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Harris Semiconductor has been an industry leader for more than two 
decades in radiation-hardened circuits which provide high performance. 
and high reliability in severe operating environments. Harris technologies 
used to achieve radiation hardness include dielectric isolation (Dl), Sili- 
con-on-Sapphire (SOS), and Silicon-on-Insulator (SOl). The Harris radia-; 
tion-hardened products include the CD4000, HCS/HCTS and ACS/ACTS. — 
logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/ 
80C86 microprocessor family, analog switches, gate arrays, standard 
cells and custom devices which provide the system designer with a full 
complement of products for radiation-hardened systems. - 


For complete, current and detailed technical specifications on any Harris: 
devices please.contact the nearest ‘Harris sales, representative or distrib- 
utor office see complete worldwide listing in Section 16, page 16-1. 


For general information regarding Harris Semiconductor and its products, . 
call 1-800-4-HARRIS - 


U.S. HEADQUARTERS EUROPEAN HEADQUARTERS | 
Harris Semiconductor Harris Semiconductor 
1301 Woody Burke Road Mercure Center _ 
Melbourne, Florida 32902 100, Rue de la Fusee - 
TEL: (407) 724-3000 | 1130 Brussels, Belgium 
TEL: (32) 2 246 21 11 
SOUTH ASIA NORTH ASIA — 
Harris Semiconductor H.K. Ltd Harris K.K. 
13/F Fourseas Building Shinjuku NS Bidg. Box 6153 ~ 
208-212 Nathan Road 2-4-1 Nishi-Shinjuku 
Tsimshatsui, Kowloon Shinjuku-ku, Tokyo 163-08 Japan - 
Hong Kong TEL: 81-3-3345-8911 — 


TEL: (852) 723-6339 


See our 
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COVER PHOTO: 
The EOS-Earth Observing System Satellite . Copyright © Harris Corporation 1993 
courtesy of the Jet Propulsion Laboratory (All Rights Reserved) 


Pasadena, California Printed in USA, 1/1993 


Harris Semiconductor products are sold by description only. All specifications in this 
product guide are applicable only to. packaged products; specifications for die are 
available upon request. Harris reserves the right to make changes in circuit design, 
specifications and other information at any time without prior.notice. Accordingly, the 
reader is cautioned to verify that information in this publication is current before plac- 
ing orders. Reference to products of other manufacturers are solely for convenience of 
comparison and do not imply total equivalency of design, performance, or otherwise 


zi a 


SEMICONDUCTOR 


/RAD-HARD HIGH-REL 


INTEGRATED CIRCUITS 


MILITARY AND AEROSPACE APPLICATIONS 


General Information 
Designing for Radiation Environments rz 
Multiplexers and Switches 3 | 
Operational Amplifiers 4 
Data Converters 5 
Field Programmable Gate Arrays 6 
Logic 

| Memories 
Serial Communications 9 
Microprocessors 
Microprocessor Peripherals 
Transistors EP 
Application Notes 
Quality and Reliability 
Packaging Information 
Sales Offices Bim 


RAD-HARD HIGH REL PRODUCTS | 
TECHNICAL ASSISTANCE | 3 


For echnical: assistance ‘on the Harris ‘products listed in-. this ‘databook, 
please contact the Field Applications Engineering staff available at one of the low. 
ing Harris Sales Offices: 


UNITED STATES | 
CALIFORNIA - © Costa Mesa ...:-..:ececeeeeeeeees «714-433-0600 
Ball JOSE 6k. ow teats bein aedacees 408-985-7322 
veccane ue Mee 4 WS Ge eRe Blew ees 818-992-0686 
FLORIOA. » SiMelbbairis ee eee 407-724-3576 
GEORGIA ke Diluthicaieeetetacesdcostarouiease 404-476-2035 
HLUNOIS Schaumburg.........eeecceceeeeeees 708-240-3480 
- MASSACHUSETTS Burlington. ......sseeeeeceeeeeeeeees 617-221-1850 
NEWJERSEY ss Mt Laurel... 0c eee 609-727-1909 
NEW YORK —- | Great Neck... ccc ccc ccc eect eness 516-829-9441 
TEXAS Dallas... 0... cc cce eee eeeeeeeeenees 214-733-0800 

~ INTERNATIONAL 
FRANCE Palle eacintaaiicanmnas Dawtehia is 33-1-346-54046 
__ GERMANY Munich ........sseeeececeeeeeeeees 49-8-963-8130 
HONGKONG ==>, Kowloon... 0... eee eee eee ee eee 852-723-6339 
ITALY | Milano..........cceeececeeeeeeecs 39-2-262-22141 
JAPAN TNO ass inayat ceeesteatad yee dot 81-33-345-8911 
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Designing for Radiation Environments 


Jupiter’s trapped radiation belts present a severe total 
dose environment. Harris rad hard SRAMs continue to 
operate long after Voyager’s journey through those belts. 


Semiconductors performing signal processing and control 
functions are at the heart of today’s electronically controlled 
systems. Many of these systems such as commercial 
satellites, scientific space probes, and military systems are 
required to operate in radiation environments of various 
severity. The designers of these systems must anticipate 
and account for the effects of the environment on the 
components used to build them in order to ensure system 
performance and reliability. Harris Semiconductor has been 
the leader in the design and production of radiation 
hardened semiconductors since the early 1960's. Harris 
offers the rad hard system designer the widest choice of the 
highest performance hardened semiconductors available 
anywhere: CD4000 and SOS Logic, epi and SOS memories, 
microprocessors and peripherals, and analog, interface, and 
data converter circuits. Harris also has the capability to 
produce gate arrays and full- or semi-custom analog or 
digital circuits to round out the options available to the 
system designer. Harris commitment to the rad hard 
semiconductor market is illustrated in our development of 
advanced SOS and SOl fabrication processes; these 
processes will allow the design of new generations of circuits 
with hardness and performance levels superior to those 
obtainable with junction isolated processes. 


Unlike many semiconductor manufacturers who produce 
space capable semiconductors as a _ sideline, Harris 
considers radiation hardened space level ICs and discretes 
to be a core business. Our products and processes are 
designed, from original concept, to meet the full rigors of 
radiation environments. When you buy from Harris Semicon- 
ductor, you can be assured of receiving radiation hardened 
products of the highest quality and long term reliability. 


Types of Radiation & Effects on Semiconductors 


There are several types of radiation with significant effects 
on semiconductors. The types of radiation encountered in 
different environments are listed in the table on page 2-4, 
and their effects on semiconductors are described here. 


Total dose is the measure of energy absorbed due to 
ionizing radiation. lonizing radiation can be in the form of 
photons (such as X-rays or gamma rays) or particles (such 
as electrons or protons). lonizing radiation, as the name 
implies, creates electron-hole pairs or ionization in the silicon 
and insulating materials used to fabricate integrated circuits. 
When the rate of ionization is low, as it is for a satellite 
traversing the Van Allen belts, electron-hole pairs produced 
in silicon are quickly swept away to the circuits’s power 
supply notes, and have negligible effects on circuit 
operation. In the insulating layers of the circuit, electrons are 
also swept to the positive supply node. Holes, however, 
move much more slowly than electrons and tend to become 
trapped at the silicon/insulator interface. When this trapped 
charge builds up at the channel of a MOS transistor, the 
transistors threshold voltage will shift. Charge that builds up 
along the silicon surfaces between transistors causes 
leakage, performance degradation and eventually, functional 
failure. The amount of total dose received is measured in 
RADs(Si). 


Extremely short, intense bursts of ionizing radiation can also 
have severe impacts on a circuits’s operation. These types of 
irradiations are commonly referred to as gamma dot or dose 
rate irradiations (gamma dot refers to the time derivative of 
gamma dose). The total amount of ionization (total dose) 
received by a circuit during one of these ionizing pulses can 
be quite low. In this case, trapped charge at silicon/insulator 
interfaces will be insufficient to degrade device performance. 
A large amount of charge produced in the silicon, however, 
creates a large current pulse as it is swept to the supply 
nodes. This current pulse can cause momentary output 
glitches, change the state of a RAM cell or other bistable 
circuit element, or trigger latchup in non-epitaxial junction 
isolated circuits. The dose rate level a circuit can withstand is 
measured in RADs (Si)/s. 


Neutron irradiations damage circuits by knocking silicon 
atoms out of their place in the crystal lattice. While this will 
severely impact bipolar transistor gains, MOS transistors 
(and, therefore, CMOS circuits) are not impacted except at 
extremely high fluence. At these extremely high levels, the 
accompanying total dose will impact the circuits much more 
severely than the displacement due to neutrons. Neutron 
irradiations can cause severe degradation in bipolar circuits 
due to the reduction in minority carrier lifetimes that result 
from displacement damage. Neutron fluence is measured in 
Neutrons/cm?2. 


A single, energetic, highly ionizing particle travelling through 
a memory circuit is known as a single event. As the particle 
travels through the circuit it leaves an ionized trail. The 
charge in this trail is collected by nearby circuit modes. 
Collected charge due to single events can cause momentary 
changes in output voltages, change the state of a RAM cell 
or other bistable circuit element, or trigger latchup in a non- 
epitaxial junction isolated circuit. 


DESIGN FOR 
RAD. ENVIRON. 


Radiation Environments 


RELATIVE INTENSITY OF RADIATION TYPES 
IN VARIOUS ENVIRONMENTS... 


| totat | pose a 
DOSE RATE | NEUTRONS 


Low Equatorial Low Very Low . Low 
Earth Orbit . ae 


ENVIRONMENT 


Low Polar Earth Moderate | Very Low Moderate 
Orbit 
Geosynchronous Moderate | Very Low 
Earth Orbit a 
Deep Space Moderate- | Very Low 
High 


.-- AND IN VARIOUS APPLICATIONS 


TOTAL DOSE 
APPLICATION DOSE RATE NEUTRONS 


Tasical Weapons 


HEAVY 
IONS 
(SINGLE 
EVENT) 


Strategic Weapons | Very High | Very High Very High 


Producing Rad Hard ICs | 

There are three factors that are essential for the production 
of radiation hardened ICs process design and control, circuit 
design, and hardness assurance. By far the most important 
of these factors is process design and control. Harris has 
developed several different process technologies to provide 


the levels of hardness necessary for the harsh environments 
in which modern electronic systems operate. 


Harris 4K and 16K SRAMs, 16K fuse link PROM, and 
CD4000 family and microprocessor family are fabricated on 
hardened field epitaxial junction isolated processes. Special 
low temperature gate and field oxide processing steps and 
other proprietary processing techniques are used to 
minimize the generation and trapping of charge that results 
in circuit degradation with accumulated total dose. The 
optimized epitaxial layer thickness prevents latchup due to 
high dose rate irradiations or high LET single events. 


Reactor 
Instruments 


Dielectrically isolated (DI) CMOS technology is used to 
fabricate Harris’ rad hard MUXs and switches; bipolar DI is 
used for the rad hard op amps and 24XRH line drivers and 
receivers. These DI processes eliminate the possibility of 
latchup, and hardened gate and field oxides provide excel- 
lent total dose hardness. | 


Harris 64K RAMs (HS-65643RH and HS-65647RH) and the 
HCS/HCTS and ACS/ACTS logic families are produced on a 
1.2um silicon on sapphire (SOS) process. This process 
provides high levels of total dose immunity and extreme 
single event upset immunity. Since this is. an insulation 


isolated process, latchup is not possible under any condition. 
Another advantage of the insulation isolation processes is 
the elimination of the capacitances associated with the 
reverse biased junctions used for isolation in a JI process. 
The elimination of these capacitances increases circuit 
speed significantly. | 


The next generation of digital radiation hardened processes 
are now in development at Harris. A submicron silicon on 
insulator (SOI) process using implanted oxygen to form the 
isolation layer will be used to build Harris’ 256K Rad Hard 
SRAMs and future digital circuits. This process will give 
these circuits excellent hardness and speed. Access and 
read/write cycle times for the 256K SRAM are 35ns guaran- 
teed over specified temperature, supply voltage, and 
radiation exposure. This insulation isolation process also 
prevents latchup under any conditions. 


The processes used to fabricate hardened ICs are designed 
to minimize the effects of radiation on device, and therefore 
circuit, operation. Conversely, circuit designs are optimized 
to provide the maximum tolerance to the device level effects. 
An example of a circuit hardening technique is the use of 
Miller capacitors in Harris’ 64K bit SRAM cells. These 
capacitors significantly increase the amount of deposited 
charge necessary to cause upset, making the circuits much 
less susceptible to single events. 


Finally, a hardness assurance program must be in place to 
ensure the processes used are in control. Hardness 
assurance at Harris takes place primarily by SPC (Statistical 
Process Control) of the wafer fabrication, assembly, and test 
processes. End of line testing is also performed (e.g. Method 
1019 compliant testing for total dose hardness), but the 
emphasis at Harris is on process control. QML (Qualified 
Manufacturer’s List) hardness assurance techniques are 
currently in place for the wafer fabrication processes, and 
are being implemented in assembly and test. | 


In deep space or Earth orbit, Harris rad hard circuits 
perform reliably for years. 


2-4 


MULTIPLEXERS AND SWITCHES 


MULTIPLEXER AND SWITCH DATA SHEETS 


HS-508ARH/883S Radiation Hardened 8 Channel CMOS Analog Multiplexer with Overvoltage Protection 
HS-1840RH/883S Rad-Hard 16 Channel CMOS Analog Multiplexer with High-Z Analog Input Protection 


HS-302RH/8835S, 
HS-303RH/883S 
HS-306RH/88358, 
HS-307RH/883S 
HS-384RH/8838, 
HS-390RH/883S 


Radiation Hardened CMOS Analog Switches 
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MHARRIS HS-508ARH/883S 


Radiation Hardened 8 Channel CMOS 


December 1992 Analog Multiplexer with Overvoltage Protection 
Features Pinouts 
¢ This Circuit is Processed in Accordance to MIL-STD- HS1-508ARH/883S 16 PIN SIDEBRAZE DIP 
883 and Is Fully Conformant.Under the Provisions of | CASE OUTLINE D-2, COMPLIANT TO MIL-M-38510 PACKAGE 
Paragraph 1.2.1. TOP VIEW 
e¢ Radiation Environment 7 
- Gamma Rate (7) 1 x 10° RAD(Si)/s Ao [1 
- Gamma Dose (7) 1 x 10° RAD(Si) EN [2. 
¢ Analog/Digital Overvoltage Protection eer = 
IN 1 
e Fail Safe with Power Loss (No Latchup) In2 [6 
¢ Break-Before-Make Switching IN3 {el 03 
¢ DTL/TTL and CMOS Compatible IN 4 is ” 
¢ Analog Signal Range +15V our [8 fi 3 
e Fast Access Time QO. = 
7 - 
e Supply Current at 1MHz Address Toggle (Typ.) 4mA = ” 
HS9-508ARH/883S 16 PIN FLATPACK — = 
SE y Mower (UB: z- mw. * CASE OUTLINE F-5A, COMPLIANT TO MIL-M 38510 PACKAGE 
e Dielectrically Isolated Device Islands TOP VIEW 
Description AO 1 
EN 2 
The HS-508ARH/883S is a dielectrically isolated, radiation -VSUP 3 
hardened, CMOS analog multiplexer incorporating an IN 4 
important feature; it withstands analog input voltages much » IN2 5 
greater than the supplies. This is essential in any system IN3 6 
where the analog inputs originate outside the equipment. INA 7 
8 


They can withstand a continuous input up to 10V greater 
than either supply, which eliminates the possibility of 
damage when supplies are off, but input signals are present. 
Equally important, it can withstand brief input transient 
spikes of several hundred volts; which otherwise would 
require complex external protection networks. Necessarily, 
ON resistance is somewhat higher than similar unprotected 
devices, but very low leakage current combine to produce 
low errors. Reference Application Notes 520 and 521, avail- 
able from the Semiconductor Products Division of Harris, for 
further information on the HS-508ARH/883S multiplexer in 
general. 


The HS-508ARH/883S has been specifically designed to 
meet exposure to radiation environments. Operation from 
-55°C to +125°C is guaranteed. 


OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3021 
Copyright © Harris Corporation 1992 3-3 
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Functional Diagram 
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Specifications HS-508ARH/883S 


Absolute Information Reliability Information 
Supply Voltage Between Pins 1 and 27................4.. +40V Thermal Resistance ........ Weenies Gia 6. 
+VSUPPLY 10 Ground 152 3. wasn coteeewteeweewineneks +20V Sidebraze Package .......... ated 7T4.7°CWW 12.1°C/WW 
“WV SUPPLY (0 GIOUNGt tut toea wend tea lesce Nwerewas -20V. Flatpack Package ..............e00- 85.0°C/W 11.1°C/W 
Analog input Overvoltage: . Total Power Dissipation........ Ce wind Weberee Gee K ae 725mW 
AN OG cos a: os ng eR WR ES NRT mate oat +VSUPPLY +20V Gate Count ...... 0... cece ccc cece cece teens 253 Gates 
OVS is Howe 6 Fea re Pa R eee Rae ee ees -VSUPPLY -20V. ESD Classification......... 0... cece ee ee eee ee Class 1 
Digital Input Overvoltage 
EVEN VA oso sve chia ecnlee area Wawra geererae are +VSUPPLY +4V 
SVEN VAs ek ads Sede bee e mae koarewas -VSUPPLY -4V 
Peak Current, S or D Pulsed at ims, 
10% Duty Cycle Maximum ......... ccc cee cee e eee 40mA 
Storage Temperature Range .............060- -65°C to +150°C 
Junction Temperature... 0... cece ce cece eee e ees +175°C 
Lead Temperature (Soldering 10s)............ce ce eeee +275°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating aha operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions: 


Operating Supply Voltage (EVSUPPLY)...............0 000 +15V Logic Low Level (VAL).......... cee cece cece ee eee eeee +0.8V 
Operating Temperature Range......... audios -55°C to +125°C Logic High Level (VAH)............ cece eee e eee eeeeeee +4.0V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH =+4.0V, VAL = 0.8V 


|} LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE xX UNITS 
Input Leakage Current, | IH | Measure Inputs +25°C, +125°C, tte 


Address, or Enable Pins Meee a Ground All -55°C 


MULTIPLEXERS & 
SWITCHES 


Leakage Current into the 
Source Terminal of an 
“OFF” Switch 


Unused Pins 
Inputs and Output = -10V, 
Spee +125°C, -55°C 


Inputs and Output = +10V, Fi PR 

All Unused Inputs = -10V 

a Unused puis +10V fe ae Poa ra 
+ID(OFF) | VS =+25V, Measure VD, 
Overvoltage | VEN = 0.8V, All Unused 

Inputs toGND 


> 


> 


Leakage Current into the 
Drain Terminal of an 
“OFF” Switch 


> 


>| > 


+25°C, +125°C, 
-55°C 


Leakage Current Into the 
Drain Terminal of an 
“OFF” Switch With 
Overvoltage Applied. 


> 


425°C, +125°C, © 
-55°C 


-ID(OFF) { VS =-25V, Measure VD, 
Overvoltage | VEN = 0.8V, All Unused 
Inputs to GND» 


+ID(On) 
VEN = 4.0V. pee 


-ID(On) 
All Unused Inputs = +10V +125°C, -55°C. 250 
Analog Signal Range 7, 8A, 8B +25°C, +125°C, 
-55°C 


> 


+25°C 


VS = VD =.+10V, 
VEN = 4.0V. 
All Unused Inputs = 


VS = VD = -10V, 


Leakage Current from an 
“ON” Driver into the ~ 
Switch (Drain & Source) 


> 


-10V 


+125°C, -55°C 


> 


> 
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Specifications HS-508ARH/883S 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V &, 


| oa : GROUPA | ae 
PARAMETERS - SYMBOL CONDITIONS  .- | SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Switch On Resistance +R(On) | VS=+10V, | ee ee eee 1500 | ohms | 
lar 55°C, +125°C 


-R(On) | VS=-10V, IOUT =+100pA 
VEN = 4.0V “55°C, +125°C 


Positive Supply Current VEN = 4.0V -55°C, +25°C, 


+125°C 


Lore oe ee ee 
Negative Supply Current VEN = 4.0V -55°C, +25°C, m 
+125°C 
! 8 cz 


A 
A 
mA 
+125°C . 


Positive Standby Supply +I(SBY) | VEN =0.8V -55°C, 
Current | +25°C,+125°C 
_| Negative Standby Supply -(SBY) | VEN=08V 
Current _ | | | . 


hw | TABLE 2. AC. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- ="15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


, Se os ne GROUPA [| is 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE. 


-55°C, +125°C 
Propogation Delay TOn(A) . | AL = 10KQ, CL = 50pF 


Times: Address Inputs to 
VoChannels ss | TOMA) — 
| TOn(EN) | RL = 1000Q, CL = 50pF 


Enable to /O 
7 TOff(EN) | — 


; 7 TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: V- = 15V, V+ = +15V, VAH = +4.0V, VAL =0.8V_ Unless Otherwise Specified 


| | ae - | ante LIMITS 
- PARAMETERS SYMBOL CONDITIONS — NOTE |:TEMPERATURE 
Capacitance Address CA VS+ = VS- = OV, f = 1MHz 
Input . . 
Capacitance Channel CS(Off) | VS+ = VS- = OV, f = 1MHz 
Input | . | 
Capacitance Channel _ | CD(Off) | VS+=VS- = OV, f= 1MHz 
Output - . 7 7 


Break-Before-Make Time RL = 10009, CL = 50pF 
Delay a 2 | 


-§5°C, +125°C_ 


ee ee 
Eo ees Ree aed a! 
ae Ee ee 
Da ee ae ee 
BLU aslo OME Bel 
eee Pee ee 
elses Aeon De 


Off Isolation ates VEN = 0.8V, f = 200KHz, 
ae - CL = 7pF, RAL = 1KQ, 
— VS = 3.0VRMS 
NOTES: 4 | 
1. The parameters listed in this table are controlled via design or process parameters and not directly tested. These parameters are 
characterized upon initial design changes which would affect these characteristics. 
2. Worst case isolation occurs on channel 4 due to proximity of the output pins. 
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TABLE 4. POST 100K RAD (si) ELECTRICAL SPECIFICATIONS 
Tested, per MIL-STD 883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.5V, VAL= 0.5V 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
Input Leakage Current, | AH Measure Inputs Sequen- 


Address,or Enable Pins tially, Ground All Unused 


LIMITS 


UNITS 


_} 
> 


Pins 


+IS(OFF) | VS = +10V, All Unused +25°C 
Inputs and Output = -10V, 
VEN = 0.8V 
-IS(OFF) | VS =-10V, All Unused 425°C 
Inputs and Output = +10V, 
VEN =0.8V 
+ID(OFF) | VD =+10V, VEN =0.8V. | 425°C 
All Unused Inputs = -10V 
-ID(OFF) | VD=-10V, VEN=0.8V. All 
+ 


= 


Leakage Current Into the 
Source Terminal of an 
“OFF” Switch 


25 


oO 


A 


- 


Leakage Current Into the 
Drain Terminal of an 


OFF” Switch 35 


io) 


A 


=) 


=) 
> 


Leakage Current Into the 
Drain Terminal of an 
“OFF” Switch With 
Overvoltage Applied 


+ID(OFF) 
Overvoltage | VEN = 0.8V, All Unused 
Inputs tied to GND 


VS = -25V, Measure VD, 


Unused Inputs = +10V : 
VS =+25V, Measure VD, -2000 | 2000 
2 


-ID(OFF) 
Overvoltage | VEN = 0.8V, All Unused 


Inputs tied to GND — 
+ID(On) VS = VD = +10V, 

VEN = 4.0V. All Unused 
-[D(On) VS = VD = -10V, 

VEN = 4.0V. All Unused 

Inputs = +10V 
+R(On) VS = +10V, 

IOUT = -100pA, 

VEN = 4.0V 


SWITCHES 


Leakage Current from an 
“ON” Driver into the 
Switch (Drain & Source) 


po) 
MULTIPLEXERS & 


ine) 


3 
> 


= 


Switch On Resistance 


+25°C 


-55°C, +125°C 
es 
10, 11 -55°C, +125°C 


Inputs = -10V 
-R(On) VS =-10V, IOUT = +100pA, 

VEN = 4.0V 

Negative Supply I(-) VEN = 4.0V 

Current 

Positive Standby +ISBY VEN = 0.8V 

Supply Current 

Negative Standby -ISBY VEN = 0.8V 

Supply Current 

Break-Before-Make TD RL = 1000Q, CL = 50pF 

Time Delay 


Propogation Delay TOn(A) RL = 10KQ, CL = 50pF 


Ti : A I 
imes: Address Inputs TOH(A) 


to 1/O Channels 
Enable to I/O TOn(EN) | AL = 10000, CL = 50pF 
TOff(EN) 


Positive Supply 
Current 


3 = 
> 


= 
> 


_ = 


jw 
io) 
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TABLE 5. DC POST BURN-IN DELTA ELECTRICAL SPECIFICATIONS 
Guaranteed, per MIL-STD 883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


— LIMITS 


Input Leakage Current, 
Address,or Enable Pins 


Leakage Current into the 
Source Terminal of an 
“OFF” Switch 


Leakage Current into the 
Drain Terminal of an 
“OFF” Switch 


Leakage Current from 
an “ON” Driver into 
the Switch (Drain & Source) 


Switch On Resistance 


+ID(OFF) 


-ID(OFF) 


+R(On) 


-R(On) 


[feeancest | oona0s 


Group E, Subgroup 2 


Measure Inputs Sequen- 
tially,Ground All Unused 
Pins 


VS = +10V, All Unused 
Inputs and Output = -10V, 
VEN = 0.8V . 


VS = -10V, All Unused 
Inputs and Output = +10V, 
VEN =0.8V 


VD = +10V, VEN = 0.8V, 
All Unused Inputs = -10V 


VD = -10V, VEN = 0.8V. 
All Unused Inputs = +10V 


VS = VD = +10V, 
VEN = 4.0V. 
All Unused Inputs = -10V 


VS = VD =-10V, 
VEN = 4.0V 
All Unused Inputs = +10V 


VS = +10V, 
VEN = 4.0V 


VS = -10V, IOUT = +100p1A, 
VEN = 4.0V 


i 


" 
: 


TABLE 6. APPLICABLE SUBGROUPS | 


0%/5004 


CONFORMANCE GROUPS METHOD Q SUBGROUPS 


Samples/5005 


. ae: 
: A 
1,7 


o 


UNITS 


| 
> 


=) 
> 


> 


> 


> 


HS-508ARH/883S 


Switching Waveforms 
ACCESS TIME 


VAH = 4.0 ADDRESS 


ne = DRIVE (VA) 
1/2VAH f- \ VAL = 0.8V 
OUTPUTA 
: \ -8V 
: , -10V 


VAH = 4.0 | 
ADDRESS IN1 
0.gv DRIVE (WA) IN 2 THRU IN 7 


OUTPUT 


VAH = 4.0 


OUTPUT 


ae MONEN~< of 
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100ns/DIV. 


100ns/DIV. 
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_ HS-508ARH/883S 


Burn-In Circuits 


eae 


EE 


DYNAMIC BURN-IN AND LIFE TEST CIRCUIT 


NOTES: 


R1 = 10K ohms +5%, '/, or '/, watt (per socket) 
C1 = C2 = 0.01pF minimum (per socket) or 
0.1p1F minimum (per row) 
D1 = D2 = 1N4002 (or equivalent). . 
{0 = 100KHZz; f1 = 0/2; f2 = f0/4; f3 = f0/8; 50% Duty Cycle _ 
VIL = 0.8V max; VIH = 4.0V min. | | 


STATIC BURN-IN TEST CIRCUIT 


NOTES: 


R1 = 10K ohms +5%, '/, or '/, watt (per socket) 

C1 = C2 = 0.01pF minimum (per socket) or 
_0.1p.F minimum (per row) — 

D1 = D2 = 1N4002 (or equivalent) 


Irradiation Circuit 


16 PIN DIP 


+15V 


NOTE: All irradiation testing is performed in the 16 pin sidebrazed DIP package 
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Schematic Diagrams 


ADDRESS INPUT BUFFER AND LEVEL SHIFTER 


| eee cnececeeccceeeeee-!  LEVELSHIFTER 


; 
] 
4 
; 
LEVEL 
; ‘SHIFTED 
ADDRESS 
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PROTECTION [1]: 
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ADDRESS DECODER MULTIPLEX SWITCH 
0+V 
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A1 OR Al 


A2 OR A2 


ENABLE 


TO N- CHANNEL DEVICE OF THE SWITCH PAIR 
TO P- CHANNEL DEVICE OF THE SWITCH PAIR 
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HS-508ARH/883S 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C method 1015 Condition A 


Room Temperature Electrical Tests (T1) 
Burn-In Delta Calculation (TO-T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D : 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 
Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 


. Customer Source Inspection (Note 2) 
~ Group B Inspection (Notes 2, 4) Method 5005 


Group D Inspection (Notes 2, 4) Method 5005 
External'Visual Inspection Method 2009 


Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 

Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 

+25°C Initial Test 

+25°C Interim Test 1 

+25°C Interim Test 2 

+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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HS-508ARH/883S 


Metallization Topology 


DIE DIMENSIONS: 
83 x108 x 11 mils 


METALLIZATION: 
. Type: Aluminum 
Thickness: 12.5kA + 2kA 


GLASSIVATION: 

Type: SiO, 

Thickness: 8kA + 1kA 
DIE ATTACH: 

Material: Gold Eutectic 


Temperature: Side Braze DIP - 335°C (Max) 
Flatpack - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
6.68e04 Amps/cm? 


PROCESS: CMOS-DI 


Metallization Mask Layout 
HS-508ARH/883S 


MULTIPLEXERS & 
SWITCHES 


IN3 
IN4 
EN 
OUT 
AO 
Al 
IN8 
IN7 
A2 
ING . 


"pean | 


1 
i 
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MHARRIS HS-1 840RH/883S — 


Rad-Hard 16 Channel CMOS Analog. 


December 1992 Multiplexer with High-Z Analog Input Protection 
Features Pinouts | 
¢ This Circuit is Processed in Accordance to HS1-1840RH/883S 28 PIN CERAMIC SIDEBRAZE DIP 
Mil-Std-883 and is Fully Conformant Under the CASE OUTLINE D-10,COMPLIANT TO MIL-M-38510 PACKAGE 
Provisions of Paragraph 1.2.1. TOP VIEW 
¢ Radiation Environment 
- Gamma Rate (i) 1x 10° RAD(SI)/s *VS LY 26] OUT 
- Gamma Dose (y) 2 x 10° RAD(SI) ne [2 Vs 
: NC | 3| 26] IN 8 
¢ Low Power Consumption Inie[4 25] IN 7 
¢ Fast Access Time 1000ns IN 15 [5 IN 6 
¢ High Analog Input Impedance 500MQ IN 14 [6 23] INS 
During Power Loss (Open) IN 13 IN 4 
_¢ Dielectrically Isolated Device Islands ee eis 
IN 11 [9 20} IN 2 
e Excellent In Hi-Rel Redundant Systems | IN 10 [10 A] IN 4 
¢ Break-Before-Make Switching IN 9 [11] ENABLE 
* No Latch-Up | | GND [12! ADDR AO 
(+5VS) VREF [13 16] ADDR At 
Description _ | | : ADDR AS [14 45} ADDR A2 
The HS-1840RH/883S is a radiation hardened, 
monolithic 16 channel multiplexer constructed with the 
Harris Linear Dielectric Isolation CMOS process. It is 
designed to provide a high input impedance to the | 
analog source if device power fails (open) or the | | HS9-1840RH/883S 28 PIN CERAMIC SIDEBRAZE FLATPACK 
analog signal voltage inadvertently exceeds the supply shia OUTLINE F-11A, COMPLIANT TO MIL-M-38510 PACKAGE 
rails during powered operation. Excellent for use in | TOP VIEW 
redundant applications, since the secondary device 
can be operated in a standby unpowered mode : 
affording no additional power drain. More significantly, +VS OE 1 © 28 FC  ouT 
a very high impedance exists between the active and ico —— -Vs 
inactive devices preventing any interaction. One of NC ——IIN8 
sixteen channel selection is controlled by a 4-bit binary ——— =I IN7 
address plus an Enable-Inhibit input which conve- Noe —— IN6 
niently controls the ON/OFF operation of several N14 ——I INS 
multiplexers in a system. All digital inputs have he ae 
electrostatic discharge protection. ab cose = Ne 
| IN11 oo = IN2 
The HS-1840RH/883S has been specifically designed |} © IN10-—— —1 IN1 
to meet exposure to radiation environments. It is ho = ENABLE 
available in a 28 pin Ceramic Sidebraze dual-in-line -— GND —— ADDR Ao 
package and 28 pin Ceramic Flatpack. It is ee (+5VS) VREF = - ——I] ADDR At 
operational from -55°C to +125°C. oe | ADDR A3 C—O 14 5 = ADDR A2 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3022 


Copyright © Harris Corporation 1992 3-14 


HS-1840RH/883S 


Functional Diagram 
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BUFFER AND 
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DIGITAL 
ADDRESS 


Truth Table 
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Specueetee HS-1840RH/883S 


Absolute Maximum Ratings Reliability Information 

Supply Voltage Between Pins 1 and 27..........2..ceeeee +40V Thermal Resistance .............5.06. : ja jc 

+VSUPPLY to Ground 0... ccncccncesncccccces ee +20V Sidebraze Package ............ee06. 83.1°C/W 19.1°C/W 

-VSUPPLY to Ground ..... 0... sees cece cece eee eee e eens nh 20V Flatpack Package .........cceeeeees 49.1°CIW 16.5°C/W 

VREF 0 Ground ico iiet ded acces dia sein vwiewe seas 's+e++ +20V * Total Power Dissipation*: 

Analog input Overvoltage: | +: Sidebraze DIP Package.......... ccc eee cence ence 1600mW 
VS sas goctag ab wi aoe sla ea eaee Mae aes +25V (Power On/Off) Ceramic Flatpack Package ...........-...-eceeue- 1400mW 
OVS ot wwe ate Say seater arose aaa ons -25V (Power On) ESD Classifi cation. ... AGERE RES Vee neat ane as Class 1 

Digital Input Overvoltage: | . 
+VEN, AVA 65 00s esses ew oes ee ee A eee VREF +4V_* For DIP Derate 20.4mW/C above Ts = +95°C 
eVEN, VA ic soos bos tse se eee e or tea GND -4V For Flatpack Derate 18.5mW/°C above Ta = +95°C 

Storage Temperature Range .............205- -65°C to +150°C | oe | 

Junction Temperature... 2... cece ce crete cece ees +175°C 

Lead Temperature (Soldering 10s)........... aches aoe 275° 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the opera tional sections of this specifica tion is not implied. 


Operating Conditions are ne | 
Operating Supply Voltage (LVSUPPLY) .........0.......66. +15V Logic LOW: LOVEL(VAL) aa5d cba tuatwe cee Seasweeixawaes +0.8V 


Operating Temperature Range................ -55°C to +125°C Logic High Level (VAH)........... cee cece cece cece eeee +4.0V 
VREF (Pin 13)... 2... cece eee eee eee aees a aaa eee .+5V ii 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


aaa 
GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
Analog Signal Range 7, 8A, 8B -55°C, +25°C, cs ms 
+125°C 


Input Leakage 1AH Measure Inputs Sequentially ~ | -55°C, +25°C, nA 
Curront, Address, or IAL Ground AllUnused Pins ss fo #425°C 
Enable Pins VAL = 0.8V, VAH = 4. OV | 
Leakage Current Into +IS(OFF) | VS =+10V, All Unused Inputs ; ae ee 
the Source Terminal of _. . | and Output =-10V, VEN=4V_ 5 A 
an “Off Switch | | #126°C,-55°C | -100 | 

-IS(OFF) | VS =-iOV, All Unused Inputs, | 125% | 10 

| | Output = +10V, VEN = ay "125°C, -55°C 100 

Leakage Current into | +IS(OFF) | V+,V-, VREF, AO, A1, A2, A3,A4, | ssc | 50 | 
the Source Terminal of | Power Off | EN=GND, Unused mo eoleoe to "He DEG a 
an “Off Switch With GND, VS = +25V +128°C, -55°C 
Power “Off” - 


-55°C, +25°C, 
+125°C . 


_ *55°C, +25°C, 
“+125°C 


Leakage Current Into 
the Source Terminal of 
an “Off Switch With 
Overvoltage Applied 


+IS(OFF)” | VS. = +25V, VD = OV, VEN = 4V 
Overvoltage | All Unused Inputs Tied to GND | 
-IS(OFF) | VS=-25V,VD= OV, VEN =4VAIll 
Overvoltage | Unused Inputs TiedtoGND 
+ID(OFF) | VD= +1 OV, VEN = 4V All Unused 
Inputs = -10V - 
-ID(OFF) 


+ID(OFF) | VS =+25V, Measure VD, 
oetnge: ‘VEN = 4V, All Unused Inputs to’ 


| GND 
“ID(OFF) 
Overvoltage 


+125°C, -55°C -100 


286 [0 | 


+125°C, -55°C =| -100 


-55°C, +25°C, -1000 | 1000 
+125°C 


Leakage Current Into 
the Drain Terminal of 
an “Off Switch 


VD =-10V, VEN = av All Unused 
| Inputs = +10V ae 


| 
> 


-55°C, +25°C, 
+125°C 


Leakage Current Into 
the Drain Terminal of 
an “Off? Switch With 
Overvoltage Applied 


—_h, w= 


VS = -25V, Measure VD, 
All Unused Inputs to GND 
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Specifications HS-1840RH/883S 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


GROUP A 
PARAMETER SYMBOL SUBGROUPS | TEMPERATURE | MAX 


Leakage Current from +ID(ON) | VS =+410V, VD = +10V, VEN = ee ee ee 10 


an “On” Driver into the 0.8V All unused inputs = -10V a +125°C, -55°C “100 


Switch (Drain & Source) 
Tae [ 0 
eee | +125°C, -55°C | -100 


+15V R(ON) | VS = +15V, ID = -1mA, 1,.2;3 -55°C, +25°C, 
VEN = 0.8V +125°C 
-5V R(ON) | VS=-5V, ID=+1mA, VEN =0.8V -55°C, +25°C, 4000 | Q 
+125°C 
+5V R(ON) | VS=+5V, ID =-imA, VEN = 0.8V -55°C, +25°C, 
+125°C 
(+) VEN = 0.8V 1,2,3 -55°C, +25°C, mA 
Current +125°C 


VS =-10V, VD = -10V, VEN = 
0.8V, All Unused Inputs = +10V 


Switch On Resistance 


- 
3 


-55°C, +25°C, -0.5 
+125°C 


-55°C, +25°C, 0.5 mA 
+125°C 


-55°C, +25°C, 
+1 25°C 


Negative Standby -ISBY VEN = 4.0V 
Supply Current 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


| GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 


Break-Before-Make | TD | RL = 10002, CL = 50pF 7 
Time Delay . | Sag 


+125°C, 55°C | 5 | 
Propagation Delay TON(A), | RL = 10KQ,CL = 50pF 
Times: Address Inputs TOFF(A) 


anak a 
cs 
= [eo 
io UO Channel Eee ee eed 
Ts [eo 
= [re 


Enable to VO TON(EN), | RL = 10000, CL = 50pF 
TOFF(EN 
Soren) 10, 11 +125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized At: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V, Unless Otherwise Specified 


PARAMETER SYMBOL CONDITIONS | MIN 
Capacitance Address CA +VS =-VS = OV, f= 1MHz 
Input 
Capacitance Channel CS(OFF) | +VS =-VS = OV, f= 1MHz +25°C 
Input 
Capacitance Channel CD(OFF) | +VS=-VS = OV, f= 1MHz 1 +25°C 
Output TOFF(EN) 

Off Isolation VISO VEN =4.0V, f = 200kHz, CL = 7pF, 
RL = 1kQ, VS = 3.0VRMS 


NOTE: 1. The parameters listed in Table 3 are controlled via design or process parameters and not directly tested. These parameters are 
characterized upon initial design and after major process and/or design changes. 


| zee | 25 | 
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MULTIPLEXERS & 


SWITCHES 


Specifications HS-1840RH/883S 


TABLE 4. POST 200K RAD(Si) ELECTRICAL CHARACTERISTICS 
Tested, per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.5V, VAL = 0.5V 


. . LIMITS 
GROUP A | uimirs 
PARAMETER SYMBOL | CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
Input Leakage Current, IAH Measure Inputs Sequentially, +25°C nA 
Address, or Enable Pins IAL Ground All Unused Pins 
Leakage Current Into +IS(OFF) | VS = +10V, All Unused Inputs & +25°C . 100 nA 
the Source Terminal of - | Output = -10V, VEN = 4.5V 
“Off” Switch 

calla -IS(OFF) | VS =-10V, All Unused Inputs & 425°C nA 

Output = +10V, VEN = 4.5V . 


Leakage Current into +IS(OFF) | V+, V-, VREF, AO, Al, A2, A3, A4, 
the Source Terminal of Power Off | EN=GND, Unused Inputs Tied to 
an “Off Switch With GND, VS = +25V 

Power “Off” 


Leakage Current Into +IS(OFF) | VS = +25V, VD=0V, VEN=4.5V 
the Source Terminal of | Overvoltage | All Unused Inputs Tied to GND 
“Off” Switch With 
Overvoltage Appiied | IS(OFF) | VS =-25V, VD=OV, VEN=4.5V 
Overvoltage |} All Unused Inputs Tied to GND 
Leakage Current Into +ID(OFF) | VD=+10V, VEN = 4.5V 
the Drain Terminal of All Unused Inputs = -10V 


“Off” Switch 
aN ewe -ID(OFF) | VD =-10V, VEN = 4.5V 
All Unused Inputs = +10V 


Leakage Current Into +ID(OFF) | VS =+25V, Measure VD, 
the Drain Terminal of Overvoltage | VEN = 4.5V 
an “Off Switch With All Unused Inputs to GND 


Overvoltage Appli 

eielage Appice -ID(OFF) | VS =-25V, Measure VD, 
Overvoltage | VEN = 4.5V 
All Unused Inputs to GND 


Leakage Current from +ID(ON) VS=+10V, VD = +10V, 
an “On” Driver into the VEN =0.5V | 
Switch (Drain & Source) All Unused Inputs = -10V 
-ID(ON) VS = -10V, VD = -10V, 
VEN = 0.5V 
All Unused Inputs = +10V 
Switch On Resistance | +15V R(ON) | VS = +15V, ID =-1mA, VEN =0.5V 


-5V R(ON) | VS =-5V, ID =+1mA, VEN = 0.5V 


| 8 

© 

oO 
— 
© 
© 


+ 
© 
>) 
- 

> 


+25°C 


+25°C 


> 


> 


+25°C 


+25°C 


pao} 


+25°C 


3 
> 


+25°C 


a} 


+25°C -1000 | 1000 nA 


> 


+25°C 100 


+25°C 


+25°C 
+25°C 
+25°C 
+25°C 


Be 


000 


+5V R(ON) | VS =+5V, ID =-1mA, VEN =0.5V 
Positive Supply I(+) VEN = 0.5V 
Current 
Negative Supply I(-) VEN = 0.5V 
Current 


+25°C 


Positive Standby +I(SBY) | VEN =4.5V +25°C 
Supply Current 

Negative Standby -I(SBY) VEN = 4.5V 

Supply Current | 


425°C 


+25°C 


> 


Make-Before-Break TD RL = 1000Q, CL = 50pf 
Time Delay | 


RL = 10KQ, CL = 50pf 


Propagation Delay +25°C 


Times: Adress Inputs 
to I/O Channels 


Enable to I/O TON (EN) | RL=1000Q, CL=50pf — 
| TOFF (EN) . , | 
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TON (A) 
TOFF (A) 


+25°C 


Specifications HS-1840RH/883S 


TABLE 5. DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
Guaranteed, per Mil-Std-883, Method 1019. Unless Otherwise Specified: V- = -15V, V+ = +15V, VREF = +5V, VAH = +4.0V, VAL = 0.8V 


GAcupa | LIMITS 
PARAMETER -SYMBOL SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
Input Leakage Current, IAH Measure Inputs Sequentially, -100 nA 


IAL 


+IS(OFF) | VS =+10V, All Unused Inputs & 
| Output = -10V, VEN = 4.0V 

-IS(OFF) | VS =-10V, All Unused Inputs & 
Output = +10V, VEN = 4.0V 

+ID(OFF) | VD =+10V, VEN = 4.0V 
All Unused Inputs = -10V 

-ID(OFF) | VD=-10V, VEN =4.0V 
All Unused Inputs = +10V 

+ID(ON) | VS =+10V, VD =+10V, 
VEN = 0.8V 
VS =-10V, VD = -10V, +25°C 
VEN =0.8V 
All Unused Inputs = +10V 


Address, or Enable Ground All Unused Pins 


Pins 


P=) 


CEE EER EEE 


Leakage Current Into — 
the Source Terminal of 
an “Off Switch 


> 
> 


3 
> 


Leakage Current Into 
the Drain Terminal of 
an “Off? Switch 


=] 
> 


3 
> 


Leakage Current from 
an “On” Driver into the 
Switch (Drain & Source) 


All Unused Inputs = -10V 
Switch On Resistance | +15V R(ON) | VS = +15V, ID = -imA, 
VEN = 0.8V 

_ | -5V R(ON) | VS =-5V, ID = +1mA, 
VEN = 0.8V 

Positive Supply (+) VEN = 0.8V 

Current 

Negative Supply I(-) VEN = 0.8V 

Current 

Positive Standby +ISBY VEN = 4.0V 

Supply Current 

Negative Standby -ISBY VEN=4.0V 

Supply Current 


a 
| 
POR 
Gass 


+25°C 


+ 
o 
° 
.@) 
’ 
ND 
on 


[aom> | _Sanpets 
Groin E Saban? Spans 
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MULTIPLEXERS & 


SWITCHES 


HS-1840RH/883S 


Performance Characteristics and Test Circuits : 


ACCESS TIME vs. LOGIC LEVEL (HIGH) 


> 15V,0V - 


50% 
VA 0.8V VA 

i] 
H D OV, 15V 
4 
' >» VOUT 
t) 

VOUT , ; 50pF 
’ t] 
ie 50% 
rt ov = 2% 

— m<— ta : = 


BREAK-BEFORE-MAKE DELAY (tOPEN) 


fo to 4.0V 
VA —_ 0.8V 


VOUT — 
50% “K F 50% 
ivi 
i) ¢ 
14 
—>| <— tOPEN 
VA 
| | D9 +10V 
t ' 
r] e 
' 
r) t : Fs : : : 
‘ ’ _ 4 . 
90% eae OUTPUT . VOUT 
a sn 50pF 
§ ] t 
VOUT mf 
r] ‘ i) ' 
tON(EN) =~ 
> m€ tOFF(EN) 
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HS-1840RH/883S 


Burn-In/Life Test Circuits 


7 


aad 
| 3 


ben 


SE 


ananaee 
el E de eeeeue 


oe ie ren: es ree | 
ARRIEBlelelselolfelolsIE 
see PEREEREE y 
eee ee > 


| 


DYNAMIC BURN-IN AND LIFE TEST CIRCUIT STATIC BURN-IN TEST CIRCUIT oy 
NOTES: NOTES: Y ” 
VS+ = +15.5V + 0.5V, VS- = -15.5V + 0.5V R = 1kQ+5%, /,W ~, ul 
R=1kQ+5% | Ci = C2 = 0.01pF minimum, 1 each per socket, minimum Wi ¢ 
C1=C2=0.01pF + 10%, 1 each per socket, minimum VS+ = 15.5V + 0.5V, VS- = -15.5V + 0.5V, VR = 15.5 + 0.5V =~ 
D1 = D2 = 1N4002, 1 each per board, minimum a 
Input Signals: square wave, 50% duty cycle, OV to 15V peak + 10% aA 
F1 = 100kHz; F2 = F1/2; F3 = F1/4; F4 = F1/8; F5 = F1/16 = 


NOTES: 
1. The Above Test Circuits are Utilized for All Package Types 
2. The Dynamic Test Circuit is Utilized for All Life Testing . 


Irradiation Circuit 


28 PIN DIP 


+15V © 
NC © 
NC © 
+1V c 


? 


Titi 


ipl i alle 


NOTE: All irradiation testing is performed in the 28 pin DIP package 
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| HS-1840RH/883S 


.Schematic Diagrams 


ADDRESS INPUT BUFFER AND LEVEL SHIFTER 


@ 


LEVEL SHIFTER 


© @ @ off 2 ©2888 OTSA THSASHRASHASBZ SASH ESSA SPH ASH PFADAS SSSA *SA#S#s#ASSFZABFSAZ*® SF FOX eFax wowsnsesazaenvasweaenaaesse 


Bmeeweweunewouweay 


oO 
pow ¢ 


LEVEL 
SHIFTED 
ADDRESS 
OVERVOLTAGE:, P TO 
PROTECTION 4 DECODE 
pete cect 
i Vv a6 . 
all | ees 
ils ADDRESS 
D2Ajli | TO 
ARE RI an DECODE 
y ots 
{ 2000 AE ai al 
os 
y ’ 


ADDRESS DECODER MULTIPLEX SWITCH 


Ve 


FROM 
DECODE 


ENABLE 


\- 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C method 1015 Condition A. 


Room Temperature Electrical Tests (T1) 
Burn-In Delta Calculation (TO-T1) 


NOTES: 


HS-1840RH/883S 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7,A 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014. 
Customer Source Inspection (Note 2) | 
Group B Inspection (Notes 2, 4) Method 5005 


08 
Group D Inspection (Notes 2, 4) Method 5005 o o 

Lu Lu 
External Visual Inspection Method 2009 2s a 
Data Package Generation (Note 3) a = 

FO 

= 

= 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List . 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 


+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 


+25°C Delta Over Burn-in 
4. Group B data A peenage contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data akan contains Attributes only. 
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HS-1840RH/883S 


Metallization Topology 


DIE DIMENSIONS: 
110 x 159 x 11mils 


METALLIZATION: 
Type: Al e 
Thickness: 12.5kA + 2kA 


GLASSIVATION: | 
Type: SiO», 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Eutectic 
Temperature: Sidebrazed Ceramic DIP - 460°C (Max) 
Flatpack - 460°C (Max) : 


WORST CASE CURRENT DENSITY: 1.90e04A/cm2 
LEAD TEMPERATURE (10 Seconds Soldering): <275°C 
PROCESS: CMOS-DI | 


Metallization Mask Layout 


HS-1840RH/883S 


ins ee 
-V 
; AO 
Al 
OUT ff 
A2 
A3 
VREF 
+V 
IN16 GND 


IN15 
IN14 
IN13 
IN12 
IN10 

IN9 


IN11 
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ta) FIARRIS 


SEMICONDUCTOR 


December 1992 


Features 


¢ This Circult is Processed in Accordance to Mil-Std- The HS-3XXRH/8835S family of analog switches are monolithic 
883 and Is Fully Conformant Under the Provisions devices fabricated using Radiation Hardened CMOS technol- 


of Paragraph 1.2.1. ; ) 
Radiation Hardened 
- Functional Total Dose Exceeds 1 x 10° RAD Si 


Pin for Pin Compatible with Harris HI-3XX Series 
Analog Switches 


Analog Signal Range 15V 

Low Leakage | 

Low Ron 

No Latch Up 

Versions for 5V and 15V Digital Systems 
Low Operating Power 

Military Temperature Range -55°C to +125°C 


Applications 


Sample and Hold I.e. Low Leakage Switching 
Op Amp Gain Switching I.e. Low ON Resistance 
Switched Capacitor Filters 

Low Level Switching Circuits 

Satellites 

Nuclear Reactor Controls | 

Military Environments 


HS-302RH/883S, HS-303RH/883S 


HS-306RH/883S, HS-307RH/883S 
HS-384RH/883S, HS-390RH/883S 


Radiation Hardened 
CMOS Analog Switches 


Description 


ogy and the Harris dielectric isolation process for latch-up free 
operation. Improved total dose hardness is obtained by layout 
(thin oxide tabs extending to a channel stop) and processing 
(hardened gate oxide). These switches offer low-resistance 
switching performance for analog voltages up to the supply 
rails. “ON” resistance is low and stays reasonably constant over 
the full range of operating voltage and current. “ON” resistance 
also stays reasonably constant when exposed to radiation, 
being typically 309 pre-rad and 352 post 100K RAD-Si. All 
devices provide break-before-make switching. 


The 6 devices in this switch series are differentiated by type of 
switch action, pinout and digital logic levels. The HS-302/303/ 
384/390RH/883S switches have 5V digital inputs while the HS- 
306/307RH/883S switches have 15V digital inputs. All devices 
are available in ceramic DIP packages. The HS-3XXRH/883S 
switches can directly replace the HI-3XX series devices. 


Functional Diagram 


Pinouts (Switch States are for Logic “1” Inputs). TOP VIEWS 


DUAL DPST DUAL SPDT 
HS-302RH/883S HS-303RH/883S 
HS-306RH/883S HS-307RH/883S 


DUAL DPST | DUAL SPDT 
HS-384RH/883S HS-390RH/883S 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. _ File Number 3067 
Copyright © Harris Corporation 1992 
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Pinouts (Switch States are for Logic “1” Inputs) TOP VIEWS ~ (Continued) 


2886 


$1 
IN1 


GND I 


D1 


SS22e286 


HS-3XXRH/883S 


‘DUAL DPST 
HS-302RH/883S 
HS-306RH/883S 


DUAL DPST 
HS-384RH/883S 
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23886 


$1 
IN1 
GND 


D1 


SS2288% 


DUAL SPDT 
HS-303RH/883S 
HS-307RH/883S 


_ DUAL SPDT. 
HS-390RH/883S 


_ | ae See 
ee SESS 
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Specifications HS-3XXRH/883S 


Absolute Maximum Ratings Reliability Information 
Supply Voltage Between V+ and V- ............00 ee eee ..+44V_‘ Thermal Resistance ja j 
4+VSUPPLY to Ground ss scccuesc eb cwd ctascaebdaea'y es +22V 14 Lead DIP isséhans ost ineneaines 85.5°C/W 24.3°C/W 
“VSUPPLY 10 Grounds sui. 0.e4s6u0crsvevedaaeiswan cores -22V  14LeadFlatpack......... Pian 85.0°C/W  11.5°C/W 
Analog Input Overvoltages: 16: ad DIP. g2s8hi0bsaaea serous 85.5°C/W 24.3°C/W 
ANS 552% Sisson e hee Ra By ere dees +VSUPPLY +1.5V 16 Lead Flatpack..............e cues 85.0°C/W 11.5°C/W 
OVS Gis Bee ot Oe eReader ee eawaGis -VSUPPLY -1.5V___ Transistor Count ....... Weta ase ainae sew ee see oe ees 80 
Digital Input Overvoltage: Total Power Dissipation: 
OVA soacosl vena ea tee e ee es Makan ghe ete Sous) +VSUPPLY +4V TA RIN es doe retaegeueus ee ae nee een 588mW 
EVA. Sis shSalt eeu ee ee ata Ow ions GEREN -VSUPPLY -4V) + 16 PINs dveteie ise eto wies Veal Cease sawed 685mW 
Peak Current, S or D Pulsed at 1ms, 10% Duty Cycle Max...40mA ESD Classification. ....... 0... cece eee ce ere eee e eens Class 1 
Continuous Current ......... 0c ccs e cece eee ree ee 10mA 
Storage Temperature Range ...............-- -65°C to +150°C 
Junction Temperature... 2... ce ccc cece ee eee +175°C 
Lead Temperature (Soldering 10s) ............0ceeeeeee < +300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Supply Voltage (t VSupply)................2 000. +15V Operating Temperature Range ................ -55°C to +125°C 


TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


| LIMITS 
| | | nn © pkimits | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


“Switch On” Resistance +RDS | VD=10V,IS=-10mA, re ee ee 
ere a 55°C to 125°C | - 

Ce 
ce 
Pave a 


“J ~“ 
o or 


Leakage Current Into the 


+IS(OFF) | VS = +14V, VD = -14V, i ae 
Source Terminal ofan $1/S2/S3/S4 | 
“Off Switch . a ee 
7 | “IS(OFF) VS = -14V, VD = +14V, Le atl 
$1/S2/S3/S4 ae ae 
FID(OFF) = -14V, VD = +14V, ee ae 
SiS 28 
| { 
| S1S2/Sa/S4 | 2,3 | -55°C to +125°C 
Leakage Current from an | +ID(ON) | VS =VD = +14V, S1/S2/S3/S4 ee ae 
| | | 2,3 | -55°C to +125°C 
ee 7 
oe eee 


_ 
© 
io) 


Leakage Current into the 
Drain Terminal of an “Of? 
Switch 


+25 
“On” Driver Into the Switch 
(Drain & Source) | . 
--ID(ON) | VS = VD = -14V, $1/S2/S3/S4 
a -55°C to +125°C 
Low Level input Address JAL All Channels VA = 0.8V +25 
-Current 


<s 

cae 

Ee 

| -100 | 

| 2 | 

e100) 
ae ee 
al 
ee 
= 

ae! 

eee 

oles. 


-55°C to +125°C : 
Positive Supply Current All Channels VA = 0.8V 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


oO 
co) 
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Specifications HS-3XXRH/883S — 


TABLE 1. HS-302RH/303RH/384RH/390RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V (Continued) 


. - | LIMITS 
| GROUP A . 
- PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


rant [wax | uns 
Negative Supply Current All Channels VA = 0.8V a ee ee ee 

| 28 | sectostasec | 100 | = |_| 
icicle aba | 23 | serctost2sec | -100 | = | nA 


TABLE 1..HS-306RH/307RH/883S DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V-= -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


LIMITS . 
‘PARAMETER SYMBOL | | CONDITIONS Ros TEMPERATURE | MIN. | MAX. | UNITS : 


GROUP A 
SUBGROUPS 
Swick OF Ressancs | FOS [Watov.is=toma, | 1 | wee | - | | a 


+RDS VD = -10V, IS = 10mA, +25°C 
1 4 : 
| een -55°C to +125°C 
Leakage Current Into the | +IS(OFF) | VS = +14V, VD = -14V, 
$1/S2/S3/S4 


+25°C 
Source Terminal of an 
“Off Switch -55°C to +125°C 
-IS(OFF) | VS =-14V, VD = +14V, . 
, $1/S2/S3/S4 


+25°C 
+ID(OFF) | VS =-14V, VD = +14V, 
| S$1/S2/S3/S4 : 


-55°C to +125°C 
+25°C 
-ID(OFF) | VS = +14V, VD =-14V, 
SV/SYSVS4 


-55°C to +125°C | 
+25°C 
; -55°C to +125°C 
+ID(ON) | VS = VD = +14V, S1/S2/S3/S4 +25°C 
i | -55°C to +125°C 
-ID(ON) VS = VD = -14V, S1/S2/S3/S4_ | 1 

Low Level Input Address TAL All Channels VA = 3.5V 

Current | | 
High Level Input Address IAH — | All Channels VA = 11V | 

Current | : 
Positive Supply Current All Channels VA = OV | 


3] 5 
>] >i] > 


> 


Leakage Current into the 
Drain Terminal of an “Off” 
Switch 


ae i) 
>| > 


Leakage Current from an 
“On” Driver Into the Switch 
(Drain and Source) 


-55°C to +125°C 
+25°C 
-55°C to +125°C 
+25°C. 
-55°C to +125°C 
+25°C 
-55°C to +125°C 

425°C 
-55°C to +125°C | -100 
+25°C | 
-55°C to +125°C 


PEPE altellellalelalelalel | 
{>| [5/5] [5] [5] [5]=]5[=)5]=] |=) |= 


+25°C 
“55°C to +125°C 
All Channels VA = 15V 
All Channels VA = 0V 
All Channels VA=15V | 


+25°C 
3-28 


Negative Supply Current 


‘ 
=~ 
oO 


PEEPS 


Specifications HS-3XXRH/883S 


TABLE 2. HS-302RH/303RH/384RH/390RH/883S AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = OV 


GROUP A 
PARAMETER SYMBOL SUBGROUPS | TEMPERATURE 


Break-Before-Make Time | TOPEN | RL=300Q, CL = 33pF, 


eg 
ill a ec ecto a 
waked Taal | 2a are | 
CR Eo ee 

eee a ee 

eee 


Switch Turn “Off Time TOFF | AL=3000, CL = 33pF, 
VS = +3V 


10, 11 -55°C to +125°C 


TABLE 2. HS-306RH/307RH/883S A.C. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. Unless Otherwise Specified: V- =.-15V, V+ = +15V, VAH = +15.0V, VAL = 0V 


GROUP A 

PARAMETER SYMBOL SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 

Break-Before-Make Time | TOPEN | RL =300Q, CL = 33pF, a ee 
Delay (HS-307RH Onl VS = +3V 

cceioaieinns [a [aster] 

Switch Turn “On” Time TON | AL=3000, CL =33pF, +25°C eg 
VS = +3V 

oe7e | 55°C 0 +125°C | - | 

Switch Turn “Off Time TOFF | RAL=300Q, CL = 33pF, [el 

VS = +3V Leal 


ee 
TABLE 3. HS-302RH/303RH/306RH/307RH/384RH/390RH/883S ELECTRICAL PERFORMANCE CHARACTERISTICS (NOTE 1) 


-55°C to +125°C 
Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V, VAL = OV 
HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +15.0V, VAL = OV 


ccs 
aa i 
Sc Co a Ee 

[cos |wensneabrnwane [| are 
ie = 

ie an ie 


Off Isolation VISO | VGEN = 1Vp-p, f = 1MHz - 
Crosstalk | VCR | VGEN = 1Vp-p, f = 1MHz 
Charge Transfer VCTE VS = GND, CL = 0.01pF 


NOTE: 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These 
parameters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by char- 
acterization based upon data from multiple production runs which reflect lot to lot and within lot variation. 
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Specifications HS-3XXRH/883S 


‘TABLE 4. HS-302RH/303RH/384RH/390RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS 
~ Tested Per Mil-Std-883. Unless Otherwise Specified: HS-302RH/303RH/384RH/390RH/883S V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 
= HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


| | LIMITS 
_ PARAMETER. SYMBOL - CONDITIONS __ | TEMPERATURE 


eel PPL op] elsif blll 


[0s [vo=0W6=10na sisoeaee | _2ero 
= -14V, VD = +14V, S1/S2/S3/S4 é 


pam 
> 


| Leakage Current Into the Source 
Terminal of an “Off Switch : 


= 
> 


-IS(OFF) | VS 
3 S 


> 


Leakage Current into the Drain 
Terminal of an “Off Switch 


a | a — 
oO}; Oo So 
o;lfro;oto 


ele] ells] || [a] la]a]elalalelels 


; | +2 
= -10V, +2 
= , VD = +2 
= ,VD= +2 
: 
: 
= ; +2 
+2 
+2 
+2 


Leakage Current from an “On” 
Driver Into the Switch (Drain & 
Source) 


-ID(ON) | VS =VD=-14V,S1/S2/S9/S4 -100 


Positive Supply Current 


44)‘ | AllChannels VA=0.8V re ae 


Negative Supply Current 


RL = 300Q, CL = 33pf, VS = +3V 
(Note 1)- 


50 


VA1 = OV, VA2 = 4.0V and 25°C 
VA1 = 4.0V, VA2 = OV 
Break-Before-Make Time Delay - TOPEN 


VA1 = OV, VA2 = 4.0V and 425°C 
VA1=4.0V,VA2=0V 
| | High Level Address Current All Channels High | 
| . IAL 
(HS-303RH/883S and HS390RH/883S 
Switch Turn-On Time RL = 3000, CL = 33pf, VS = +3V (Note 1 


pe All Channels VA = 0.8V | 
_ | Low Level Address Current A All Channels Low | 
Only) 
) 
Switch Turn-Off Time TOFF | RL=3009, CL=33pf, VS = +3V (Note 1) 


NOTE: 1. VAL = OV; VAH = 4.0V 


pee _ TABLE 4. HS-306/307RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS __.. 
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


| ] 7 | | LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 


“Switch On” Resistance VD = 10V, IS =-10mA, S1/S2/S3/S4 
| | | -RDS | VD =-10V, IS = 10mA, S1/S2/SH/S4 


UNITS 


= 
> 


Leakage Current Into the Source VS = +14V, VD = -14V, $1/S2/S3/S4 
Terminal of an “Off” Switch . 
Leakage Current into the Drain +ID(OFF) 
ee er VS = +14V, VD = -14, S1/S2/Sa/S4 
Leakage Current from an “On” 


Sey ners 
Positive Supply Current (+) 
nomen Galh oe wee 

Oe ee 


pe | 
> 


| -{-le| efa]e/3] |e lela § 
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Specifications HS-3XXRH/883S 


TABLE 4. HS-306/307RH/883S DC POST 100K RAD (Si) ELECTRICAL CHARACTERISTICS 
Tested Per Mil-Std-883. Unless Otherwise Specified: HS-306RH/307RH/883S V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 


High Level Address Current All Channels High | 
Low Level Address Current IAL All Channels Low 


Break-Before-Make Time Delay TOPEN [{ RL=300Q, CL = 33pf, VS = +3V +25°C 

(HS-307RH/883S Only) (Note 1) 

Switch Turn-On Time TON RL = 300Q, CL = 33pf, VS = +3V —— -+25°C 
(Note 1) 

Switch Turn-Off Time TOFF RL = 300Q, CL = 33pf, VS = +3V +25°C 
(Note 1) 


TABLE 5. HS-302RH/303RH/384RH/390RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +4.0V, VAL = 0.8V 


. . LIMITS 
GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
“Switch On” Resistance +RDS VD = 10V, IS = -10mA, +25°C 
S1/S2/S3/S4 
VD = -10V, IS = 10mA, +25°C 
S$1/S2/S3/S4 
+IS(OFF) | VS = +14V, VD =-14V, { +25°C 
$1/S2/S3/S4 
+, 


EEE 


UNITS 


+1 


+1 


PS 
8 8] el: |-8 


UNITS 


o& 
”) 
co 
uw Ww 
oe 
=~ 
= = 
AO 
= 
= 


> 


Leakage Current Into the 
Source Terminal of an 
“Off? Switch 


> 


--IS(OFF) | VS =-14V, VD = +14V, +25°C 
$1/S2/S3/S4 
+ID(OFF) | VS =-14V, VD = +14V, 
$1/S2/S3/S4 
-ID(OFF) | VS = +14V, VD =-14V, 
S1/S2/S3/S4 


VS = VD = +14V, $1/S2/S3/S4 
“On” Driver Into the Switch 
(Drain & Source) -ID(ON) | VS = VD =-14V, $1/S2/S3/S4 


Low Level Input Address IAL All Channels VA = 0.8V 
Current 
High Level Input Address. 1AH All Channels VA = 4.0V 
Current 


Positive Supply Current All Channels VA = 0.8V 


> 


Leakage Current into the 
Drain Terminal of an “Off” 
Switch 


Leakage Current from an 


i 


| +25°C 


=} 
> 


VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


All Channels VA = 0.8V 
VA1 = OV, VA2 = 4.0V and 
VA1 = 4.0V, VA2 = OV 


Negative Supply Current 
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TABLE 5. HS-306RH/307RH/883S DC POST BURN-IN DELTA ELECTRICAL CHARACTERISTICS 
Guaranteed, Per Mil-Std-883. Unless Otherwise Specified: V- = -15V, V+ = +15V, VAH = +11.0V, VAL = 3.5V 


= | | | GROUPA | | 
"PARAMETER SYMBOL | CONDITIONS _ SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
“Switch On” Resistance +RDS | VD=10V,IS =-10mA, . 425°C Q- 
S1/S2/S3/S4 : | 
| | VD=-10V,IS=10mA, > 425°C 
S1/S2/Sa/S4 


VS = +14V, VD =-14V,, +25°C nA 
$1/S2/S3/S4 


+IS(OFF) 
VS =-14V, VD = +14V, | 


| -IS(OFF) = 
S1/S2/S3/S4 
+ID(OFF) | VS=-14V, VD=+14V, | +25°C 
S1/S2/S3/S4 
-ID(OFF) | VS = +14V, VD =-14V, +25°C 
a ye S1/S2/S3/S4 | 


+ID(ON) | VS =VD = +414V, S1/S2/S3/S4 


Leakage Current Into the 
Source Terminal of an 
“Off Switch 


= 
> 


+25°C 


> 
> 


Leakage Current into the 
Drain Terminal of an “Off 
Switch 


3 
> 


=) 
> 


+25°C 
+25°C 


Leakage Current from an 
“On” Driver Into the Switch 


(Drain & Source) | ID(ON) | VS= VD =-44v, Su/szisa/s4 aa 
Low Level Input Address | IAL All Channels VA = 3.5V | 
Current . 
High Level Input Address [AH All Channels VA = 11V . 
Current | . - 
0) 


+25°C 
+25°C © 


+25°C 
+25°C 
+25°C 
+25°C 


Positive Supply Current (+) 
ee 
: 


© 
So 


Sa A a eM 


MIL-STD-883 TEST REQUIREMENTS = —_| GROUP ASUBGROUPS PER METHOD 5005 (SEE TABLES 1 & 2) 


Interim Electrical Parameters (Method 5004) ED 


| Final Electrical Test Parameters (Method 5004) 1, 2, 3, 9, 10,11 (Note 1) 


7, 8A, 8B (Functional Tests) 
Group A Test Requirements (Method 5005) . 
‘Group B5 End-Point Electrical Parameters (Method 5005) - | | 1,2, 3, 9, 10, 11 (Note 2) 
(Class S Only) 8 | - 
Group B6 End-Point Electrical Parameters (Method 5005) . | a | 
| (Class S Only) | . : , 


Group E2 End-Point Electrical Parameters (Method 5005) | 4, 7 (Note 3) 


1. PDA applies to subgroup 1 and delta limits. 
2. Subgroups 1, 2, 3 are datalogged; 9, 10 & 11 are go-no-go tests. 
3. Endpoints are datalogged pre- and post-irradiation testing. 
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Irradiation Circuits 


NC 


R13 RI 


: 


m8 
HERE 
ma 


HS-302RH/303RH/883S 


Ri - R8.= 10kQ + 5%, 1/4W 
V1=+15V + 10% 

V2 =-15V + 10% 

V3 = +5V + 10% 


NC 


Ei 
g 


tai 


8 
= 


HS-306RH/307RH/883S 


R1 - R8 = 10kQ + 5%, 1/4W o% 
V1 =+15V + 10% 7) 
V2 =-15V + 10% ir a 
V3 = +12V + 10% << 
lu © 
a 
Es 
wa) 
— 
= 


HS-384RH/390RH/883S 


Ri - R8 = 10kQ + 5%, 1/4W 
V1=+15V + 10% 

V2 = -15V + 10% 

V3 = +5V + 10% 


HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Burn-In Circuits 


STATIC CONFIGURATION STATIC CONFIGURATION 
HS-302RH/303RH/306RH/307RH/883S HS-384RH/390RH/883S 
R = 10KQ + 5%, 1/4W (4 per position) R = 10KQ + 5%, 1/4W (4 per position) 
C = 0.01,F minimum (per position) or 0.1,.F minimum per row C =0.01pF minimum (per position) or 0.1p.F minimum per row 
D = IN4002 (or equivalent) D = IN4002 (or equivalent) 
+V = +15.5V + 0.5V, -V = -15.5V + 0.5V +V = +15.5V + 0.5V, -V = -15.5V + 0.5V 
VA +15.5V + 0.5V for 306RH/307RH VA = +5.5V + 0.5V 


VA = +5.5V + 0.5V for 302RH/303RH 


DYNAMIC CONFIGURATION i DYNAMIC CONFIGURATION 


HS-302RH/303RH/883S HS-306RH/307RH/883S 
R= 10KQ + 5%, 1/4W (4 per position) R = 10KQ + 5%, 1/4W (4 per position) 
C = 0.01pF minimum (per position) or 0.1p.F minimum per row C = 0.01pF minimum (per position) or 0.1.4F minimum per row 
D = IN4002 (or equivalent) D = IN4002 (or equivalent) 
F = 100kHz square wave, 50% duty cycle, F = 100kHz square wave, 50% duty cycle, 
VL = 0.8V, VH = 5.5V VL = 0.8V, VH = 15V 
+V = +15.5V + 0.5V, -V = -15.5V + 0.5V +V = +15.5V + 0.5V, -V =-15.5V + 0.5V 
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HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Burn-In Circuits (Continued) 


DYNAMIC CONFIGURATION 
_HS-384RH/390RH/883S 


R = 10KQ + 5%, 1/4W (4 per position) 
C =0.01pF minimum (per position) or 0.1.F minimum per row 
D = IN4002 (or equivalent) 
F = 100kHz square wave, 50%.duty cycle, 
VL = 0.8V, VH = +5.5V - 
+V = +15.5V + 0.5V, -V = -15.5V + 0.5V 


Test Circuits 
SWITCHING TEST CIRCUIT (tON, tOFF) 


SWITCH TYPE VINH 
HS-302RH/303RH/384RH/390RH/883S | 
HS-306RH/307RH/883S 


SWITCHES 


LOGIC “1” = SWITCH ON 


VINH 
SWITCH LOGIC INPUT 50% 50% 


OUTPUT OV 


MULTIPLEXERS & 


7 : 4 
SWITCH OUTPUT 1 of et tOFF  i~<— 


BREAK-BEFORE-MAKE TEST CIRCUIT (tBBM) 


SWITCH TYPE | VINH 
HS-303RH/390RH/883S 


LOGIC “1” = 
SWITCH ON 


RL1 = RL2 = 3000 
Loic aut uN [ [ CL1 = CL2 = 33pF 


ON RESISTANCE TEST CIRCUIT ON LEAKAGE CURRENT TEST CIRCUIT OFF LEAKAGE CURRENT TEST CIRCUIT 
(RON) (IDON) (ISOFF, IDOFF) 


ID(OFF) 2 A IS(OFF) 


¥44V +14V — 


rT ‘il 


VA VB 


+10V = ¥10mA 


HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

' Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 

. Customer Pre-Cap Visual Inspection (Notes 1, 2) | | 
Temperature Cycling Method 1010 Condition C 

~ Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 

X-Ray Inspection Method 2012 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C method 1015 Condition A 
. Room Temperature Electrical Tests (T1) | 
Burn-In Delta Calculation (TO-T1) 


NOTES: 


-PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method:1015 
Condition D | 


Electrical Tests Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C | 
Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 


Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 


Test Attributes (includes Group A) -55°C, +25°C, +125°C 


Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
- Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 


+25°C Initial Test 

+25°C Interim Test 1 
+25°C Interim Test2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test. Group D data package contains Attributes only. 


3-36 


HS-302RH/303RH/306RH/307RH/384RH/390RH/883S 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
Die Size: 2130 x 1930 Material: Gold 
_ Die Thickness: 11 +1 mils Temperature: Sidebrazed Ceramic DIP - 450°C + 10°C (Max) 
: re) 0 
METALLIZATION: Cerpack - 450°C + 10°C (Max) 
Type: Al, 12.5kA + 2kA WORST CASE CURRENT DENSITY: 1.732e05 A/cm? 
Back: Gold SUBSTRATE POTENTIAL: Unbiased 
GLASSIVATION: LEAD TEMPERATURE (10s Soldering): <275°C 
Type: SiOz PROCESS: DI Linear Metal Gate CMOS 


Thickness: BkA +1 kA 


_ Metallization Mask Layout 


HS-302RH/303RH/306RH/307RH/883S 


MULTIPLEXERS & 
SWITCHES 
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OPERATIONAL 
AMPLIFIERS 


FARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features 


¢ Radiation Environment 
- Gamma Rate (7) 1 x 10° RAD(SiVs 
- Gamma Dose (7) 1 x 10° RAD(SI) 


High Slew Rate >122V/is 
¢ Fast Settling Time 130ns 
Unity Gain Bandwidth (Typ) 12MHz 
Low Offset Voltage t3mV 


¢ Low Power Supply Current 6.5mA 


¢ Dielectrically Isolated Device Islands 
Description 


The HS-3516RH is a monolithic, high slew rate, wideband, 
radiation resistant, operational amplifier. It provides a band- 
width (unity gain stable) of greater than 10MHz and a slew 
rate in excess of 22V/ms. Optional frequency compensation 
adjustment is provided. The HS-3516RH has an internal 
unity gain frequency compensation capacitor which is 
internally connected. A clamp node feature enables the user 
to clamp the output voltage via pin 3 which can source or 
sink up to 3mA for high frequency clamped switching 
purposes. “ 


This device is designed to operate from -55°C to +125°C 
and in both space and strategic-level radiation environments. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HS-3516RH 


High Slew Rate, Wideband, 


‘Radiation Hardened, Operational Amplifier 


Pinout 


HS9-3516RH 14 PIN CERAMIC FLATPACK 
CASE OUTLINE F2, CONFIGURATION 2 


TOP VIEW 
NC BW2 
NC NC 
VCLAMP BW1 
-N +V 
+IN OUTPUT 
-V NC 
NC NC 
Functional Diagram 5 
<n 
zc 
Ow 
BW2 p LL 
: <3 
ce 
Q. 
Oo < 
/=VIN 
o VOUT 


+VIN © 


File Number 3023 


PARAMETERS 


Specifications HS-3516RH 


Absolute Maximum Ratings | Reliability Information 


Voltage Between V+ and V- Terminals .............0eeeeee 40V ‘Thermal Resistance Gia + 
Differential Input Voltage. .... eee eet ee ee ee er eee 7V Ceramic CERPAK ...........eeceees 82°C/W 16.9°CW 
Voltage at Either Input Terminal ..............00e cece V+toV- Package Power Dissipation at +75°C for TJ < +175°C . 

Output Short Circuit Duration (Note 5)...............- Indefinite Ceramic PACKaAge «iis ca strewn a haan’ BAe dia aise nse eeigres 1.2W 
Junction Temperature (TJ) ...... cece cc eee cee eees +175°C Package Power Dissipation Derating Factor Above +75°C | 
Storage Temperature Range ...............6- -65°C to +150°C Ceramic Package ...... attend aust: stat ahaha wea artes 12.2mW/C 
BSD Faun soc boa Ses he away ede Ralheee cee <2000V 

Lead Temperature (Soldering 10s)............ceceecees 275°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Operating Conditions 


Operating Voltage Range....... pedis dibake ed aarecutiues +5V to+15V -VINcms '/,(V+ = V-) 
Operating Temperature Range..............6. -55°C to +125°C }=9RL22kQ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 100, RLOAD = 500kQ, VOUT = OV. Unless Otherwise Specified. 


GROUP A 
SYMBOL CONDITIONS UBGROUP | TEMPERATURE 
VIO 


+25°C 
+125°C 
-55°C 

- +25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 


LIMITS 


| 
, 


UNITS 


3 


< 


10 


ro) 
3 
< 


> 


VCM = OV, +RS = 10kQ, 
-RS = 100Q 


pe | 
> 


as ]5 
>| > 


VCM = OV,+RS = 100Q, 


2 


=] 


> 


VCM = OV,+RS = 10kQ, 
-RS = 10kQ 


+CMR-_— | V4 =45V, V- = -25V 
V+ = 25V, V- = -5V 


Ss 
1 
1 . 
Input Offset Current 1 
1 


a 
| 3s 
he 
Common Mode Range 
10 
| 2,3 | +128°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C 
-55°C 


>) 


Large Signal Voltage 
Gain 


+AVOL VOUT = OV and +10V 
RAL = 2kQ 
-AVOL VOUT = OV and -10V 
RL = 2kQ 
+CMRR AVCM = +10V, +V = +5V, 
-V = -25V, VOUT = -10V 
-CMRR AVCM = -10V, +V = +25V, 
-V = -5V, VOUT = +10V 
+VOUT RL = 2kQ 


Common Mode 
Rejection Ratio 


Output Voltage Swing 


Cape ore fe 
31s Sls 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1009, RLOAD = 500kQ, VOUT = OV. Unless Otherwise Specified. 


| | GROUP A 
PARAMETERS SYMBOL | CONDITIONS SUBGROUP 


Output Voltage Swing -VOUT RL = 2kQ 


(Continued) 
+1OUT VOUT = -10V 
-IOUT VOUT = +10V 


+ICC VOUT = OV, IOUT = OmA 


LIMITS 


UNITS 
V 


TEMPERATURE 
+25°C 
.  +125°C 
-55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
25°C 
+125°C 
-55°C 
| +25°C 
+125°C 
-55°C -8.7 
+25°C 
+125°C, -55°C 


-11.0 


<|< 


{ 
12 


Nh 


1 

Output Current 1 
2,3 

1 


Quiescent Power 
Supply Current 


© 
N 


S ° 
— ¢ ¢ ¢ ‘ & ¢ 
on a 

3 

> 


VOUT = OV, IOUT = OmA 


-ICC 


=| 


+PSRR AVSUP = 10V, 
+V = +10V, -V = -15V, 


+V = +20V, -V =-15V 


AVSUP = 10V, 
+V = +15V, -V = -10V, 
+V = +15V, -V = -20V 


lOSC VOUT = 0V 


Power Supply 
Rejection Ratio 


+25°C 
2,3 +125°C, -55°C 


-PSRR 


+25°C 4 
+125°C 
-55°C 


+25°C -0.4 


Output Short Circuit 
Current 


pe 
a 
3 
> 


> 


ws 


fo) 
bh 


Output Clamp Voltage 
‘Tolerance 


VOCi+ | VIN=1V, VCLAMP =-3.0V, 
VOC1+ = VOUT - VCLAMP 


VOC2+ VIN = 1V, VCLAMP = -6.0V, 
VOC2+ = VOUT - VCLAMP 


VOC1- VIN =-1V, VCLAMP = 3.0V, 
VOC1- = VOUT - VCLAMP 


VIN = -1V, VCLAMP = 6.0V, 
VOC2- = VOUT - VCLAMP 


VIN = -1V, VCLAMP = 3.0V 


+25°C -0.4 


fo) 
> 


: +25°C -0.4 


© 
> 


VOC2- +25°C -0.4 


ICNL- +25°C -3.3 mA 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 


Input Clamp Current 


3 
> 


mA 
mA 


-0.30 
-0.25 


3.5 — 


ICNH- VIN = -1V, VCLAMP = 6.0V -3.3 


3 
> 


mA 
mA 


-0.30 
+3.0 
+3.0 mA 
+3.2 mA 
+3.0 mA 
+3.0 mA 
+3.2 mA 


ICNL+ VIN = 1V, VCLAMP = -3.0V +0.5 
+0.3 
+0.3 
+0.5 
+0.3 


+0.3 


ICNH+ VIN = 1V, VCLAMP = -6.0V 


oo 
a) 
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PARAMETERS | SYMBOL CONDITIONS NOTES TEMPERATURE 


Specifications HS-3516RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V, RSOURCE = 509, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified. 


| ji LIMIT 
7 GROUP A 
_ PARAMETERS SYMBOL | - CONDITIONS SUBGROUP | TEMPERATURE | MIN. | UNITS 


[| MAX | 
Sedna ee CL er ee a ee ee Be 
ee ee ee Ee ee 


TR VOUT = OV to 1V, 4 +25°C 
10% <TR<S90% 
TF VOUT = OV to -1V, 4 +25°C 
| . 10% < TF < 90% 


. TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = +15V, RLOAD = 2kQ, CLOAD = 100pF, AVCL = +1V/V, Unless Otherwise Specified. 


Rise and Fall Time 


LIMITS 


UNITS 


Ls 
Ls 
Q 
z 
W 
(+) 
(o] 
Zz 


Can 
Misall al Se 


are | 0 


Differential Input VCM = OV 
Resistance 

Minimum Closed Loop CLSG RL = 2kQ, CL = 50pF’ -55°C to +125°C +1 
Stable Gain 


pL [kee | 
{ed Moll inland MIN stl a 
Quiescent Power VOUT = OV, IOUT = OmA -55°C to +125°C 195 
Exmoor” |S [Mursowteunsuma | te [Beemer ee 
es cee oe ce au 
a Lote 


ee 
Gain Bandwidth GBWP © fO = 1MHz, VO = 200mvV, 
Product . AVCL = 10 V/V 


1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization | 
based upon data from multiple production runs which reflect lot to lot and within lot variation. 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK). 
. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 
. Overdrive recovery time is the time required for the device to return to linear operation after being overdriven into saturation. 


Vi 
V/ 
M 
kH 
VIV 
m 
% 
% 


nth WwW NY 


. Caution: Continuous long duration output short-circuit operation may degrade the operating life of the device. 
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TABLE 4. POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Open Loop Voltage Gain AVOL _ | VSUPPLY = +15V, ISET = 15pA a ee 
Input Offset Voltage | MIO | VSUPPLY = +15V, ISET =.15pA. a ee 45 
| 2 | -400 | 


VIO z = 
Input Bias Current VSUPPLY = +15V, ISET = 15pA -400 
a8 [SUPPLY = 8), = TA 700 | 200 


TABLE 5. BURN-IN DELTA PARAMETERS GROUP B, SUBGROUP 5 (Ta = +25°C) 


PARAMETERS DELTA LIMITS 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD Q SUBGROUPS 


waa 
= 
 & 
ee g 3 
co 
Final Test 100%/5004 1,2, 3,4,5,6 a = 
e) 


eS er 


HS-3516RH 


Test Circuit 


; 10K 


OPEN2 ° 


5K 


50K 


Simplified Test Circuits and Waveforms 
SLEW RATE CIRCUIT 


© VOUT 
VIN © 


OVERSHOOT, RISE/FALL/SETTLING TIME CIRCUIT 


o VOUT 
VIN © 


ACOUT 


FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 


500K 
500K 
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All Resistors= + 1% (Q) 
All Capacitors= + 10% (pF) 


SLEW RATE WAVEFORMS 
+3.0V -_—_—— 
| INPUT : | 
gov 
+SL “SL 
+ 3.0V 
495 oSSo2 a +3.0V 
OUTPUT 
-2.5 ee ee : . 
-3.0V ! : ! -3.0V 
‘ ‘ e e 
AT SR= AV AT 


OVERSHOOT, RISE/SETTLING TIME WAVEFORMS 


1.0V +5% 


eee WITHIN +5% OF 

SETTLED VALUE 
VIN ey ee ae — 
+0.05V 
-0.00V 
—10% 
VOUT wf | 
—t>  |\<— RISETIME | 
‘ ' 

aicad <——-_ SETTLING TIME 


HS-3516RH 


Simplified Test Circuits and Waveforms (continued) 
VOLTAGE CLAMP CIRCUIT 


vin ° VOUT 


VCLAMP ¢ 


Burn-ln Circuit Irradiation Circuit 
+15V 
VIN us SV 


OPERATIONAL 
AMPLIFIERS 


NOTES: 

I(+V) - (-V)l = 31V +1V 

VIN = 50kHz Square Wave, 50% Duty Cycle, -3.0V to +3.0V 
(All Tolerance +10%) 

R1 = 47kQ, 5% '/,W (Min) 

R2 = 5100, 5%, '/,W (Min) 

C1 = C2 =0.01pF (Min) 

D1 = D2 = IN4002 or Equivalent/Board 


Se 
70 


BW1 


VOLTAGE BW2. 
CLAMP 


RLIM 3 
50Q, N+ 


RL1M5 
502 


JIJEUIBYIS 


HU9LSE-SH 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Water Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


NOTES: 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: Assembly Attributes (post seal) 


Test Attributes (includes Group A) -55°C, +25°C, +125°C 


Shippable Serial Number List 


HS-3516RH 


Static Burn-In 240 Hours, +125°C Method 1015 
Condition A 


Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-In Delta Calculation (TO - T1) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 


Data Package Generation (Note 3) 


OPERATIONAL 
AMPLIFIERS 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 


+25°C Initial Test 
+25°C Interim Test 1 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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Metallization Topology 
DIE DIMENSIONS: 


> 
bass. iy 
g 5 
= a 
SF xc 
= Li 
2 = 
UJ oO ne 
a ag & > 
be J , 
bag ® § 
cs ae 
on i) 
5 & ra 
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ny) '2 ns 
GO. % <= ae 
ash Ox tO O 
2 oO WW 
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e rar 
= +H a 
© of S 
N . +H 
=z 2 3s 
Oo N x 
aa ae 4 
a <_ 8 ESB 
x N< qo 
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<= 
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Metallization Mask Layout © 


HS-3530RH 


Low Power, Radiation Hardened 
Programmable Operational Amplifier 


SEMICONDUCTOR 


M HARRIS 


December 1992 
Features Pinout 
¢ Radiation Environment HS2-3530RH 8 PIN METAL CAN 
- Gamma Rate (7) 1 x 10° RAD (SIV/s TOP VIEW 
- Gamma Dose (1) 1 x 10° RAD (SI) 
e Wide Range AC Programming 
- Slew Rate 0.06 to 3V/us Se ane 
- Gain X Bandwidth 100KHz to 5.0MHz 
INVERTING 
e Wide Range DC Programming INPU 


- Power Supply Range +3.0V to +15V 
e Supply Current 10LA to 1.2mA 


Dielectrically isolated Device Islands 
e Short Circuit Protection 


Description 


The HS-3530RH is a Low Power Operational Amplifier which 
is an internally compensated monolithic device offering a 
wide range of performance specifications. Parameters such 
as power dissipation, slew rate, bandwidth, noise and input 
DC parameters are programmed by selecting an external 
resistor or current source. Supply voltages as low as +3 volts 
may be used with little degradation of AC performance. The 
HS-3530RH has been specifically designed to meet 
exposure to space radiation environments. Operation from -55°C 
to +125°C is guaranteed. | 


A major advantage of the HS-3530RH is that operating 
characteristics remain virtually constant over a wide supply 
range (+3V to +15V), allowing the amplifier to offer maximum 
performance in almost any system, including battery 
operated equipment. A primary application for this device is 
in active filtering and conditioning for a wide variety of 
signals that differ in frequency and amplitude. Also, by 
modulating the set current, it can be used for designs such 
as current controlled oscillators/modulators, sample and 
hold circuits and variable active filters. 


NOTES: 
1. Case tied to V-. 
2. Compliant to MIL-M-38510, package outline A-1. 


Functional Diagram 


+V 
OFFSET 
NULL 2 


ISET. 


OFFSET 
NULL 1 


OPERATIONAL 
AMPLIFIERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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Specifications HS-3530RH 


Absolute Maximum Ratings | _ Reliability Information 


Voltage Between V+ and V- Terminals....... See 40V__‘ Thermal Resistance Oia Bie 
Differential Input Voltage... 10... cc cece eee eee ees 20V Metal Can Package...............0- 75°C/W12°C/W 
Voltage at Either Input Terminal .......... 0... cece eee V+toV- Package Power Dissipation at +75°C for TJ < +175°C 

ISE DV (Currentat SET) <c¢-ssssecdedeuctscdeiaades dees 500A Metal Can Package .......... cece cece eee ec ence ceees 0.9W 
‘VSET (Voltage to GND at ISET)......... (V+ -2.0V) < VSET <V+ Package Power Dissipation Derating Factor Above +75°C - 
Output Short Circuit Duration (Note 1)..............6. Indefinite Metal Can Package ............... cece eee cen eneee 9mW/C 
Junction Temperature (TU)... 0... cc eee cece cee ees +175°C | 

Storage Temperature Range .............+.-. -65°C to +150°C 

ESD Rating............. isa Wash aiwessiva etanie areas Y <2000V 

Lead Temperature (Soldering 10 sec) ............00ceees 275°C 


* CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range..............6- -55°C to+125°C ~= VINcm s/n (V+ - V-) 
Operating Supply Voltage............ 0. ccc cece ee eee +8V tot15V RL22kV 


SUBGROUP | TEMPERATURE | MIN | MAX | MIN | MAX | UNITS 
ee ee ee ee ee 
ee 
A 

ases00a [ae awesome 
vou=ov, R= 1000 [1 | owe | | a fo | om 
sea | [ati | 5 eee be 
Large Signal #AVOL [VOUT=OVand+iov | 4 | sec [fo | - | so | - | ww 
-AVOL |VOUT=O0Vand-10v | 4 | +25 | 65 | - | 80 | - | kw 
Ne ie a8 | awe. | as | [oo | | ev 
Common Mode | +CMRR |avcM=+5v,+V=+iov] 4 | 425 | 80 | - J so | - [| aB 
Rejection Ratio -V = -20V, VOUT = -5V 2.3 +125°C, -55°C feo [ - | a | - | a 
Sapa verags | avOUT p+ se fes[ pest v 
al aS Se oe ee ee 
was6,a66 | |os| | 08] Vv 
agg) 2 a 
aR 
Quiescent Power| +4ICC |VvOUT=OvioUT=0oma | 1 | 2c | - | is J - | 150] pa | 
rd el i rc eo ce 
“es [woursoneuraomm | 1 | ase fs] - amp [oa 
Mies Asada seg es vce ae 
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_____. TABLE.1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS ~~ 


Specifications HS-3530RH 


TABLE 1A. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = +15V, RSOURCE = 1009, RLOAD = 500kQ, VOUT = OV, Unless Otherwise Specified. 


DC GROUPA |. 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE 


425°C 
+125°C, -55°C 


a 


Power Supply +PSRR_ | AVSUP = 10V 
Rejection Ratio +V = +10V, -V =-15V 
+V = +20V, -V = -15V 
AVSUP = 10V 
+V = +15V, -V = -10V 
+V = +15V, -V = -20V 
NOTE: 


1. RL =75Q at ISET = 1.5pA, RL = 5kQ at ISET = 15pA. 


425°C 
+125°C, -55°C 


TABLE 1B. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +3V, RSOURCE = 1000, RLOAD = 500kQ, VOUT = OV, Unless Otherwise Specified. 


DC 
PARAMETERS | SYMBOL CONDITIONS 
VIO 


Input Offset VCM = 0V | 
Voltage 
Large Signal +AVOL | VOUT = OV and +1V 
Note 1 
-AVOL | VOUT = OV and -1V 
Note 1 


Voltage Gain 
+CMRR_ | AVCM = +1.5V 
+V = +1.5V, -V = -4.5V 
VOUT = -1.5V 
425°C 


-CMRR_ [AVCM = -1.5V 
V = +4.5V, -V =-1.5V 
VOUT = +1.5V +125°C, -55°C 


+VOUT | Note 1 = ae 425°C . 


| LIMITS 
ISET = 1.5pA 


on 
a 
it 
= 
on 
' 


GROUP A 
SUBGROUP 


TEMPERATUR 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


Common Mode 
Rejection Ratio 


Output Voltage 
Swing 


-VOUT +25°C 
+125°C, -55°C 
+ICC | VOUT =0VIOUT=0maA +25°C 
+125°C, -55°C 
VOUT = OV IOUT = 0mA +25°C 15 
+PSRR_ | AVSUP = 1.5V 
+V =+3V, -V=-3V 
4V = 44.5V, -V =-3V 
NOTE: 


+125°C, -55°C 
1. RL =75Q at ISET = 1.5pA, AL = 5kQ at ISET = 15pA. 


Quiescent Power 
Supply Current 


—_a | om 
ata 


+25°C 
+125°C, -55°C 


Power Supply 
Rejection Ratio 


+25°C 
+125°C, -55°C 


DVSUP = 1.5V 
+V = 43V, -V =-3V 
+V = +3V, -V = -4.5V 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: RSOURCE = 50Q, CL = 100pF, AVCL = +1, RL = 5kQ, Unless Otherwise Specified. 


LIMITS 3 


ISET = 1.5pA | ISET = 15pA 


GROUP A. 
SUBGROUP 


AC a 
PARAMETERS | SYMBOL CONDITIONS 


VSUPPLY = +15V 


Slew Rate SR VOUT = -10V to +10V 

eee fsa [vou | 
: : , 
+ 


TEMPERATURE 


00 


ca 


Rise & Fall Time 


s/s 


VOUT = 0 to +400mV +25°C 
10% <TR <90% 

TF VOUT = 0 to -400mV +25°C 
10% < TF <90% 


+SR 
Z hal 
| 7 es 
os | 3]: | 
SR 
-SR 


i. 


Overshoot 


On 
i ee 
ee Ee ee 


: = 
= 

VSUPPLY = +3V 
co 


_| Slew Rate +SRo VOUT = -2V to +2V 
Nolet SR | VOUT = 2V to -2V 


NOTE: . 
1. RL =20Q at ISET = 1.5p:A. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 
Device Characterized at: RSOURCE = 50Q, CL = 100pF, AVCL = +1, Unless Otherwise Specified. 


. , | ) , LIMITS 
ISET = 1.5nA | ISET = 15 
SYMBOL CONDITIONS NOTES | TEMPERATURE UNITS 


Kall 


AC 
PARAMETERS 


VSUPPLY =+15V_ 


Differential Input VCM = OV 
Resistance 


Full Power Bandwidth | _FPBW | VPEAK = 10V 0.4 


Minimum Closed CLSG_ | RL=2kQ, CL = 50pF -55°C to +125°C | 
Loop Stable Gain , 


Output Resistance ROUT |OpenLoop aah re eee 


uh, 


oh 


4.8 


Quiescent Power PC VOUT = OV, IOUT = OmA -55°C to +125°C 
Consumption . 

Output Short-Circuit lOSC =| VOUT =0V +25°C - 
Current 


—_ 


on rm ah 
~ 
ol 
oO 


no 
N 


. 3 < = 


Gain Bandwidth GBwe | AVCL = 10v/V | 425°C kHz 
Product . VO = 200mV, fO = 10kHz | 
VSUPPLY = #3V | 

kHz 


Gain Bandwidth GBWP | AVCL= 10V/V : +25°C 
Product VO = 200mV, fO = 10kHz | 
NOTES: | . 

1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 


eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization 
based upon data from multiple production runs which reflect lot to lot and within lot variation. 


2. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK). 
3. Quiescent Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs). 
4. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device. 
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TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
DC PARAMETERS SYMBOL - CONDITIONS TEMPERATURE | MIN | MAX | 
Open Loop Voltage Gain AVOL VSUPPLY = +15V +25°C kV/V 
ISET = 15pA, AL = 25kQ 
Input Offset Voltage VIO VSUPPLY = +15V +25°C mV 
ISET = 15yA, RL = 25kQ 


TABLE 5. BURN-IN DELTA PARAMETERS GROUP B, SUBGROUPS 5 (Ty, = +25°C) 


PARAMETERS DELTA LIMITS 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD Q SUBGROUPS 


: 
fmeimtest =i tooo ge 
[pon «Yoo f. 
za 
Be 
a a . 
ae 


a 
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HS-3530RH 


Test Circuit 
—_¢ ACOUT | 7 4, 
- —¢ OVI 
100pF* | 
10K a 7 FOR LOOP STABILITY, 
USE MIN VALUE CAPACITOR 
TO PREVENT OSCILLATION 
500K 
° 500K 
OPEN2 0°. 2 = 
~~ a => 
2 
10K 2K Se ee 
a ef 100 |-- -100-— VAC ep ee mG -~ 
> 9 EOUT 
\/ \/ 
5K . . 2.83 
‘> *Includes Stray Capacitance 
“4 | ~~ All Resistors = + 1% (Q) 


50K | =F ee All Capacitors = + 10% (pF) 


Simplified Transient Response/Slew Rate Circuit 


2 VOUT 


Burn-ln Circuit Irradiation Circuit 
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PRERAD POSITIVE SUPPLY CURRENT 


Typical Performance Curves 


INPUT BIAS CURRENT vs SET CURRENT 


iis al 


Ge 
HH 
au 
=>; 
a. a. 
o a. 
Be 
>> 


1000 
0 
1 


(wt) INauYNO Alddns 


FITS 
III. 


(yu) LNSYHND Svia 


PRE-RAD 


SET CURRENT (1A) 


SET CURRENT (1A) 


GAIN BANDWIDTH PRODUCT vs SET CURRENT 


_ PRERAD LARGE SIGNAL VOLTAGE GAIN vs ISET 


SYSsISIId NV 


“IWNOILVYSd0 


VSUPPLY = +15V 
VSUPPLY = +3V 


SET CURRENT (1A) 


SET CURRENT (A) 


OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 


SLEW RATE vs SET CURRENT 


VSUPPLY = +15V 
T =+425°C 
1M 


100K 


a 
< 
a. 
w 
rae 
a. 


RLOAD (2) 


10K 


1K 


2 


@ VSUPPLY = +15V 


SR+ = SR- 
O VSUPPLY =13V 


SLEW RATE 


He ee, UWL 
Is 


Lh 
L nd 


(stl/A) 31VH M31S 


SET CURRENT (1A) _ 
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Typical Performance Curves (Continued) 
INPUT BIAS CURRENT vs TEMPERATURE 


BIAS CURRENT (nA) 


25 0 25 50 75 


100 125 


vcc ec 


D47 D48 


VEE IN 


AVOL (V/V) 


_ 1... TEMPERATURE (°C)-——- 
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OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 


200K 


100K 


Ve 


@ ISET=15pA 
O ISET=1.5pA 


enn? 
| 
_— 
ae 


~-50--25:COOsiHi(iCC100 125 
TEMPERATURE (°C) 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition c 
Constant Acceleration method 2001 Y¥1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 


HS-3530RH 


Static Burn-In 240 Hours, +125°C Method 1015 
Condition A 


Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-in Delta Calculation (TO - T1) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, D 


Electrical Test +125°C, -55°C 

Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 
Group D Inspection (Notes 2, 4) Method 5005 


Initial Electrical Tests (TO) External Visual Inspection Method 2009 


Data Package Generation (Note. 3) 


aa | 
St 
NOTES: Ow 
1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. re + 
2. These steps are optional, and should be listed on the purchase order if required. 17 = 
3. Data package contains: Assembly Attributes (post seal) 5 < 


Test Attributes (includes Group A) -55°C, 425°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance . 
Wafer Lot Acceptance Report (includes. SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 

+25°C Initial Test 

+25°C Interim Test 1 

+25°C Delta Over Burn-In 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
54 x 67 x 11.5mils a Material: Gold Silicon Eutectic Alloy 
(1370 x 1700 x 290m) > Temperature: Metal Can - 420°C (Max) 
METALLIZATION: . WORST CASE CURRENT DENSITY: | 
Type: Al | 0.544 x 10° A/cm? at 2.5mA 


Thickness: 12.5kA + 2kA SUBSTRATE POTENTIAL (POWERED UP): -V 


nae TRANSISTOR COUNT: 49 
Thickness: 8kA + 1kA . PROCESS: Complimentary Bipolar 


Metallization Mask Layout 
| HS-3530RH 


OFFSET NULL | 


-V 
(& PACKAGE) 


~ OFFSET NULL 


= 
_ 
Oo. 
- 
= 
Oo 
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FARRIS 


SEMICONDUCTOR 


tt 


December 1992 


Features 


e Radiation Environment 
- Gamma Rate (7) 1x 10° RAD (Si)/s 
- Gamma Dose (y) 1 x 10° RAD (Si) 
¢ Low Noise 
At 1kHz 3.5nV/VHz (Typ) 
At 1kHz 0.5pA/VHz (Typ) 
e Low Offset Voltage 3.0mV 
¢ High Slew Rate 2.5V/us (Typ) 
¢ Gain Bandwidth Product 6.5MHz (Typ) 
» @ Dielectrically Isolated Bipolar Technology 
¢ Single 5V Supply Capability 


Applications 


e High Q, Active Filters 

e Audio Amplifiers 

¢ Voltage Regulators 

¢ Integrators 

e Signal Generators 

* Voltage References 

e Space and Reactor Environments 


Description 


The HS-5104RH is a radiation hardened, dielectrically isolated bipolar 
monolithic quad operational amplifier that provides low noise opera- 
tion in a radiation hardened design. The predominant feature of the 
HS-5104RH is its excellent noise characteristics, typically only 3.5nVNHz 
and 0.5pA/VHz at 1kHz. This general purpose amplifier also offers an 
array of dynamic specifications ranging from a typical 2.5V/us slew 
rate and a 6.5MHz unity gain bandwidth to a minimum output drive 
Current of 10mA. 


The HS-5104RH shows almost no change in offset voltage after expo- 
sure to 100K rad(Si) gamma radiation, with only a minor increase in 
current. Complementing these specifications is a post radiation open 
loop gain in. excess of 40K. 


This impressive combination of features makes this amplifier ideally 
suited for a variety of applications such as active filter design, signal 
conditioning, and instrumentation circuits. Designed to meet exposure 
in radiation environments, this amplifier is a necessity for satellite, 
spacecraft, and nuclear power systems where its unique properties 
will prolong the useful life of a system. 


This quad operational amplifier is available in an industry standard 
pinout allowing for immediate interchangeability with most other quad 
operational amplifiers. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Radiation Hardened Low Noise 
Quad Operational Amplifier 


Pinout 
HS1-5104RH 
(14 PIN CERAMIC SIDEBRAZED DIP) 
TOP VIEW 


COMPLIANT TO MIL-M-38510 PACKAGE OUTLINE D-1 


Functional Diagram 
V+ 
4 
4n1 —* : 
| 3 OUT 1 
+IN1 11 
y- 
V+ 
4 
inz — - 
5 OUT 2 
+IN2 11 
\V- 
V+ 
4 
4N3 —2 ‘ 
10 OUT 3 
+IN3 41 
V- 
V+ 
4 
12 OUT 4 
+IN4 44 
V- 


File Number 


3025 


OPERATIONAL 


AMPLIFIERS 


_ Specifications HS-5104RH 


Absolute Maximum Ratings a Reliability Information 


Voltage Between V+ and V- Terminals ............0ee0 cece 40V_ Thermal Resistance Oia Gc 
Differential Input Voltage. ........ cece eee eee e eee eee 7V Ceramic Sidebraze Package.......... 75°CIW12°C/W 
~ Voltage at Either Input Terminal........5...... ..eeee..VttoV- Package Power Dissipation at +75°C for TU < +175°C 

Peak Output Current (Note 5)........... cece cece eee Indefinite Ceramic Sidebraze Package ........... ces eeeeee oe 1.OW 
(One Amplifier Shorted to GND) Package Power Dissipation Derating Factor Above +750C | . 

Junction Temperature (TJ) ..........6. See ee eee +175°C Ceramic Sidebraze Package ............eeeeeeeee 13mW/C 

Storage Temperature Range ..............+.. “65°C to +150°C 

ESD Faungetnccs sais so acess ee wad taeedeees eee <2000V 

Lead Temperature (Soldering 10s)............ceeeeeee +275°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Temperature Range............. ... 55°C to +125°C ~~ VINems 1/2 (V+ - V-) 
Operating Supply Voltage. ... 0... cee cee eee +5Vto+15V RL22kQ 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


- | —_Device Tested at: Supply Voltage = + 15V, RSOURCE = 1009, RLOAD =100kQ, VOUT = OV, Unless Otherwise Specified = ~~ 


LIMITS 


GROUP A 


SUBGROUP | TEMPERATURE 


DC PARAMETERS | SYMBOL CONDITIONS 
Input Offset Voltage VCM = 0V 


VCM = OV, +RS = 10kQ, 
-RS = 100Q - 


= 
= 
= 
” 


+ 
nN 
ao 
(e) 
Q) 


+25°C 
+125°C, -55°C 


Input Bias Current | 


-550 


VCM = OV, +RS = 100Q, 
-RS = 10kQ 


Input Offset Current VCM = OV, +RS = 10kQ, 
-RS = 10kQ 


-40 


-h 


Common Mode Range V+ = 3V, V- =-27V 2 


V+ = 27V, V- = -3V 


3 


VOUT = OV and +10V, 
RL = 2kQ 


“Nl 
o 


Large Signal Voltage Gain kV/V 


kV/V 
kV 


g 


VOUT = OV and -10V, 


425°C 75 KV 

RL = 2ka 
+125°C kVV 

-55°C kV/V 


Common Mode Rejection 
Ratio 


AVCM = +12V, 
+V = +3V, -V=-27V, 
VOUT = -12V 


+125°C, -55°C 


AVCM = -12V, | 
+V = +27V, -V = -3V, 
VOUT = +12V : 


425°C | 


+ 
N 
oO 
° 
: } 


+125°C, -55°C 


+ 
=, 
nm 
ao 
-) 
i?) 
Lj 
an 
an 
° 
Q 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Tested at: Supply Voltage = + 15V, RSOURCE = 10092, RLOAD = 100kQ, VOUT = OV, Unless Otherwise Specified 


SYMBOL CONDITIONS 
+VOUT1 
+vouT2 | AL =10ka 
-VOUT1 
VOUT2 
|) 4louT | vouT=-5v 
out | vouT=4+5Vv 
#1cc | VOUT =oVv, 
IOUT = OmA 
4cc | VOUT=oV, 
| OUT = OmA 
+PSRR_ | AVSUP = 10V, 
+V = +10V, -V =-15V, 
+V = 420V, -V = -15V 
ae AVSUP = 10V, 


+V = +15V, -V = -10V, 
+V = +15V, -V =-20V 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = + 15V, RSOURCE = 500, RLOAD = 2k, CLOAD = 50pF, AVCL = +1V/V, Unless Otherwise Specified. 
GROUP A 


| | LIMITS 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 


Rise & Fall Time 150 2 


LIMITS 


oledels ll l=l elle ll IE 


GROUP A 


SUBGROUP | TEMPERATURE UNITS 


DC PARAMETERS 


+25°C 


—_ 


Output Voltage Swing 0 


+125°C, -55°C 10 
+25°C 
+125°C, -55°C 

425°C 
+125°C, -55°C 
RL = 10k +25°C 


+125°C, -55°C 


Output Current +25°C 
+125°C, -55°C 


+25°C 


+125°C, -55°C 


Quiescent Power Supply 425°C 


Current : 
+125°C, -55°C 


+25°C 
+125°C, -55°C | 


Power Supply Rejection +25°C 


Ratio 
+125°C, -55°C 


+25°C 
+125°C, -55°C 


TR VOUT = 0 to +200mV 4. | 425°C 
10% <TR<90% ; 

TF VOUT = 0 to -200mV 4 +25°C 
10% <TR<90% | 


Overshoot 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Characterized at: Supply Voltage = + 15V, RLOAD = 2kQ, CLOAD = 50pF, AVCL = +1V/V, Unless Otherwise Specified 


RS = 20Q, fo = 1000Hz 
RS = 20MQ) fo = 1000Hz 
FPBW VPEAK = 10V 


— CLSG | RL=2kQ,CL=50pF | 1 © | -55°C to +125°C +1 


Output Resistance | . ROUT | Open Loop 
PC . 


_ | Quiescent Power Consump- VOUT = OV, IOUT = 
MOM ei au ah etree a ee, 4S ce ONUA ae ite ata a 


RS = 1kQ, AVCL = 
100V/V, VIN = ” 
100mMVRMS at 10kHz, 
Referred to Input 


AVCL=-1 | 
NOTES: a 


- 1. Parameters listed in Table 3 are controlled via design or process parameters and are not directly tested at final production. These param- 
eters are lab characterized upon initial design release, or upon design changes. These parameters are guaranteed by characterization 
based upon data from multiple production runs which reflect lot to lot and within lot variation. : 


. Full Power Bandwidth guarantee based on Slew Rate measurement using FPBW = Slew Rate/(2nVPEAK) 
. Power Consumption based upon Quiescent Supply Current test maximum. (No load on outputs.) 

. Settling time measured from the 90% point of a 10V input pulse to within 10mV of the settled value. 

. Caution: Continuous long-duration short-circuit operation may degrade the operating life of the device. 


ar GW ND 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Tested at: Supply Voltage = +15V 


| | | | LIMITS 
DC PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN, | MAX | UNITS 


[Sraieepvongecan | am [Ream | ao [| « |__| ww 
[rewonenvete | wo [voweov + wre (| | o_o 
[moactencwen | _¥0_[rS-tonvenswv | ase [|_| 
[moaseccwen | ens [vow | we | - [| m_ 


TABLE 5. HS-5104RH BURN-IN DELTA PARAMETERS (+25°C) 
' - GROUP B, SUBGROUP 5 7 


Ca 
ho 
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TABLE 6. APPLICABLE SUBGROUPS 


finest __——«d? tome 
Frater | toonsoos [BAB 
[ecupa Samiso0s [SA 
‘ae = 2m mene anaes 
ae Saar 
a aa 
ee 


Samples/5005 


Group E, Subgroup 2 Samples/5005 


Test Circuits (Applies to Table 1 and Table 2) 


ACOUT oVv1 


50pF* = 
: ; FOR LOOP STABILITY 

10 USE MIN VALUE CAPACITOR _J 
.. . TOPREVENT OSCILLATION aw 
* INCLUDES STRAY 00K za 
| CAPACITANCES Oo Wi 
OPEN 2° 1 $4 : 100 > E = 
: : cr a. 
O. < 

O 


100K ALL RESISTORS = + 1% (Q) 
ALL CAPACITORS = + 10% (:F) 
ONE OF FOUR TEST LOOPS FOR THE HS-5104RH DUT = 1/4 OF HS-5104RH 


Test Circuits and Waveforms 


SIMPLIFIED TEST CIRCUIT (Applies to Table 2 and Table 3) 
| ae | | 


SLEW RATE WAVEFORMS | 
+3.0V —— 43.0V +3.0V 
+2.5 f 
INPUT OUTPUT 
4 <A erent ih tern tae marr een eaveC an Tee 
3.0V aS: SL -3.0 -3.0V ; -3.0V 
AT AT 
SR= AV 
AT 
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Test Circuits and Waveforms (Continues) 


OVERSHOOT, RISE/FALL TIME WAVEFORMS 


+200mV ——— OV 
‘ | INPUT | | 
OV -200mV 


TR, +OS __ TF,-OS 


VIN 


VOUT 


VOUT TF < 20ns (VIN) 
-5V 


Burn-In Circuit 


NOTES: 

Ri = R2 = R3 = R4 = 1MQ, 5%, 1/4W (Min.) 

C1 = C2 =0.01pnF/Socket (Min) or 0.1pF/Row (Min) 
D1 = D2 = IN4002 or Equivalent/Board 

(V+) - (V-)l = 31V+1V 
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“15V 
(ONE OF FOUR) 


-V =-15V 
Group E Sample Size = 4 Die Per Wafer 


HS-5104RH 


Typical Performance Curves 


TYPICAL NOISE VOLTAGE AND CURRENT vs FREQUENCY OPEN LOOP GAIN AND PHASE vs FREQUENCY 
50 1.5 
es 2 Re ee ee ee ee ee 
a A 
Sg EE CS RH Uf Veo = 18V 
2 ro RE a EC P= 
ee | a ee i 8 
Sooft | 1 | 1 | | | | fT oe mw 
> || DO PS AR 
SF. A EF 
= Ca. SB EM fg 
1 41 81 121 161 201 241 #281 321 361 # 401 
FREQUENCY (Hz) 
10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 
*DERATE 4dB FOR RL = 2K 
INPUT OFFSET VOLTAGE vs BIAS CURRENT vs 
COMMON VOLTAGE AND TEMPERATURE COMMON MODE VOLTAGE AND TEMPERATURE 
2.1 138 
1.9 ra 
:\ “f 
1.7 A VCM=0V 
z @® VCM=-10V & 
° 1.5 2 98 
> a 
1.3 
78 
ee | 
0.9 58 
-60 -60 
OFFSET CURRENT vs 


COMMON MODE VOLTAGE AND TEMPERATURE 


250 


220 
A VCM = 0V 
@ VCM=10V 
@ VCM = -10V 


OFFSET (nA) 


130 


100 
-60 
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Typical Performance Curves (Continued) 


BANDWIDTH AND PHASE MARGIN vs LOAD CAPACITANCE SLEW RATE AND BANDWIDTH vs SUPPLY VOLTAGE 
100 7.0 
® 80 cy my) 
Ww bs og 
ei ae = 
uJ 
a i a 7 8 6.0 < 
=< 
G 40 ~ = 2 if 
“=q < J 
alii i? 
wu 20 = 5.0 1.5 
< ee Bae See 
= " 5 10 20 30 40 
TOTAL SUPPLY VOLTAGE 
0 
100pF 0.001 = 0 *DERATE 0.5MHz for RL = 2K 
_ LOAD CAPACITANCE a. Ea ees Boece ate ate ene ggg 
COMMON MODE REJECTION RATIO AND POWER SUPPLY 
SLEW RATE AND BANDWIDTH vs TEMPERATURE REJECTION RATIO vs FREQUENCY 
75 
FT ry 
= S 
x= w o 
5 65 : - o & z 
> a = 
z iy ~~ = = 
< uy o 
< a a 
SLEW RATE (RL = 2K, CL = 50pF) Gi 
55 ) = 
-55 0 +25 +70 +125 
Ta (°C) 


00 1K 10K 100K 
FREQUENCY (Hz) 


*DERATE 0.5MHz for RL = 2K 


CHANNEL SEPARATION vs FREQUENCY 


HSA 
a 


90 


CHANNEL SEPARATION (dB) 


C.S. = 2o.oc; ve) 


100 1K 10K 100K 1MHz 
FREQUENCY (Hz) 
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Schematic 


ea 


aie 
1 y oe 
(eames a 
l _ fe = 
Se aie , Bi 
om 52 : 
30K 1.5K 
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Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
. 100% Nondestructive Bond Pull Method 2023 


Customer Pre-Cap Visual Inspection (Notes 1, 2) | 


Temperature Cycling Method 1010 Condition C 
Constant Acceleration method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 


_HS-5104RH 


Static Burn -In 240 Hours, +125°C Method 1015 
Condition A 


Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-In Delta Calculation (TO - T1) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 
Alternate Group A Inspection Method 5005 
Fine and Gross Leak Tests Method 1014 


Condition A 20G Customer Source Inspection (Note 2) 


: Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) - 


Group D Inspection (Notes 2, 4) Method 5005 
External Visual Inspection Method 2009 


Data Package Generation (Note 3) 


NOTES: 
1. Visual Inspection i is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed on the purchase order if eaunee 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Delta Over Burn-in 


'4. Group B data package contains Attributes Data pulse Variables Data; DC Test and TE2HQV. Group D data package contains Attributes only. 
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~ Group B Inspection (Notes 2,4)Method5005 i “ati (atesidtstt™” 


Metallization Topology 


DIE DIMENSIONS: 
124 x 108 x 11 mils 
(3160 x 2740 x 280m) 


METALLIZATION: 
Type: Aluminum 
Thickness: 12.5kA + 2kA 


WORST CASE CURRENT DENSITY: 
1.45 x 10° A/cm? at 10mA 


SUBSTRATE POTENTIAL (Powered Up): 
\- 


Metallization Mask Layout 
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HS-5104RH 


GLASSIVATION: 
Type: Silox 
Thickness: 8kA + 1kA 


TRANSISTOR COUNT: 


PROCESS: 
High Frequency Linear 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy | 
Temperature:Ceramic DIP - 460°C (Max) 


HS-5104RH 
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DATA CONVERTERS 


High Speed, Monolithic Digital-to-Analog Converter ....... 0... ccc cece eect eee eeeeees 


CMOS 8 Bit Flash Analog-to-Digital Converter 


PAGE 


9-3 
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FARRIS 


SEMICONDUCTOR 


PRELIMINARY 


trimmed both for absolute value and minimum temper- 
ature coefficient. 


The HS-565ARH is packaged in ceramic 24 pin DIP 


HS-565ARH 


High Speed, Monolithic 


December 1992 Digital-to-Analog Converter 
Features Pinouts 
¢ DAC and Reference on a Single Chip HS1-565ARH (24 PIN DIP) 
TOP VIEW 
¢ Pin Compatible with AD-565A and HI-565A 
e Very High Speed: Settles to 1/2LSB in 500ns NC 24] BIT 1 IN (MSB) 
Max NC | 2| 23] BIT 21N. | 
¢ Monotonicity Guaranteed Over Temperature ues = = BIT SIN 
REF OUT BIT 4 IN 
e A Set Nonlinearity Guaranteed Over REF GND |5. D0] BIT 5 IN 
REF IN | 6| 19] BIT 6 IN 
e Low Gain Drift (Max., DAC Plus Reference) VEE 4e] BIT 7 IN 
25ppmv°C BIPOLAR RIN [8] BIT 8 IN 
¢ Total Dose Hardness to 50KRAD IDAC OUT | 9 16] BIT 9 IN 
10V SPAN [10] 15] BIT 10 IN 
ee 20V SPAN {11 14] BIT 111N 
Applications 713] BIT 12 IN (LSB) 
e High Speed A/D Converters © 
¢ Precision Instrumentation ne 
HA1-565A/883 (FLATPACK) WW 
¢ Signal Reconstruction TOP VIEW <t - 
< Ww 
it ee le 
Description o———"5 Sa i S 
The HS-565ARH is a fast, 12 bit current output, digital- co : BIT 3IN 
to-analog converter. The monolithic chip includes a sate = : seal 
precision voltage reference, thin-film R-2R ladder, piers : ap 
reference control amplifier and twelve high-speed VEE 7 BIT 7 IN 
bipolar current switches. BIPOLAR RIN 8 BIT 8 IN 
The Harris Semiconductor Dielectric Isolation process IDAC OUT C———— BIT 9 IN 
provides latch-up free operation while minimizing stray 1 a ae 
capacitance and leakage currents, to produce an 20v SPAN C————— eel 
excellent combination of speed and accuracy. Also, al ma (LsBy 
ground currents are minimized to produce a low and 
constant current through the ground terminal, which 
reduces error due to code-dependent ground currents. F ti Ay 
unctional Viagram 
HS-565ARH dice are laser trimmed for a maximum g 
integral nonlinearity error of +1/4LSB at +25°C. In ee aires ae 
addition, the low noise buried zener reference is OFF. 
49 ¢ ae 11 20v 


IREF . SPAN 
and Flatpack packages. DAC 
6 19.95K 
| AEN > ie 10 | OUT 
5 Ea (4X IREF 
ono X CODE) 
3K 
pa 7 e J 12 e e pment 
oa -VEE PWR 24...13 = 
GND MSB LSB 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3278 
Copyright © Harris Corporation 1992 5-3 


Specifications HS-565ARH 


Absolute Maximum Ratings Reliability Information 

VCC to Power Ground .......... eee e cece nec e eens OV to+18V Thermal Resistance Oia 8, 
VEE to Power Ground .......... cece cece eee cccens OV to -18V Ceramic DIP Package............... TBD TBD 
Voltage on DAC Output (Pin 9)... ..... 0. cece eee -3V to +12V Flatpack Package .............-2.e5- TBD TBD 
Digital Input (Pins 13 - 24) to Power Ground .......... -1V to+7V Package Power Dissipation for T, = -55°C to +125°C 

Ref In to Reference Ground .......... cee cece cece eee enes +12V Ceraimle DIP Package ee v 9 wise aoe ies 46a 'e bance esie sina elaiee TBD 
Bipolar Offset to Reference Ground ............ccseeeecees +12V Flatpack Package. 26:6. ic desk in akwecaks eases tur eh aes TBD 
10V Span R to Reference Ground................cecceeees +12V 

20V Span R to Reference Ground..............cceeececeee +24V 

Junction Temperature (TJ) ........ ccc cece ec ceneecees +175°C 

Storage Temperature Range ..............06. -65°C to +150°C 

Lead Temperature (Soldering 10s)............c.eceeee +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range (VCC) ............. +11.4V to +16.5V _ Digital Input Low Voltage. ........... cee cee eee eee OV to +0.8V 
Operating Voltage Range (VEE)...............-11.4V to +16.5V —_ Digital Input High Nollage poe eee Shae we save wins shew VIO FOLD os. 
~~-Operating Temperature Range................ 55°C to+125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


anon 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 
Resolution VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE =-15V 
Accuracy VSSD = VSSA = OV, -55°C to +125°C +1/8 | :+1/2 LSB 
‘VCC = +15V, VEE = -15V, 
Error Relative to Full Scale 
Digital Input High Current IH VSSD = VSSA = OV, -55°C to +125°C 0. eae ‘| +1.0 
VCC = +15V, VEE = -15V 
Digital Input Low Current HL VSSD = VSSA = OV, 1,2,3 -55°C to +125°C 
VCC = +15V, VEE = -15V 


Differential Nonlinearity DNLE | VSSD=VSSA=OV, -55°C to +125°C +1/4 | +1/2 | LSB 
VCC = +15V, VEE =-15V, 
+25°C (Monotonicity 
Guaranteed) 


-55°C to +125°C 


EEE 


Power Supply Currents 


VCC ICC VSSD = VSSA = OV, 


VCC = +16.5V, VEE =-15V 
VSSD = VSSA = OV, 
VCC = +15V, VEE = -16.5V 
Reference Input Imped- RREF }VSSD=VSSA= OV, 
ance VCC = +15V, VEE = -15V 


-55°C to +125°C | 15K 
Reference Output Voltage VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE =-15V 


Reference Output Current IREF VSSD = VSSA = OV, “55°C to +125°C 
VCC = +15V, VEE = -15V, 
: | Available for external loads 


Unipolar VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 


All Bits On 


an 
ho 
3 
> 


Bipolar 


VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 
All Bits On or Off 


| Output Current 
-55°C to +125°C 
-55°C to +125°C aE 


-55°C to +125°C 


Output Resistance VSSD = VSSA = OV, 
VCC = +15V, VEE = -15V, 


Exclusive of Span Resistors 


Specifications HS-565ARH 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued) 


enoup a LIMITS 
PARAMETERS SYMBOL | _ CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 
Output Offset 
Unipolar VSSD = VSSA = OV, -55°C to +125°C % of 
VCC = +15V, VEE =-15V | FS. 
VSSD = VSSA = OV, -55°C to +125°C 
VCC = +15V, VEE = -15V, 
Figure 2, R3 = 50Q Fixed 


NOTE: 


1. The Power Supply Gain Sensitivity is tested in reference to a VCC = +15V and VEE = -15V 


Bipolar 


Power Supply Gain 
Sensitivity 
Vcc 


nd 
3 
Mo 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


| | GROUP A LIMITS 
PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 
Settling Time (Note 1) VSSD = VSSA = OV, 9,10,11 | -55°C to +125°C 
VCC = +15V, VEE = -15V, 
High Z External Load 
VSSD = VSSA = OV, ~ 9,10, 11 -55°C to +125°C 
VCC = +15V, VEE =-15V, 
75Q External Load 
TRISE | VSSD£VSSA =OV, 9,10,11 | -55°C to +125°C 
VCC = +15V, VEE =-15V 


VSSD = VSSA = OV, . 9, 10, 11 -55°C to +125°C 


Full Scale Transition 


Rise Time 


Fall Time 


VCC = +15V, VEE = -15V 
NOTE: 
1. Reference the Settling Time discussion and Figure 3. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C,.Nominal Conditions and have been characterized but are. not tested. 


Output Capacitance COUT |f=1MHz 


-55°C to +125°C 
Voltage 


-55°C to +125°C 


Bipolar Zero |_| With Internal Reference 
Gain (Full Scale) (feariemaient With Internal Reference 


1 
1 


Temperature Coefficients 
Unipolar Zero . With Internal Reference 


DATA 
CONVERTERS 
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_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. (Continued) 7 


| - | LIMITS 
PARAMETERS ‘SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | TYP | MAX | UNITS 


Programmable Output 1 -55°C to +125°C | of - | &§ | Vv | 
Ranges “55°C t0+125°C | -2.5 
55°C to+125°C | 0 | 


| oe] 
External Adjustments 


Gain Error Fixed 50Q Resistor for R2 


Figures 1,2 


Fixed 50Q Resistor for R3 | -§5°C to +125°C +0.05 
Figures 1, 2 


ras | 
10] 
| rs 


1 


‘Bipolar Zero Error 


~-Gain Adjustment” 
Range 


P10 


- Bipolar Zero Adjust- -55°C to +125°C | +0.15 
ment Range 


NOTES: i, 


1. The parameters listed in Table 3 are controlled via design or process and are not tested. These parameters are characterized upon initial 
design release. , - | 


2. 24 Pin DIP package only. 
3. 24 Pin Flatpack package only. _ 


— 
[es 
F.S. 


TABLE 4. POST 50KRAD ELECTRICAL PERFORMANCE CHARACTERISTICS © 
Post 50KRAD.Electrical Performance is per Tables 1,2, and 3 


TABLE 5. BURN-IN DELTA PARAMETERS (T, = +25°C) 
TBD 


TABLE 6. APPLICABLE SUBGROUPS 


- @Q SUBGROUPS | 
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Definitions of Specifications 
Digital Inputs 


The HS-565ARH accepts digital input codes in binary format 
and may be user connected for any one of three binary 
codes. Straight binary, Two’s Complement’, or Offset Binary, 
(See Operating Instructions). 


DIGITAL | ANALOG OUTPUT 
P 
INPUT |STRAIGHT | OFFSET TWO'S 
MSB.LSB | BINARY BINARY | COMPLEMENT* 
H411...111 | 4FS-1LSB ] +FS-1LSB | Zero-1LSB 
(011 ...111 | %FS-1LSB | Zero- 1LSB 4+FS - 1LSB 


* Invert MSB with external inverter to obtain Two's Complement Coding 


Accuracy 


Nonlinearity - Nonlinearity of a D/A converter is an impor- 
tant measure of its accuracy. It describes the deviation from 
an ideal straight line transfer curve drawn between zero (all 
bits OFF) and full scale (all bits ON). | 


Differential Nonlinearity - For a D/A converter, it is the 
difference between the actual output voltage change and the 
ideal (1LSB) voltage change for a one bit change in code. A 
Differential Nonlinearity of +1LSB or less guarantees 
monotonicity; i.e., the output always increases and never 
decreases for an increasing input. 


Settling Time 


Settling time is the time required for the output to settle to 
within the specified error band for any input code transition. 
It is usually specified for a full scale or major carry transition, 
settling to within '/,LSB of final value. 


Drift 


Gain Drift - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale range per °C (ppm of FSR/°C). Gain error is 


measured with respect to +25°C at high (TH) and low (TL) | 


temperatures. Gain drift is calculated for both high (TH - 25°C) 
and low ranges (+25°C - TL) by dividing the gain error by the 
respective change in temperature. The specification is the 
larger of the two representing worst case drift. 


Offset Drift - The change in analog output with all bits OFF 
over the specified temperature range expressed in parts per 
million of full scale range per °C (ppm of FSR/°C). Offset error 
is measured with respect to +25°C at high (TH) and low (TL) 


temperatures. Offset drift is calculated for both high (TH - 25°C) _ 


and low +25°C - TL) ranges by dividing the offset error by the 
respective change in temperature. The specification given is 
the larger of the two, representing worst case drift. 


Power Supply Sensitivity 


Power Supply Sensitivity is a measure of the change in gain 
and offset of the D/A converter resulting from a change in - 
15V or +15V supplies. It is specified under DC conditions 
and expressed as parts per million of full scale range per 
percent of change in power supply (ppm of FSR/%). 


Compliance 


Compliance Voltage is the maximum output voltage range 
that can be tolerated and still maintain its specified accuracy. 
Compliance Limit implies functional operation only and 
makes no claims to accuracy. 


Glitch 


A glitch on the output of a D/A converter is a transient spike 
resulting from unequal internal ON-OFF switching times. 
Worst case glitches usually occur at half scale or the major 
carry code transition from 011...1 to 100...0 or vice 
versa. For example, if turn ON is greater than turn OFF for 
011...1to 100...0, an intermediate state of O00... 0 
exists, such that, the output momentarily glitches toward 
zero Output. Matched switching times and fast switching will 
reduce glitches considerably. 


Applying the HS-565ARH 
OP AMP Selection 


The HS-565ARH’s current output may be converted to 
voltage using the standard connections shown in Figures 1 
and 2. The choice of operational amplifier should be 
reviewed for each application, since a significant trade-off 
may be made between speed and accuracy. Remember 
settling time for the DAC-amplifier combination is 


Hp) eur 


where tp, ta are settling times for the DAC and amplifier. 


HS-56SARH 


FIGURE 1. UNIPOLAR VOLTAGE OUTPUT 
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No Trim Operation 


The HS-565ARH will perform as specified without calibration 
adjustments. To operate without calibration, substitute 50Q 
resistors for the 100Q trimming potentiometers: In Figure 1 
replace R2 with 50Q; also remove the network on pin 8 and 
connect 50Q to ground. For bipolar onaanen in Figure 2, 
replace R3 and Ré4 with 50Q resistors. 


With these changes, performance is guaranteed as shown 
under Specifications, “External Adjustments”. Typical 
unipolar zero will be +'/.LSB plus the op amp offset. 


The feedback capacitor C must be selected to minimize 
settling time. 


FIGURE 2. BIPOLAR VOLTAGE OUTPUT 


Calibration 


Calibration provides the maximum accuracy from a 


converter by adjusting its gain and offset errors to zero, For 
the HS-565ARH, these adjustments are similar whether the 
current output is used, or whether:an external op amp is 
added to convert this current to a voltage. Refer to Table 1 
for the voltage output case, along with Figure 1 or2. 


Calibration is a two step process for each of the five output 
ranges shown in Table 1. First adjust the negative full scale 
(zero for unipolar ranges). This is an offset adjust which 
translates the output eralaceretos) i.e. affects each code by 
the same amount. 


Next adjust positive FS. This is a gain error sauiatinedk 
which rotates the output characteristic about the negative FS 
value. 


zero code, whose maximum values is the same as for 
integral nonlinearity error. In general, only two values of 
output may be calibrated exactly; all others must tolerate 
some error. Choosing the extreme end points (plus and 
minus full scale) minimizes this distributed error for all other 
codes. ae 


Settling Time 

This is a challenging measurement, in which the result 
depends on the method chosen, the precision and quality of 
test equipment and the operating configuration of the DAC 
(test conditions). As a result, the different techniques in use 
by converter manufacturers can lead to consistently different 
results. An engineer should understand the advantage and 


limitations of a given test methods before using the specified 
settling time as a basis for design. 


TABLE 1. OPERATING MODES AND CALIBRATION 


Unipolar (See Figure 1) 


0 to +5V 


Bipolar (See Figure 2) 


CIRCUIT CONNECTIONS ~ : CALIBRATION 
OUTPUT PIN 10 PIN 11 RESISTOR APPLY | =i 
RANGE TO TO (R) INPUT CODE ADJUST | TOSETVO 
0 to +10V All 0's OV 
All 1’s +9.99756V 


All 0's 
All 1’s 


All 0's 
Allt's +4, searev 


-10V 
—-+9.99512V 
-2.5V 
+2.49878V 


All 0's 
All 1’s 
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The approach used for several years at Harris calls for a 
strobed comparator to sense final perturbations of the DAC 
output waveform. This gives the LSB a_ reasonable 
magnitude (814mV for the HS-565ARH, which provides the 
comparator with enough overdrive to establish an accurate 
+'/,LSB window about the final settled value. Also, the 
required test conditions simulate the DAC’s environment for 
a common application - use in a successive approximation 
A/D converter. Considerable experience has shown this to 
be a reliable and repeatable way to measure settling time. 


The usual specification is based on a 10V step, produced by 
simultaneously switching all bits from off-to-on (tON) or on- 
to-off (tOFF). The slower of the two cases is specified, as 
measured from 50% of the digital input transition to the final 
entry within a window of +'/,LSB about the settled value. 
Four measurements characterize a given type of DAC: 


(a) tON, to final value +'/.LSB 
(b) tON, to final value -'/,LSB 
(c) tOFF, to final value +'/,LSB 


(d) OFF, to final value -'/,LSB 


(Cases (b) and (c) may be eliminated unless the overshoot 
exceeds '/,LSB). For example, refer to Figure 3 for the 
measurement of case (d). 


20V + 20% 
BIAS 


© TURN ON 


STROBE IN 


5 COMPARATOR 
OUT 


FIGURE 3A. 


Procedure 


As shown in Figure 3B, settling time equals tX plus the 
comparator delay (tD = 15ns). To measure tX, 


e Adjust the delay on generator number 2 for a tX of several 
microseconds. This assures that the DAC output has 
settled to its final wave 


Switch on the LSB (+5V) 


Adjust the VLSB supply for 50% triggering at COMPARA- 
TOR OUT. This is indicated by traces of equal brightness 
on the oscilloscope display as shown in Figure 3B. Note 
DVM reading. 


‘Switch to LSB to Pulse (P) 


and note DVM reading. One LSB equals one tenth the 
difference in the DVM readings noted above 


Adjust the VLSB supply to reduce the DVM reading by 
5LSB’s (DVM reads 10X, so this sets the comparator to 
sense the final settled value minus '/,LSB). Comparator 
output disappears 


Reduce generator number 2 delay until comparator output 
reappears, and adjust for “equal brightness” 


Measure tX from scope as shown in Figure 3B. Settling 
time equals tX + tD, i.e. tX + 15ns 


o. 
DIGITAL 
ov INPUT 
roe DAC 
ov OUTPUT 
Pere SETTLING TIME 
(T F) tD = COMPARATOR DELAY 
COMP. 
© 2v STROBE 
0.8V t------------ “EQUAL BRIGHTNESS” 
COMP. 
av OUT 


FIGURE 3B. 


FIGURE 3. 


Readjust the VLSB supply for 50% triggering as before, 


DATA 
CONVERTERS 


.-Layout—-—----—-» -—--- ——- - 


HS-565ARH 


Other Considerations 


Grounds 


The HS-565ARH has two ground terminals, pin 5 (REF. 


GND) and pin 12 (PWR GND). These should not be tied 
together near the package unless that point is also the 
system signal ground to which all returns are connected. (If 
such a point exists, then separate paths are required to pins 
5 and 12). | 


The current through pin 5 is near zero DC*; but pin 12 
carries up to 1.75mA of code - dependent current from bits 
1, 2, and 3. The general rule is to connect pin 5 directly to 
the system “quiet” point, usually called signal or analog 
ground. Connect pin 12 to the local digital or power ground. 
Then, of course, a single path must connect the analog/ 
signal and digital/power grounds. 


capacitance may alter the op amp’s stability and affect 
settling time. Connections to pin 9 should be short and few. 
Component leads should be short on the side connecting to 
pin 9 (as for feedback capacitor C). See the Settling Time 
section. | | 


Bypass Capacitors 


Power supply bypass capacitors on the op amp will serve the 
HS-565ARH also. If no op amp is used, a 0.01pF ceramic 
capacitor from each supply terminal to pin 12 is sufficient, 
since supply current variations are small. 


* Current cancellation is a two step process within the HS- 
565ARH in which code dependent variations are eliminated, 
the resulting DC current is supplied internally. First an 
auxiliary 9 bit R-2R ladder is driven by the complement of 
the DAC’s input code. Together, the main and auxiliary 
ladders draw a continuous 2.25mA from the internal ground 


Connections to pin 9 (IOUT) on the HS-565ARH are most 
Critical for high speed performance. Output capacitance of 
the DAC is only 20pF, so a small change of additional 


Die Characteristics 


Transistor Count ............0.. scapes taeda lah ....200 
Did SIZ6ccatnvis ecrenneeinaintacctees 179 x 107 mils 
Tie Substrate to... ee ee eee Reference Ground 
PIOCESS is sre neared ren meetEe ace Bipolar - DI 


node, regardless of input code. Part of the DC current is 


supplied by the zener voltage reference, and the remainder 
is sourced from the positive supply via a current mirror which 
is laser trimmed for zero current through the external 


_ terminal (pin 5). | 


Thermal Constants 
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HARRIS © HS-9008RH 


PRELIMINARY | CMOS 8 Bit Flash 
December 1992 Analog-to-Digital Converter 


Features Pinouts 


¢ Excellent Noise Rejection - Fully Differential Design 28 PIN CERAMIC DIP CASE OUTLINE D1, CONFIGURATION 3 
TOP VIEW 


¢ Superior Linearity (0.5LSB Typical) 

° Single Reference Supply 

e Low Power (400mW Typical) 

e¢ 20MHz Sampling Rate (50ns Conversion Time) 
¢ Total Dose Hardness to 300KRAD 


Description 


The Harris HS-9008RH is a CMOS 8 Bit Flash Converter 
designed for space applications were relatively low 
power, exceptional accuracy and very fast conversion 
speeds are a necessity. 


The HS-9008RH design differs substantially from most 
other available Flash Converters as it employs fully 


differential analog input sampling networks and ” 
amplifiers, as well as regenerative, offset nulled (error tT 
correcting) comparators. These circuit techniques < a 
improve noise performance and render the circuit much < Ww 
less Sensitive to process and radiation induced device | 96 pin FLATPACK CASE OUTLINE F11A, CONFIGURATION 2 Z 
parametric shifts. Outstanding integral and differential TOP VIEW O 
linearity error is achieved through the use of a metal film 0 
resistor network which exhibits >10 bit linearity without ,R ——E—J10 p——<¢——1 VSSD 
trim. As a result of these innovations, the device operates vooD === 2 IN 
with a single fixed reference supply as opposed to the SS oe 
multiple, adjustable references used in similar devices. isk: (cy ee 
VssA 5 —————3 VREF+ 
The HS-9008RH is fabricated in Harris’ new AVLSI1RA VREF- ————— 6 ——————1 vDDA 
process, which is dual level metal, twin well, thin EPI, vDDA ———— 7 ————— OF 
1.25y.M junction isolated CMOS process. The capacitors |. (LSB)B1 -———=== 8 _-———— Bs (MSB) 
are metal to metal with a nitride dielectric and have a neg- B2 9 _——_ BF 
ligible attenuation factor. SS 10 ae ace 
This combination of factors makes the HS-9008RH one of cea ————J 12 -—— vssa 
the best 8 Bit Flash Converters available in the Commer- ce. 9113 1 vssD 
cial, Military or Rad Hard markets. VODA ——e—4 14 ———— vod 
Truth Table 
Ca [ie [ae [ 
ee 
ee 
ee 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3279 
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Pin Description 


‘| PACKAGE PIN 
28 DIP/FP 


HS-9008MS 


DESCRIPTION | 


(LSB) Output DataBits | 


Output Data Bits 
Output Data Bits 
Output Data Bits 


Output Data Bits 


PACKAGE PIN 
28 DIP/FP 


5,17, 25 


DESCRIPTION | 


Digital Supply - 


VDDD 


CE2 Tri-State Output Enable 
Tri-State. Output Enable 


: Negative Reference Input 


| Funetional Diagram 


Reference Midpoint 


p18 BS | Output Data Bits 
a ae Positive Reference Input 


L t 
VREF+.. | 01 L 01 L Cc 
OUTPUT : 
: MFFS a -L_ Ad si 
DYNAMIC 
Ff [pe] oer Ut 
VIN — 
‘4 ‘ | | OUTPUT BITs 
+f MFFS Pa Ue (MSB) 
rf 
a ' ¢ / 
: ' , ’ . ‘ OUTPUT 
MFFS ue Lp air7 
| DYNAMIC | 
foes | eave [> fore 
6 i r ’ 
, OUTPUT , BIT 6 
yf MFFS Eo 
sos ‘ ' ' 
H ‘ ’ : 
t ' ; ’ re) TP i 
WR | race area. ie | | BITS 
(mse) DYNAMIC > 
fee tal LATCH : 
} | OUTPUT BIT 4 
yf : MFFS ue Cy 
4 ; ‘ ' 
s ] ‘ ' ; 
r] i) 1 
' ' 
OUTPUT 
| MFFS ue | Bir3 
: DYNAMIC 
[om Pass] ae LDferH | 
f 
, ! | te eee ele 
tt : | ! ia 
§ 6 ’ ‘ : 
: 
; 4 ae OUTPUT 
MFFS Le (LSB) 
DYNAMIC 
vac: Cw | [> Larch FD ures 
| | CET 
eR pened 
|_| CE2 
VREF RESISTOR DIFFERENTIAL ENCODER 
LADDER COMPARATOR 
TRI-STATE 
OUTPUTS 
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Analog Supply | 


Specifications HS-9008RH 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, VDDD = VDDA Thermal Resistance Bia O. 
(Referenced to VSSD = VSSA = GND) .......... -0.3V to +7.0V 28 Flatpack Package................ TBD TBD 
Input Voltage Range: CE1, CE2, CLK, VREF-, 28 Ceramic DIP Package ............ TBD TBD 
VREF+, VIN, /p Row... cece ce eee ceee VSS -0.3V to VDD +0.3V 24 Flatpack Package................ TBD TBD 
Output Voltage Range: B1 - B8, OF Package Power Dissipation 
(Outputs Off)... eee VSS -0.3V to VDD +0.3V Fot Ty =55°C 10 F125°C ieee Seay ea dee Sena sae es TBD 
DC Input Current CE1, CE2, CLK, VIN, B1 - B8, OF........ 10mA | 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10s).............ececees +265°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


» Operating Voltage Range (VDDD = VDDA)....... +4.5V to +5.5V _— Digital Input Low Voltage.................... .OV to +0.2VDDD 
Operating Temperature Range.............6.. -55°C to +125°C ~—s Input High Voltage..... 1... . eee eee eae 0.8VDDD to VDDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C;. Nominal Conditions and have been characterized but are not tested. 


LIMITS 
| Eaouea | urs 
PARAMETERS | SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | TYP | MAX | UNITS 
Resolution VDDD = VDDA = 5V, -55°C to +125°C 
CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) | 
Integral Linearity ILE VDDD = VDDA = 5V, -55°C to +125°C 
Error CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 
VDDD = VDDA = 5V, -55°C to +125°C a ae +0.5 | LSB 
: a | ae fal ~ 
-55°C to +125°C 
VSSD =VSSA = OV, VREF = 4.000V 
(Adj.), VIN = VREF+ - 1.5LSB 
VDDD = VDDA = 5V, -55°C to +125°C 
CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 
a 


Differential Linearity 
Error 


Offset Error 


Ladder Impedance 


CLK = 10MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA =.0V, VREF = 4.000V 
(Adj.), VIN = VREF- + 0.5LSB 


VDDD = VDDA = 5V, CLK= 10MHz, 


Full Scale Range 
(VIN and (VREF+) - 
(VREF-)) 


Supply Current (IDDD 
+ IDDA + IREF) 


VDDD = VDDA = 5V, -55°C to +125°C 


CLK = 10MHz, VSSD = VSSA = OV, 
-55°C to +125°C 


VREF = 4.000V (Adj.) 
-55°C to +125°C 


VDDD = VDDA = 5V, CLK = 10MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = 25MHz (Note 1) 


VDDD = VDDA = 5V,CLK = 10MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.),-CLK = High 


. Dynamic 


Static 


NOTE: 
1. For typical value, CLK = 1MHz. 


DATA 
CONVERTERS 


_| Differential Phase... — 


Specifications HS-9008RH 


TABLE 2A. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


eae 7 GROUP A a mrs | 
PARAMETERS | SYMBOL SUBGROUP | TEMPERATUR 


e [wn [7 [wax | unrrs 
Conversion Speed VDDD = VDDA = 5V, CLK = 10MHz, 


VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = 50% Duty Cycle, 
Square Wave 


-55°C to +125°C 


Full Power Bandwidth 


VSSD = VSSA = OV, VREF = 4.000V | 
Differential Gain Error |: 9, 10, 11 -§5°C to +125°C 
VREF = 4.000V (Adj.), (Note2): |. 


(Adj.), VIN = Full Scale Sine Wave ’ 
VDDD = VDDA = 5V, CLK = 10MHz, |: -9,:10, 14---]---55°C to +125°C - 
VSSD = VSSA = OV, VREF = 4.000V 


Error 


VDDD = VDDA = 5V, CLK:= 10MHz, | 9, 10,11 -55°C to +125°C 
CLK = 10MHz, VSSD = VSSA = OV, 

Total Harmonic 

Distortion VSSD = VSSA = OV, 


(Note 1) 

VDDD = VDDA = BV, 

(Adj.), (Note 2) 
VDDD =VDDA=5V, | CLK = {MHz | 9,10, 11 | -55°C to +125°C 
VREF = 4,000V CLK=10MHz| 9,10,11 | -55°C to +125°C 
(Adj.) 


Signal-to-Noise Ratio 
(Plus Distortion) 


VODD =VDDA=5V, 
VSSD = VSSA = OV, 
VREF = 4.000V 

(Adj.) 


come cai eee 

oux=iwre| 910.11 | ator | 4 

eux=Towie| 9,10, | eso rie | 4 
jeax=2owre| 9.10.11 

NOTE: 


1. The -3dB bandwidth for frequency response purposes is greater than 30MHz. 
2. VIN = 3.58MHz burst, CLK = 14MHz, 6 DC levels (2.0, 2.2, 2.4, 2.6, 2.8, 3.0V). 


-55°C to +125°C 


TABLE 2B. AC ELECTRICAL SWITCHING CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


PARAMETERS SUBGROUP| TEMPERATURE | MIN | TYP | MAX | UNITS 
al an PEEL. 
we Ea 


-55°C to +125°C 


VDDD = VDDA = 5V, 
CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.), CLK = High 


VDDD = VDDA = 5V, CLK = 25MHz, 
VSSD = VSSA = OV, VREF = 4.000V 
(Adj.), CLK = Low 


SYMBOL 
TTRACK 
TOD |VDDD=VDDA=S5V, 
CLK = 25MHz, VSSD = VSSA = OV, 


Track Time (Auto 
Balance Time) 


Hold Time THOLD 


Data Output Delay 


Output Enable Time VDDD = VDDA = 5V, 


CLK = 25MHz, VSSD = VSSA = OV, 


9,10,11 | -55°C to +125°C | 
VREF = 4.000V (Adj.) | 
VDDD = VDDA = 5V, -55°C to +125°C 
CLK = 25MHz, VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VREF = 4.000V (Adj.) 
TDIS 


Output Disable Time 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Typical Values Represent +25°C, Nominal Conditions and have been characterized but are not tested. 


LIMITS 
PARAMETERS | SYMBOL CONDITIONS ae TEMPERATURE | MIN | TYP | MAX | UNITS 


Digital input f=1MHz,VDDD=VDDA=OPEN, | 1,2 [425°C] = | = | 15 |r 
Capacitance 


eters Oe ee 
Output Capacitance f=1MHz,VDDD=VDDA=OPEN, | 1,2 |  #25°C Le 
Analog Input CIN 

DYNCIN 


VSSD = VSSA = OV, Ta = +25°C 425°C 
Capacitance 


CLK = High, VODD = VDDA = 5V, 1 -55°C to +125°C 70 
VSSD = VSSA = OV, 
(Static) VREF = 4.000V (Adj.), 
Analog Input CLK = 3MHz, VDDD = VDDA = 5V, -55°C to +125°C 
Capacitance VSSD = VSSA = OV, 
(Dynamic) VREF = 4.000V (Adj.), 
-55°C to +125°C 
VREF = 4.000V (Adj.) 
VDDD = VDDA = 5V, -55°C to +125°C 
VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


VSSD = VSSA = OV, 


Aperture Jitter 


Analog DC Input 
Current 


IREF 


VSSD = VSSA = OV, 
VREF = 4.000V (Adj.), 
VDDD = VDDA = 5.5V, 


VSSD = VSSA = OV, 
VREF = 4.000V (Adj.) 


Aperture Delay VDDD = VDDA = 5V, 
VIN = 4.0V, VDDD = VDDA = 5V, -55°C to +125°C 


-55°C to +125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process and are not tested. These parameters are characterized upon initial 
design release. 


2. 28 Pin DIP package only. 
3. 28 Pin Flatpack package only. 


Power Supply 
Rejection 


15 |r 

oe ae 

oe a 

td 

Ed 

iit 
<1.0 LSB 
“VO 


TABLE 4. POST 300KRAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
Post 300KRAD Electrical Performance is per Tables 1, 2, and 3 


TABLE 5. BURN-IN DELTA PARAMETERS (T, = +25°C) 
TBD 


TABLE 6. APPLICABLE SUBGROUPS 


TY 
GroupB [68 | — Sampiest5005 | 1,2,3,7,8,9,10,17 
Pt a ee 
[eroupd ———*d;C Samples | 
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DATA 
CONVERTERS 


HS-9008RH_ 


Timing Diagrams 
INPUT TIMING 


THOLD 


CLK 


| -- 9CLOCK LATENCY _ | I 


DATA 1-8 j ee 
+ OVERFLOW DATAN-2 DATAN - 1 


OUTPUT ENABLE TIMING 


CE1 


CE2 


TEN 


TEN 


OVERFLOW 
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HS-9008RH 


Burn-In Diagram 
HS-9008RH 28 PIN DIP/FLATPACK HS-9008RH 24 PIN FLATPACK 


vDD1 VDD2 VDD1 vDD2 


onanea WW ND a 


L 
e] 
A 
D 


a 
amor 
Beamon 
Pa 
execs 
Pane 
Roan 


i Eee 


L 


LOAD 
(EACH OUTPUT) T DUT 
3KQ 

DYNAMIC DYNAMIC pe 
NOTES: NOTES: Ww 
VDD1 = 5.5V Min VDD1 = §.5V Min <i 
VDD2 = 4V Min VDD2 = 4V Min < Ww 
Input Signals: Fi = 1MHz (50% Duty Cycle); F2 = F1/4 Input Signals: Fi = 1MHz (50% Duty Cycle); F2 = F1/4 a > 
VIH = 5V, +0.5V, -0; VIL = OV, +0.5V, -0 VIH = 5V, +0.5V, -0; VIL = OV, +0.5V, -0 9 


Irradiation Circuit 
vbD1 


a 
LF att 


NOTES: 


All Total Dose Testing is performed using the HS1-9008RH package (28 DIP) 
VDD1 = 5.5V Min 

Resistors = 10KQ + 10% 

Total Dose = 300KRADS 
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FIELD PROGRAMMABLE GATE ARRAY 


PAGE 
FIELD PROGRAMMABLE GATE ARRAY DATA SHEET 
HS-XC3020MS_ Radiation Hardened Field Programmable Gate Array ......... 0c cece e cece cee eee ee tees 6-3 


PROGRAMMABLE 
GATE ARRAYS 


rarRnIS HS-XC3020MS 


ADVANCE INFORMATION Radiation Hardened 


pieaies woos Field Programmable Gate Array 
Features Description 
e 1.25 Micron Radiation Hardened SOS CMOS Tne HS-XC3020MS is a high density CMOS programmable 
- Total Dose 300KRAD gate array which is functionally compatible with the XILINX 
- Transient Upset 1 x 10° RAD (Si/s) XC3020 Logic Cell™ Array. All XILINX development tools 


Z (XACT™) can be used to capture/edit, simulate, and place & 
- SEU Error Rate 1 x 10°"? E/B-Day route ie on the HS-XC3020MS. The HS-XC3020MS is 
XILINX XC3020 Compatible . fabricated on the Harris 1.25 micron Silicon-on-Sapphire 
CMOS process. This technology gives exceptional hardness 
to all types of radiation, including neutron fluence, total 
Uses XILINX Supported PC or Work-Station Based _ ionizing dose, and cosmic rays. 

Development System 


e Pin-For-Pin Functionally Equivalent 


e Latch-up Free Under any Conditions Architecture 

¢ Low Power CMOS Static Memory Technology The perimeter of configurable fe blocks provides a 
programmable interface between the internal logic array and 

¢ Available in 100 Lead Ceramic Quad Flatpack the device package pins.. The array of configurable logic 


blocks performs user-specified logic functions. The intercon- 
nect resources are programmed to form networks that carry - 
logic signals among blocks. 


Flexible Array Architecture 


Pinout 


100 PIN CERAMIC QUAD FLATPACK 


Wu 
BOTTOM VIEW m2 
1.275 + 0.200 SQ = Ps 
So 
- < 
100 Lu 
13 1 89 > E 
oO 
£ 
——— —————— 88 
= J 9.008 MIN 
0.013 MAX 
3 ——— 64 
4x 0.020R 


6 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 6-3 
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File Number 3200 


HS-XC3020MS 


Pin Description 


~J 
[o>] 


Si< 
lle 
.?) 


NJ 
‘?) 
QO 
~~ 
A 


78 


3 
Q 
NM] w 
S 


~ 
co 
oO 


©) 


joe) 
ho 
ziz 
on ®) 


eae 
[2 fre 
Tie [arowor 


5 


g 
S 


D 
2) 
= 
A 
168) 
om 
” 
< 
= 
Be) 
7) 
< 


ois 
iS 


0-DIN (I/O) 
OUT (I/O) 


XTAL2 (I/O) 
NE ( 
C 


s) 


N 
N 
N 


D 


= 
jee) 
jee) 
z 
Q 


PROG) 


Piz 
Q 


0 - WS (I/O) 
1 - CS2 (I/O) 


3 (I/O) 
706 


XTAL1 (I/O) (BCLKIN) 


zi > 
i 


D 
D6 (I/O) 
D5 (I/O) 

73 |CSO0 (I/O) 

74 1D4(/00 


4 
75 


S 


LDC 


Zz 
i?) 


94 


> 


5 
5 
5 


QO 


5 
eeathy 


2 
54 

5 

7 
62 
63 
64 
67 
70 
72 


> ziz 


97 


= 
BAN 
= 
9 


NOTE: 0.025 Pitch and 0.025 Spacing 


Logic Capacity (Gates)... 0.0.0... cece eee teens 2000 User l/O’s ....... nae vase eiGre pehowa eek ahd ox mens 64 
Configurable Logic BIOcKS ....... 0... 0. cc cece e eee ec eees 64 Configuration Program Bits..... Gite caterer sua oa ease owed 14779 
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Specifications HS-XC3020MS 


Absolute Maximum Ratings Reliability Information 

SUPPLY VOUAQG s54 o5s bie dwa kath awe Seas as -0.5V to+7.0V Thermal Resistance Oia Bic 
Input Voltage Range........ ee eee ee eee -0.5V to VCC+0.5V Flatpack Package ...........seeeee- TBD TBD 
DC Input Current, any one input ................ cee eee eee +10mA Maximum Package Power Dissipation 

‘Storage Temperature Range ...............6. -65°C to +150°C ForTa = "55°C 10 4100°C 5. sik env eeica das accu new bel TBD 
Junction Temperature... eee cc cc cee ee eens +150°C For Ty = +100°C to +125°C............ Derate Linearly at TBD 
Lead Temperature (Soldering 10s)...............-.-.- #260°C Gate Count... . cece ccc ccc cece eee tence eeeeee TBD 
Typical Derating Factor......... 0c. cece cece ence eeaes TBD a 

ESD Classificaliony:ascc.ac wired ck be bin ene eee dane s Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ra tings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............... evheimsesecs +4.5V to+5.5V — Input Low Voltage (CMOS) .......... cece were wees OV to 0.3V 
Operating Temperature Range...............- -55°C to +125°C = Input High Voltage (TTL)............ see eeeeee VCC to VCC/2V 
Input Rise and Fall Time... 2... cc cece te eee TBD . Input High Voltage (CMOS). ..........0.0e eens VCC to 0.7VCC 
Input Low Voltage (TTL).............. whew sana OV to +0.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMIT 
NOTE 1 GROUP A 
PARAMETER SYMBOL | — _‘ CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


Quiescent Operational cCO_| VCC = 58V, VIN= VCC or ee oe ee 
mA 


Supply Current GND (Note 2) 
es ee Cm 


Quiescent Operational a 
ee ee ee 
po fs [| m™ 
ae 


(TTL Mode) 
-55°C, +125°C 


Power Down Supply ICCPD | VCC =5.5V, VIN = VCC or 
Current GND 
G 
VOUT = 0.4V, VIL = OV 


a 
ee 
Output Current (Source) a VCC = VIH = 4.5V, ze 
-55°C, +125°C aoe oe | 
| pf mA 
(Note 3) ; Med 
| Lae 


H 
oL [ase [= | 
I/O Pin Leakage (Tri-Stated) OZ VCC = 5.5V, Force Voltage 
= OV or VCC 
-55°C, +125°C 
FN 
FN 


eae [Ta 
Horizontal Long Line ALL. |VCC=5.5V,VIN=vCCor | 1 Poe 
eee | 28 Dat 

ee ee 


ICCO VCC = VIN =5.5V, 


PWRDWN = OV (Note 2) 


> 


a | 3 
>| > 


J 
> 


VOUT = VCC - 0.8V, 
VIL = OV (Note 3) 


VCC = VIH = 4.5V, 


=, 
> 


> 


Output Current (Sink) 


= 
> 


-55°C, +125°C 


5 


> 


ma 
rea [ma 


ee 
a 
aa ee 
ed 


3 
> 


A 
Ei 
GND, as an average 
PWRDWN Power Down VCCPD_ | Note 4 
Suppl 
ais 55°C, +125°C 

Functional Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B -55°C, +25°C, 
(TTL Mode) VIL = 0.8V +125°C 
Functional Noise Immunity VCC = 4.5V, VIH = 0.7 x 7, 8A, 8B -55°C, +25°C, 
(CMOS Mode) VCC, VIL = 0.3 x VCC +125°C 


NOTES: : 
1. All voltages referenced to device ground. 
2. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 


3. Force/Measure functions may be interchanged. 
4. PWRDWN transitions must occur during operational VCC levels. 


1 

1 

1 
2,3 
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PROGRAMMABLE 


GATE ARRAYS 


| CCLK to DOUT (3) TCCO | VCC = 4.5V, VIH = 3.0V 
| | | VIL=0V 


| RESET Width (Low) Abort — 


CCLK, Frequency FCC 


Specifications HS-XC3020MS 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


"(NOTE 4, 2) _| GROUPA zh a 
PARAMETER SYMBOL. CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


SWITCHING CHARACTERISTICS, GENERAL LCA (SEE FIGURE 1) — 


DONE/PROG Program (5) TPGW | VCC = 4.5V, VIH = 3.0V, a ee ee ee oe 
Width (Low) VIL = OV : ae — 


DONE/PROG Initialization | (6) TPGI 


G 


VCC = 4.5V, VIH = 3.0V, 


VIL = OV 


2 
-55°C, +125°C 


RESET M2, M1, MO Hold (3) TRM | VCC = 4.5V, VIH =3.0V, 
(Note 3) 


RESET M2, M1, MO Setup 2)TMR_ | VCC =4.5V, VIH = 3.0V, ae ae 
(Note 3) VIL = OV 40,11 “55°C, +125°C 
(a) TMRW | VOC =45V,ViH=aov, | 9 a 


(Note 3) 


le 


SWITCHING CHARACTERISTICS, PERIPHERAL MODE PROGRAMMING (SEE FIGURE 4, NOTE 4) 


WS Low (1) TCA | VCC =4.5V, VIH=3.0V,. 
| wry | 10, 11 55°C, +125°C 


(2)TDC -| VCC = 4.5V, VIH = 3.0V, 
vba | 10, 114: -55°C, +125°C 
= 3.0V, +2 


(3)TCD | VCC = 4.5V, VIH = 3.0V 
vie y 40, 11 -55°C, +125°C 


READY/BUSY (4) TWTRB | VCC = 4.5V, VIH = 3.0V, 
| : VIL = OV 


DIN Setup 


DIN Hold 


+25°C 


x” 
re: 
=e 
Ex 
a 

ot | a0. ese | o 
a 
ca 
a 
= 
- 


10, 11 | | -55°C, +125°C 


SWITCHING CHARACTERISTICS, SLAVE MODE PROGRAMMING (SEE FIGURE 5, NOTE 4) 


ea 
a 
oa 
[ae 
a0. +i25 | 
ee 
a0, | oo 
a 
v5 | 00 
2 
oe oe 
mi 

co 

mre 

= 


VCC = 4.5V, VIH = 3.0V 


CCLK to DIN Setup (1) TDCC | VCC = 4.5V, VIH = 3.0V, © 
: ; . VIL = OV 
CCLK to DIN Hold — 2) TCCD | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


CCLK, High Time (4) TCCH 


VIL = OV 


CCLK, Low Time . (5) TCCL | VCC = 4.5V, VIH = 3.0V, 
| | | VIL = OV 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


| 


+25°C 
10, 11 1] -55°C, +125°C 
SWITCHING CHARACTERISTICS, PROGRAM READBACK (SEE FIGURE 7, NOTES 5, 6) 


RTRIG Setup (1) TRTH | VCC = 4.5V, VIH=3.0V, re ae ee 
SoM ee 
CCLK, RTRIG Setup (2) TRTCC | VCC = 4.5V, VIH = 3.0V, el 
ene reas bar 
VIL = 0V aed 
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Specifications HS-XC3020MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1, 2) GROUP A ee 
PARAMETER ~—s‘|: SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


SWITCHING CHARACTERISTICS, PROGRAM READBACK (SEE FIGURE 7, NOTES 5, 6) CONTINUED 


CCLK, Clock Low (4) TTCLR | VCC = 4.5V, VIH = 3.0V, +25°C 
| VIL = OV Ee 


-55°C, +125°C 


on 
oO 
° 
QO 
+ 
—_ 
Ww) 
on 
) 
1?) 


-55°C, +125°C 
CCLK, Clock High (5) TCCHR | VCC = 4.5V, VIH = 3.0V 
VIL = OV 10.14 


+25°C 
BENCHMARK PATTERNS 


TPID + Interconnect + 
8(TILO) + TOP. Measure 8 


VCC = 4.5V, VIH = 3.0V, 
VIL = 0V 


Columns 


TCKO + TICK + TCKI + VCC = 4.5V, VIH = 3.0V, 
Interconnect | VIL = OV (On all CLBs) 10.11 
TCKO + TQLO + TILO + VCC = 4.5V, VIH = 3.0V, 
TDICK + Interconnect VIL = OV (On all CLBs) 
TILO + TECCK + 4 |VCC =4.5V, VIH =3.0V, 
‘Interconnect VIL = OV (On all CLBs) 10.11 


zt Cae 

TOKPO + TOPS - TOPF + TBS = | VCC = 4.5V, VIH = 3.0V 
TPICK VIL = OV (On all CLBs) rare eee Ase 

al oe 


TCKO + TQLO + TPUS + VCC = 4.5V, VIH = 3.0V 

TICK + Interconnect VIL = OV (1 LL Pull-Up) 10. 14 

TCKO + TQLO + TPUS + TB7 VCC = 4.5V, VIH = 3.0V, 

TICK + Interconnect VIL = OV (Alt. LL Pull-Up) 10. 11 
TCKO + TQLO + TIO + TICK 
+ Interconnect 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV (No Pull-Up, Lower 
LLs) 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV (No Pull-Up, Upper 
LLs) 


TCKO + TQLO + TIO + TICK 
+ Interconnect 


TB9 


10, 11 


“J N 


+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


Combinatorial (1) TILO | VCC = 4.5V, VIH = 3.0V, N/A 
VIL = OV 
RESET to CLB Output (9) TRIO | VCC =4.5V, VIH =3.0V, N/A 
VIL = OV 
RESET Direct Width (13) TRPW | VCC = 4.5V, VIH =3.0V, N/A 
| : VIL = OV 
TMRQ VCC = 4.5V, VIH = 3.0V, N/A 
| VIL = OV 
K Clock to CLB Output (8) TCKO | VCC = 4.5V, VIH =3.0V, NWA 
(Note 7) VIL = OV 
K Clock + Q through F or G TQLO | VCC =4.5V, VIH = 3.0V, NWA 
to CLB Out VIL = OV 
K Clock to Logic Input Setup | (2) TICK | VCC = 4.5V, VIH = 3.0V, N/A 
VIL = OV 
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Specifications HS-XC3020MS 


: TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) ; 


| | (NOTE 1,2) GROUP A : : en 
PARAMETER _ SYMBOL | CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) CONTINUED 


K Clock to Logic Input Hold | (3) TCKI | VCC = 4.5V, VIH = 3.0V, ete te 


cere “55°C, +125°C 
K Clock to Data Input Setup 


+25°C 
-55°C, +125°C 

+25°C 
-55°C, +125°C 
"425°C 
-55°C, +125°C 
|-—-—+25°C— --— 


K Clock to Data Input Hold 


A 
(4) TDICK | VCC = 4.5V, VIH = 3.0V, N/A 
. |VIL=0v 


VCC = 4.5V, VIH = 3.0V, 


(5) TCKDI 


VIL = OV 
K Clock to Enable Clock 


(6) TECCK | VCC = 4.5V, VIH = 3.0V, 
Setup 


VIL = OV 


cS 


EEE 


K Clock to Enable Clock _| (7) TCKEC | VCC = 4.5V, VIH =3.0V, __|. 


| Hold VIL = OV 


(11) TCH | VCC =4.5V, VIH=3.0V, 
VIL = OV 
K Clock Low (Note 8) (12) TCL | VCC = 4.5V, VIH = 3.0V, 
| VIL = OV 


APPLICATION GUIDELINES, SWITCHING, INTERNAL BUFFERS 


Clock Buffer ~TGCK | VCC =4.5V, VIH = 3.0V 
, VIL = OV 


= 3.0V, N/A 
TBUF Data to Output, TIO VCC = 4.5V, VIH = 3.0V, N/A 
N/A 


-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


K Clock High (Notes 7, 8) 


N/A 
N/A 


+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
- +25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


Tri-State to Output VIL = OV 


TBUF Single Pull-Up TPUS VCC = 4.5V, VIH = 3.0V, 


VIL = OV 


TPUF VCC = 4.5V, VIH = 3.0V, N/A 
VIL = OV a 
= 4,5V, = 3.0V, N/A 


TBUF Pair of Pull-Ups 


—_ 
“J 


TBUF Bidirectional TBIDI VCC = 4.5V, VIH = 3.0V 


VIL = OV 


APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3,NOTE9) a 


PAD (Pkg Pin) to Inputs TPIDC | VCC =4.5V, VIH = 3.0V, 
TCLKIN, BCLKIN VIL = OV 
(3) TPID | VCC = 4.5V, VIH = 3.0V, 
VIL = OV , 
(4) TIKRI | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 
+25°C 
-55°C, +125°C 


PAD (Pkg Pin) to Inputs 
‘DIRECT IN 


VO CLOCK to /O RI Input 
(FF) 


iN 
N 
NM. 
VO CLOCK to I/O Pad-Input | N/ 
Setup ; 
VO CLOCK to I/O Pad-Input 
Hold 


= 
” 


(2) TIKP! | VCC = 4.5V, VIH = 3.0V 
VIL = OV 


(7) TOKPO | VCC = 4.5V, VIH = 3.0V 
VIL = OV 


} 
i 
| 


A. 

A 

A 

iA 
N/A 
N/A . 


1) TPICK | VCC = 4.5V, VIH = 3.0V 
VIL = OV 


I/O CLOCK to I/O Pad (Fast) 


-~ 
oe 


Specifications HS-XC3020MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTE 1, 2) GROUP A EMTs 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 


APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3, NOTE 9) CONTINUED 


VO CLOCK to /O Pad-Out- | (5) TOOK | VCC = 4.5V, VIH = 3.0V, 
VO CLOCK to VO Pad Out- | (6) TOKO | VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
' = 4.5V, VIH = 3.0V, 


CLOCK (Low) Note 8° 12) TIOL | VCC = 4.5V, VIH = 3.0V 
VIL =0V. 


-55°C, +125°C 
Output to PAD (Enabled (10) TOPF | VCC = 4.5V, VIH=3.0V, 
Fast) ; VIL = OV -55°C, +125°C 


Output Pad (Enabled Slow) | (10) TOPS | VCC = 4.5V, VIH = 3.0V N/A 
come a 


-55°C, +125°C 
Three-State to PAD Begin | (9) TTSHZ | VCC = 4.5V, VIH = 3.0V 
HI-Z (Fast) VIL =0V 


Three-State to PAD Valid | (8) TTSON 
(Fast) VIL = OV 
Master RESET to Input! | (13) TRRI | VCC = 4.5V, VIH = 3.0V, 
come cor 

Master RESET to Output _| (14) TRPO | VCC = 4.5V, VIH = 3.0V, 
APPLICATION GUIDELINES, SWITCHING, MASTER PARALLEL MODE PROG. (SEE FIGURE 6, NOTE 10) 
RCLK to Address Valid (1) TRAC | VCC = 4.5V, VIH =3.0V, NA 
pee [Eee panes | OM a 
RCLK to Data Setup (2) TORC | VCC = 4.5V, VIH =3.0V, N/A 
pense [eee penne TOM ae 
RCLK to Data Hold (3) TRCD | VCC = 4.5V, VIH = 3.0V, N/A 
peewee [cores OM aa 
RCLK (High) a TRCH | VCC =4.5V, VIH = 3.0V, N/A 
ea ae (ae ce 

-_ VIL = OV 


NOTES: 


-55°C, +125°C 
. All voltages referenced to device ground. 
. Force/Measure functions may be interchanged. 
. RESET timing relative to valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 
. Configuration must be delayed until the INIT of all LCA’s is high. WS cannot go active until RDY/BUSY goes HIGH. 
. Readback should not be initiated until configuration is complete. 
. DOUT timing is the same as for slave mode. : 
. The CLB K to Q output delay (TCKO) plus the shortest possible interconnect delay is always longer than the Data In hold time requirement 
(TCKDI) on the same die. 
. These parameters are for clock pulses within an LCA device. Increase values by 20% for externally applied clock. 


NOOO SP ON — 


fee) 


9. Voltage levels of unused pads must be valid logic levels. Each can be configured with the internal pull-up resistor, configured as a driven 


output, or driven form an external source. . 
10. At power-up, VCC must rise from 2.0V to VCC minimum is less than 10ms. Otherwise, delay configuration using RESET. 


PROGRAMMABLE 


GATE ARRAYS 


Specifications HS-XC3020MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, VIH 5.0V, ) gsc | TBD O|opF CO 
Input Capacitance CIN VCC = 5.0V, VIH 5.0V, +25°C 
Output Capacitance COUT |} VCC =5.0V, VIH 5.0V, +25°C 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and:Max limits are guaranteed but not directly test- 
ed. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


_--TABLE 4,-POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS =—s_—» 


| : 300K LIMITS 
NOTES 1, 2 
PARAMETER SYMBOL CONDITIONS 
Quiescent Operational Supply ICCO VCC = 5.5V, VIN = VCC or GND 
Current (CMOS Mode) (Note 3) 
Quiescent Operational Supply ICCO VCC = VIN = 5.5V, PWRDWN =0V +25°C 
Current (TTL Mode) (Note 3) . 


TEMPERATURE 
+25°C 


Power Down Supply Current ICCPD | VCC = 5.5V, VIN = VCC or GND +25°C 


Output Current (Source) IOH VCC = VIH = 4.5V, VIL = OV 
VOUT = VCC - 0.8V (Note 4) 
| 


+25°C 


oO 
- 
mare 
© 
5 


Output Current (Sink) IOL VCC = VIH = 4.5V, +25°C 


VOUT = 0.4V, VIL = OV (Note 4) 


I/O Pin Leakage (Tri-Stated) Z VCC = 5.5V, Force Voltage = OV or +25°C 
VCC, VIN = VCC or GND 
Horizontal Long Line Pull-Up Current IRLL VCC = 5.5V, VIN = VCC or GND +25°C 
' | as an average 


O BY, i 
PWRDWN Power Down Supply | vecpD |NoteS | +25°C 
Functional Noise Immunity +25°C 
(TTL Mode) 0.8V 
Functional Noise Immunity | FN +25°C 
(CMOS Mode) VIL = 0.3 x VCC 

eran ae Te] 

wef 

VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
ar a6 


6-10 


Specifications HS-XC3020MS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


eerie 300K LIMITS 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


SWITCHING CHARACTERISTICS, SLAVE MODE PROGRAMMING (SEE FIGURE 5, NOTE 7) 
CCLK to DOUT (3) TCCO | VCC = 4.5V, VIH = 3.0V, VIL =0V | sasec | = | 100 | ons 
CCLK to DIN Setup (1) TOCC | VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 
CCLK to DIN Hold (2) TCCD | VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 
CCLK, High Time (4) TCCH | VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 
CCLK, Low Time (5) TCCL | VCC = 4.5V, VIH = 3.0V, VIL = 0V 425°C 
CCLK, Frequency FCC VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
SWITCHING CHARACTERISTICS, PROGRAM READBACK (SEE FIGURE 7, NOTES 8, 9) 


VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


— 
(>) 


RTRIG Setup 

CCLK, RTRIG Setup 
CCLK, RDATA Delay 
CCLK, Clock Low | 
CCLK, Clock High 
BENCHMARK PATTERNS 


200 


TPID + Interconnect + 8(TILO) + TOP. 
Measure 8 Columns 


TCKO + TICK + TCKI + 
Interconnect 


VCC = 4.5V, VIH = 3.0V, VIL=OV | . +25°C 
(On all CLBs) 

VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
(On all CLBs) 

VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
(On all CLBs) 

| VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
(On all CLBs) 


VCC'= 4.5V, VIH = 3.0V, VIL = OV +25°C 


TCKO + TQLO + TILO + TDICK + In- 
terconnect 


TILO + TECCK + 
Interconnect 


TOKPO + TOPS - TOPF + TPICK 


T 


TB1 
TB2 
TB3 
TB4 

B5 
TB6 


TCKO + TQLO + TPUS + TICK + Inter- 
connect 


TCKO + TQLO + TPUS + TICK + Inter- 
connect 


TCKO + TQLO + TIO + TICK + 
Interconnect 


TCKO + TQLO + TIO + TICK + TB9 
Interconnect 


(1 LL Pull-Up) 


VCC = 4.5V, VIH = 3.0V, +25°C 
VIL = OV (Alt. LL Pull-Up) 


VCC = 4.5V, VIH = 3.0V, 425°C 
VIL = OV (No Pull-Up, Lower LLs) 


TB7 
B8 


T 


VCC = 4.5V, VIH = 3.0V,. +25°C 


VIL = OV (No Pull-Up, Upper LLs) 
APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) 


on > ~“ ~“ Ww 


; 


_ 
eS 


Combinatorial’. 
RESET to CLB Output 
RESET Direct Width 


(1) TILO | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C | 


Master Reset Pin to CLB Out 

K Clock to CLB Output (Note 10) 

K Clock + Q through F or G to CLB Out 
K Clock to Logic Input Setup 


~~ 
NO 
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Specifications HS-XC3020MS 


TABLE 4. POST:IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


300K LIMITS 
CONDITIONS TEMPERATURE | MIN. | 


NOTES 1,2 


UNITS 


PARAMETER 
APPLICATION GUIDELINES, SWITCHING, CLB (SEE FIGURE 2) CONTINUED | 


SYMBOL 


425°C 


K Clock to Logic Input Hold (3) TCKI | VCC = 4.5V, VIH = 3.0V, VIL = OV 1 


(4) TDICK | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


(5) TCKD! | VCC = 4.5V, VIH = 3.0V, VIL =0V 425°C Y 36: 
(6) TECCK | VCC = 4.5V, VIH = 3.0V, VIL =0V 425°C | 10 


K Clock to Data Input Setup 
K Clock to Data Input Hold 

K Clock to Enable Clock Setup 
K Clock to Enable Clock Hold 


K Clock High (Notes 10, 11) 
K Clock Low (Note 11) 


(7) TCKEC | VCC = 4.5V, VIH = 3.0V, VIL =0V +25°C oe 


(11) TCH | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


(12) TCL | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


+25°C 


ee 


Clock Buffer 


TGCK VCC = 4.5V, VIH = 3.0V, VIL = OV 


TBUF Data to Output, Ti-State to Output] TIO | VCC=4.5V,VIH=3.0V,VIL=OV | —_+25°C ie 
TBUF Single Pull-Up TPUS | VCC =4.5V, VIH = 3.0V, VIL = OV 425°C 
TBUF Pair of Pull-Ups = 4.5V, = 3.0V, = 


TBUF Bidirectional 


17 


TPUF VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


. TBIDI VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


APPLICATION GUIDELINES, SWITCHING, IOB (SEE FIGURE 3, NOTE 12) 

PAD (Pkg Pin) to Inputs TCLKIN, BCLKIN| =TPIDC | VCC = 4.5V, VIH = 3.0V, VIL = OV 
PAD (Pkg Pin) to Inputs DIRECT IN | (3) TPID | VCC = 4.5V, VIH = 3.0V, VIL = OV 
I/O CLOCK to I/O RI Input (FF) (4) TIKRI | VCC = 4.5V, VIH = 3.0V, VIL =0V 
VO CLOCK to I/O Pad-Input Setup - | (1) TPICK | VCC = 4.5V, VIH = 3.0V, VIL = OV 
I/O CLOCK to I/O Pad-Input Hold (2) TIKPI | VCC = 4.5V, VIH = 3.0V, VIL = OV 
I/O CLOCK to I/O Pad (Fast) (7) TOKPO | VCC = 4.5V, VIH = 3.0V, VIL = OV 
(5) TOOK | VCC = 4.5V, VIH = 3.0V, VIL = OV 
(6) TOKO | VCC = 4.5V, VIH = 3.0V, VIL = OV 
(11) TIOH | VCC = 4.5V, VIH = 3.0V, VIL = OV 
. (12) TIOL | VCC = 4.5V, VIH = 3.0V, VIL = OV 
Output to PAD (Enabled Fast) (10) TOPF | VCC = 4.5V, VIH = 3.0V, VIL = OV 
Output Pad (Enabled Slow) (10) TOPS | VCC = 4.5V, VIH = 3.0V, VIL = OV 
Three-State to PAD Begin HI-Z (Fast) | (9) TTSHZ | VCC = 4.5V, VIH = 3.0V, VIL = 0V 


+25°C 
+25°C 


eel 

Eel 

425°C poe 

+25°C | 30 | 

+25°C ae 

+25°C pase 

VO CLOCK to /O Pad-Output Setup +25°C 45. | 
V/O CLOCK to VO Pad Output Hold 25°C | 0 
.CLOCK (High) Note 11 Ee 
9 | 

= 

ze 

be 

aoe 


CLOCK (Low) Note 11 


+25°C 
+25°C 
+25°C 
425°C 


+25°C 


Three-State to PAD Valid (Fast) (8) TTSON +25°C 


(13) TRRI 


VCC = 4.5V, VIH = 3.0V, VIL = OV 


Master RESET to Input Ri VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 


Master RESET to Output (FF) (14) TRPO | VCC = 4.5V, VIH = 3.0V, VIL = OV |. +25°C 


APPLICATION GUIDELINES, SWITCHING, MASTER PARALLEL MODE PROG. (SEE FIGURE 6, NOTE 13) 


-RCLK to Address Valid (1) TRAC | VCC = 4.5V, VIH = 3.0V, VIL =0V 425°C Po 


RCLK to Data Setup 7 


RCLK to Data Hold 


(2) TDRC | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
(3) TRCD | VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


300K LIMITS 
NOTES 1, 2 
TEMPERATURE 


CONDITIONS | MIN | MAX | UNITS 


APPLICATION GUIDELINES, SWITCHING, MASTER PARALLEL MODE PROG. (SEE FIGURE 6, NOTE 13) CONTINUED 


RCLK (High) TRCH_ | VCC =4.5V, VIH = 3.0V, VIL=0V | 425°C | 600 | 
TRCL | VCC =4.5V, VIH =3.0V, VIL=0V 4.0 


PARAMETER SYMBOL 


NOTES 
1. All voltage referenced to device ground. 
2. Measurements made with CL > 50pF, input tr = tf = 6ns 
3. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 
4. Force/Measure functions may be interchanged. 
5. PWRDWN transitions must occur during operational VCC levels. 
6. RESET timing relative to valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 
7. Configuration must be delayed until the INIT of all LCA’s is high. WS cannot go active until RDY/BUSY goes HIGH. 
8. Readback should not be initiated until configuration is complete 
9. DOUT timing is the same as for slave mode. 
10. The CLB K to Q output delay (TCKO) plus the shortest possible interconnect delay is always longer than the Data In hold time requirement 


(TCKDI) on the same die. 

. These parameters are for clock pulses within an LCA device. Increase values by 20% for externally applied clock. | 

. Voltage levels of unused pads must be valid logic levels. Each can be configured with the internal pull-up resistor, configured as a driven 
output, or driven from an external source. 

. At power-up, VCC must rise from 2.0V to VCC minimum in less than 10ms. Otherwise, delay configuration using RESET. 


pn ae © 
Nm — 


_ 
Go 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


PARAMETER DELTA LIMITS 
Tri-State Leakage Current a ee a;  e 


NOTE: 1. Force/Measure functions may be interchanged. 


GATE ARRAYS 


TABLE 6. APPLICABLE SUBGROUPS 


a ZY 
Pon | toss | 


Group A (Note 1) Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 ee ae 


Subgroups 1, 2, 3, 9, 10, 11 


PROGRAMMABLE 


NOTE: 1. Alternate Group A testing in accordance with MIL-STD 883 method 5005 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-RAD POST-RAD PRE-RAD POST-RAD 


NOTE: 1. Except FN test which will be performed 100% GO/NOGO 
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Waveforms — 


_ (4) TMRW 


~ MO/M1/M2- 


DONE/PROG 
(OUTPUT) 


init (OUTPUT) 


PWRDWN | 


VCC (VALID) 


NOTE: 1. PWRDWN transitions must occur during operational VCC levels. 
FIGURE 1. GENERAL LCA WAVEFORMS 


CLB OUTPUT ep Y 
(COMBINATORIAL 


(1) TILO 


CLB INPUT (A, B, C, D, E) 


(2) TICK (3) TCKI 
CLB CLOCK 
(12) TCL (11) TCH 
és (4) TDICK (5) TCKDI 
CLB INPUT 
(DIRECT IN) 
hae (6) TECCK < (7) TCKEC 
CLB INPUT | 
eoteeioy KT) 
| (8) TCKO 
CLB OUTPUT . 
- (FLIP-FLOP) 


CLB INPUT 
(RESET DIRECT) 


(9) TRIO 


CLB OUTPUT 
(FLIP-FLOP) 


FIGURE 2. CLB WAVEFORMS 
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HS-XC3020MS 


Waveforms (Continued) 


VO BLOCK (I) 


VO PAD INPUT 
(1) TPICK (2) TIKPI 
VO CLOCK (IK/OK) 
(11) TIOH 
(12) TIOL 
(4) TIKRI (13) TRRI 
RESET 
(5) TOOK (6) TOKO (14) TRPO 
(10) TOP 
VO PAD OUTPUT 
(7) TOKPO 
UO PAD OUTPUT 
(REGISTERED) 
uw 
7) 
VO PAD TS o> 
q<¢ 
= 
= o 
(8) TTSON (9) TTSHZ q < 
VO PAD OUTPUT oc w 
Ok 
o< 
co 
Oo. 
FIGURE 3. 1OB WAVEFORMS 
CS1/CS0 | . . 
CS2 / 
(1) TCA 
Ws ‘ 
(3) TCD a oa eas a 
(2) TOC 
oe (vo [XS 
, *, GROUP OF 
core ee! ee A a 8 CCLKs 
(4) TWTRB 
RDY/BUSY - 
ehh eee Baan site int / Pace 
DOUT 


NOTE: 1. No output current loads, no active input or long line pull-up resistors, and with the device configured with the MAKEBITS ‘tie’ option. 
FIGURE 4. PERIPHERAL MODE WAVEFORMS 
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Waveforms (Continued) 


DIN BITN+1 


(5) TCCL 


CCLK 
(4) TCCH 


DOUT (OUTPUT) 


FIGURE 5. SLAVE MODE WAVEFORMS 


A0-A15 


(OUTPUT) ADDRESS n +1 


7 | 7 


(3) TRCD 
_ (2) TORC 


7 CCLKs 


(1) TRAC 


RCLK 
(OUTPUT) 


CCLK 
(OUTPUT) 


(OUTPUT) 
BYTE n-1 
FIGURE 6. MASTER PARALLEL MODE WAVEFORMS 


DONE/PROG 
(OUTPUT) 


RTRIG 


BIEaISS (4) TCCLR 


CCLK 


(3) TCCRD 
RDATA 
(OUTPUT) VALID | 


FIGURE 7. PROGRAM READBACK WAVEFORMS 
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Harris Space Products MS Screening 
Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 
300K RAD (SI), 2 Samples/Wafer, 0 Rejects 


100% Nondestructive Bond Pull Method 2023 
100% Internal Visual Inspection 


100% Temperature Cycling Method 1010, Condition C 
(-65°C to +150°C) 


100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test (TO) 

100% Static Burn-In Method 1015, 72 Hr., +125°C Min 
100% Interim Electrical Tests (T1) 

Burn-In Delta Calculation (TO-T1) 


PDA Calculation.3% Functional . 
5% Subgroups 1,7, A 


SCREENING NOTES: 
1. Force/Measurements functions may be interchanged. | 


100% Dynamic Burn-In Method 1015, 240 Hr. at +125°C or 
180 Hr. at +135°C 


100% Electrical Tests Subgroups 1, 7, 9 (T2) 
Delta Calculation (TO-T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


100% Final Electrical Test +125°C, -55°C 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) 

Group B (Optional) Method 5005 (Class S) (Note 1) 
Group D (Optional) Method 5005 (Class S) (Note 1) 
CSI and/or GSI (Optional) (Note 2) 

Data Package Generation (Note 3) 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Data Code,.Harris Number, Lot Number, Quantity 


Certificated of Conformance (as found on shipper) 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number) 


Variables Data (All Read, Record and Delta Operations) 
Group A Attributes Data Summary 


Wafer Lot Acceptance Report (Method 5007) to include SEM Photos. 


NOTE: SEM Photos to include % of step coverage 
X-Ray Report and File(s), including Penetrameter Measurements 


Gamma Radiation Report with Initial Shipment of Devices from the same wafer lot; containing a cover page, Disposition, Rad Dose, Lot 
Number, Test Package, Specification Number(s), Test Equipment, etc.; Irradiation Read and Record data will be on file at Harris. 


PROGRAMMABLE 
GATE ARRAYS 
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Metallization Topology 


DIE DIMENSIONS: 2 | DIE ATTACH: 

TBD mils Material: ‘Silver Glass 

Tere : WORST CASE CURRENT DENSITY: 
METALLIZATION: _ - 2.0 x 10° A/em? 


‘Type: Al/Si/Cu 


Thickness: 11kA + 1kA BONO PAD See 
| ? | 110pm x 110pm 
GLASSIVATION: 4.4x 4.4 mils 
Type: SiO» 
Thickness: kA + 1kA 
Metallization Mask Layout 
BD 
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CMOS 9-Bit Parity Generator/Checker... 0.0... cece cee eee eee eee ee eee eeee 7-1286 
CMOS 8-Stage Presettable Synchronous Down Counters. ...........-0-. 2 ee eee eee eens 7-1294 
CMOS 4-Bit Bidirectional Universal Shift Register.......... 0... cece eee eee eee ee eee 7-1307 
CMOS FIFO -Register.......-.-..ss00 003s oe Gas ieee Nae Oi eee 7-1317 
CMOS Hex Schmitt Triggers LUCK RIG ae end sex henna er eae ale aaa aes caer ties 7-1327 
CMOS Dual 2 Input NAND Buffer /Driver.. 2.2.0.0... ccc cee ener e eee eens 7-1336 
_ CMOS 4 x 4 Multiport Register...... aS eee waGwe Rule eucn ae ee OOS Re eS 7-1343 
CMOS Quad Low-to-High Voltage Level Shifter... 0.0... ck cc cece eee eeeeeee 7-1354 
10 Line to 4 Line BCD Priority Encoder ........ 0... ccc ccc eee ene e eee e eens 7-1363 
CMOS Synchronous Programmable 4-Bit Counters.......... 0... cece ee ee eee renee eeee 7-1371 
CMOS Hex ‘D’-Type Flip-Flop............0s0e.. ‘es aeedlaeilned dade eamsey eee at 7-1384 
CMOS Quad"D’ Type FIID-FIOD. ..50.66 ceed ened ceded need sane de tas aw baw aan tewe ened 7-1392 
CMOS 4 Bit Arithmetic Logic Unit... 00.0... cece ccc cece ccc c cece tenes ene eeeeeeens 7-1400 
CMOS Look-Ahead Carry Generator... 0... cc ec ee eee nee eee e eee e eens 7-1410 
CMOS Presettable Up/Down Counters (Dual Clock With Reset)........... 02. cece ee eee eee 7-1419 
CMOS 4 x 4 Multiport Register... 0.2.0... 0... ccc cee eens Jee Siete eoeanshiaie toiar ee Stash Sd 7-1431 
CMOS Quad 2 Line to 1 Line Data Selector/Multiplexer.............. ai eee Aewe wee KG 7-1442 
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ACS/ACTS MS Screening 


Wafer Lot Acceptance............ 2c cece eee (All Lots) Method 5007 (Includes SEM) 
Radiation Verification. ...............0008- (EachWafer) Method 1019, 1M RAD (SI), 4 Samples/Wafer, 0 Rejects 
Nondestructive Bond Pull ..................008. 100% Method 2023 
Internal Visual Inspection ................. 0000s 100% Method 2010 
Temperature Cycling........... cece cece ences 100% Method 1010 Condition C (-65°C to +150°C) 
Constant Acceleration........... 00. cece ee eee 100% 
RIND: TESUNG 28 Os ek eee to ta ge ORG Tes 100% 
. External Visual Inspection... ........ 0.0... eee 100% 
SOlANZAOM srceers Seaia ceed a Pee ae Gaede Res 100% 
Initial Electrical Test... 0.2... . cece eee ee eee 100% 
Statice BUrA-I0 2 sas eo okieansionek ee tesse hones 100% Method 1015, 24 Hours, +125°C Minimum 
Interim Electrical Test! ........00. 0.0... eee eee 100% (Note 1) 
Static Burnelns sas cwasateveeaiveswiseiweas 100% Method 1015, 24 Hours, +125°C Minimum 
Interim Electrical Test... .... ee ee eee 100% (Note 1) 
Dynamic Burn-In.... 2... cece eee eee 100% Method 1015, 240 Hours, +125°C or 180 Hours, at +135°C 
Interim Electrical Test Il 2... eee ee 100% (Note 1) 
Final Electrical Test... 2... cc ce ee ee es 100% 
Fine and Gross Seal... 6... ce eee ee eee 100% Method 1014 
RadiOGraDNiCs 4.4 ext ease bod ee ee aae eae 100% Method 2012 (2 Views) 
External Visual): ius as eaacweaeadaetetanteecs 100% Method 2009 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) (Note 2) 
Group D{Oplional) 26 6%.6.sh0benct See sewisswagetahses Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional). ... 2.2... .. 0. cee eee ee ee (Note 2) 
Data Package Generation... ........ cece eee eee eee (Note 3) 
NOTES: 


1. Failure from interim electrical tests | and Il are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 
PDA = 3% for subgroup 7 failures). Interim electrical tests Ill PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, PDA = 
3% for subgroup 7 failures. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 
Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 
Variables Data (All Read, Record and Delata Operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and file(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; Containing a cover page, Disposition, Rad Dose, 
Lot #, Test Package, Spec #(s), Test Equipment, etc. 
Irradiation Read and Record data will be on file at Harris. 


Po Stor ACSO3MS 


Radiation Hardened Quad 2-Input NAND 


Dacaneriees Gate with Open Drain 
Features | Pinouts - 
fi es 14 PIN CERAMIC DUAL-IN-LINE 
25 Micron Radiata Hardened OS :CM0e 2 MIL-STD-1835 DESIGNATOR, CDIP2-T14, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW 


° Dose Rate Upset >10'' RAD(Si)/s, 20ns Pulse 

¢ Cosmic Ray Upset Immunity <1 x 10° Error/Bit Day 
(Typ) 

Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V- 


e Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


e Input Current Levels li < 1A at VOL, VOH 


Description 14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP3-F14, LEAD FINISHC . 

The Harris ACSO3MS is a Radiation Hardened quad 2-input TOP VIEW 

NAND gate with open drain outputs. The open drain output 

can drive resistance loads from a separate supply voltage. cee 

The ACSO3MS& utilizes advanced CMOS/SOS technology to B4 

achieve high-speed operation. This device is a member of AA 

radiation hardened, high-speed, CMOS/SOS Logic Family. - 

The ACSO3MS is supplied in a 14 lead Ceramic flatpack (K - B3 - 

suffix) or a Ceramic Dual-In-Line Package (D suffix). A3 
Y3 


Truth Table Functional Diagram 


INPUTS OUTPUT 


An 
-————0 Yn 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-9 


L = Low 

H = High 

Z = High Impedance 

“ Without Pull-up Resistor 
** With Pull-up Resistor 


FileNumber 3064 


Specifications ACSO3MS 


Absolute Maximum Ratings | Reliability Information 


Supply Voltage (VCC)... 0... cc eee ce eee ee eee eee -0.5V to+6.0V Thermal lmpedance ................ Gia 8c 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V OIG escuedeusapecen merece wees 75°C/W 16°C/W 
DC Input Current, Any One Input................c cece eens +10mA Flatbacks cn scab cess eaoeeucea ws 64°C/W 12°C/W 
DC Drain Current, Any One Output..................0000. +50mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) - For Ty = -55°C to +100°C 2... cece ccc n es ccessesens 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).............0000. +265°C 

Junction Temperature (TJ)... ... 2. cece cee ee eee +175°C 

ESD Classifications. ses sci vise eee GVO Oa ee wows Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions — | 
* SUPPIY VONAGE 4 sina tees tie ecksmeitakoweeee +4.5V to+5.5V Input Low Voltage (VIL)................... 0.0V to 30% of VCC 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ....10ns/V Max Input High Voltage (VIH)................6. VCC to 70% of VCC 


Operating Temperature Range (Ta) ............ 55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


+125°C, -55°C 
Guiputourent VG0 = 4 5V, VIN=45V, 
(Sink) . VOUT = 0.4V, VIL = OV 


VCC = 5.5V, VIH = 3.85V, 425°C, +125°C, -55°C 
IOL = SOpA, VIL = 1.65V 
input Leakage VCC =5.5V, VIN= VOC or 
Current GND . 
Tri-State Sanur 1OZ VCC = 5.5V, 
Leakage Current Force Voltage = OV or VCC 
ee eer ee +125°C, -55°C 
NOTES: 
1. All voltages reference to device GND. 


Output Voltage Low VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, “55°C 
: IOL = 50pA, VIL = 1.35V 

Noise einunny VCC = 4.5V, VIH = 3.15V, 7, 8A, 8B +25°C, +125°C, -55°C 

Functional Test VIL = 1.35V 

2. Force/Measure functions may be interchanged. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) - A SUB- 


PARAMETER SYMBOL CONDITIONS GROUPS 


Propagation Delay | PLZ | vcc=4.5V,VH=45v, | 9 | 4250 | =e 
a Seas 10, 11 +125°C,-55°° | 2 | 15 | 


cane | 

pons 

Propagation Delay TPzL | VCC=4.5V,VIH=45V, | 9 | 425 | 2 | 10 | ns | 
eid | 1011 | sasrc,-ssrc | 2 | tt [ons 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS Es 
GROUP | LIMITS | 
(NOTES 1, 2) A SUB- 


PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE amin | max | UNITS 


Output Transition TTHL | vcc=45v,viH=45v, | 9 | sac | 1 | 9 | ns. 
ie is! | 011 | +asec,-ssec 1 | to | ons 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


} LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE | MIN | MAX | UNITS 


Capacitance Power VCC = 5.0V, VIH = 5.0V, Typical 10 
Dissipation VIL = OV, f = 1MHz [ 
one +125°C Typical 10 
Input Capacitance VCC = 5.0V, VIH = 5.0V, 1 a ee ee ee ee 
VIL = OV, f = 1MHz 


Output Capacitance | COUT | VCC =5.OV, VIH=5.0V, { ee ee ee pF 
VIL = OV, f= 1MHz ze 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M LIMI 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


|Quiescent Current = Current | ICC | VCC =5.5V,VIN=VCCorGND | 5.5V, VIN = VCC | VCC =5.5V, VIN=VCCorGND GND ee ee Ee 


Output Current peeve Core |e VIH = 4.5V, VOUT = 0.4V, +25°C 12 mA 
VIL =0 
Output Voltage Low OL VCC = 4.5V, VIH = 3.15V, +25°C 
VIL = 1.35V, IOL = 50pA 
VCC = 5.5V, VIH = 3.85V, +25°C 
VIL = 1.65V, IOL = 50nA 
Input Leakage Current PIN | VCC = 5.5V, VIN = VCC or GND Be ee Ee 


Tri-State Output Leakage Current el VCC = 5.5V, Force Voltage = OV or 
VCC 


Noise | Noise Immunity Functional Test | Noise Immunity Functional Test Test 
a 
[Popagsion Dy ‘| _Teat_=|voO=4sV,VM=4sv.vinov_ | aso | 2 
frarstontine id Trt vec=asv. maar. =v | veto fa 


NOTE: 
1. All voltages referenced to device GND. 


= 
= 
= 
= 


ed 
ad 
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Specifications ACSO3MS 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


eas Fo ee 
PARAMETER SUBGROUP DELTA LIMIT a oe 
eo ee ee 

noun SSSC—~iS 
a 


TABLE 6. APPLICABLE SUBGROUPS | : 


NOC NOUS ec eee 


PDA - 100%/5004 1,7, 9, Deltas Raga ee | 
Final Test 100%/5004 2, 3, BA, 8B, 10, 11 i er ae: 


Group A (Note 1) | | Sample/so0s | . 1,2,3,7,84,88,9,1011 [| | 
Group B " Subgroup B-5 . Sample/5005 1,2, 3,7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1,2, 3, 9, 10, 11 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE | TEST | READ ANDRECORD _ | 
GROUPS METHOD PRE RAD POST RAD PRE RAD > POST RAD 
Groupe Subgroup2? | 6005 | 47,9 | Tabes [+0 ——*«dY~—=iTabo 4 Noto) 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. _ 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


7 aS OSCILLATOR 
VCC =6V+0.5V. | VCC = 3V+ 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 2 - 7 7 a 
3.6.8, 11  11,2,45,7,9,101213f 4 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) . 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) . 


po 86811412, 4,5, 9,10, 12, 13 


NOTES: Ses ; 
1. Each pin except VCC and GND will have a series resistor of 10K + 5% 
2. Each pin except VCC and GND will have a series resistor of 1K + 5% 


TABLE 9. IRRADIATION TEST CONNECTIONS a . 


3, 6, 8, 11 1,2, 4, 5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


7-12 


1006008 | ——~n7,9,Detas CdS 


ACS03MS 


Tri-State Low Timing Diagram and Load Circuit 


VIH 
vss 


VOZ 


OUTPUT 
VOL ---------------------- 


TRANSITION TIMING DIAGRAM 


VOH -------------------- | |g} | --- = 
80% 80% 


VOL OUTPUT 


o 
O 
re) 
a | 
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ACS0O3MS 


Die Characteristics 


DIE DIMENSIONS: 
68 x 79 mils 
1730mm x 2010mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 6. 75kA Min., 8. 25kA Max. 
Metal 2 Thickness: 9kA Min., 11kA Max. 


GLASSIVATION: 
Type: SiO2 
Thickness: kA £1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 


<< 2.0.x108A/em?-— - Soest A a cap anneal eD Bows a ita Senay ae ie eee et 


BOND PAD SIZE: 
110m x 110m 
4.3 x 4.3 mils 

Metallization Mask Layout 


ACS03MS 


B1 At vcc B4 
rere (14) (13) 


2 (12) Ad 


: 


Y1 (3) Af 


Rs i - 
A2 (4) f2 Hie| (11) Y4 


=) 


"1 (40) Ba 


Y2 (6) i (9) A3 
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2 An ACTSO4MS 


Radiation Hardened 


December 1992 Hex Inverter 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up To 1 Mega-RAD (Si) | MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


TOP VIEW 


- Dose Rate Upset >10'' RAD(SI)/s 20ns Pulse 


- Cosmic Ray Upset Immunity (Typ. < 1 x 10 Errors/ 
Bit Day 


e Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to ALSTTL ICs 


DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic levels 
- VIL =0.8V Max 
- VIH = VCC/2 V Min 
e Input Current Levels li <s 1A at VOL, VOH 


D - tj 14 PIN CERAMIC FLAT PACK 
escription MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


The Harris ACTSO4MS is a Radiation Hardened Hex TOP VIEW 
Inverter. | 


vcc 
The ACTSO4MS utilizes advanced CMOS/SOS technology ‘ae 
to achieve high-speed operation. This device is a member of as 
radiation hardened, high-speed, CMOS/SOS Logic Family. ve ro) 
; AS Co 
The ACTSO4MS is supplied in a 14 lead Ceramic flatpack (K 5 5 
suffix) or a Ceramic Dual-In-Line Package (D suffix). ia - 
¥4 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


« ——>—_l>—_]>— » 
NOTE: L = Logic Level Low, 
H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3383 
Copyright © Harris Corporation 1992 7-15 


Absolute Maximum Ratings 


Supply Voltage ........... ec eee eee eee 


Specifications ACTSO4MS 


Reliability Information 


ee eae -0.5V to+6.0V Thermal impedance ................ Bia 6, 


Input Voltage Range............-..2ceeeee -0.5V to VCC +0.5V Weld Seal DIC.............2 cee 75°CWW 16°C/W 
. DC Input Current, Any One Input................ cece ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
‘DC Drain Current, Any One Output..................0000- +50mA __— Power Dissipation per Package (PD) 
Storage Temperature Range ................. -65°C to +150°C For T, = "55°C to F1I0O°C |. ceadiae etna ds daaneive deedes 1W 
Lead Temperature (Soldering 10sec)............cee eee +265°C For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Junction Temperature (TJ) .... 2. cece cece cece +175°C 
ESD Classification (All voltage reference to VSS) ........ Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


weeeees +4.5V to +5.5V Input Low Voltage (VIL)......ssssseseeeeees ans 0.0V to 0.8V 


Supply Voltage (VCC). .............66. ? 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max = Input High Voltage (VIH). 2... 0... cece ee ee ee VCC to VCC/2 V 
Operating Temperature Range (Ta) ....... eee -55°C to +125°C 


__ __ TABLE 1. DC ELECTRICAL PERFORMANCE.CHARACTERISTICS —---- ---- 


PARAMETERS SYMBOL 
Supply Current ICC 


Output Current VCC = VIH = 4.5V, VOUT = 


pews 
2e) 
ae 
neue 


Output Current VCC = VIH = 4.5V, VOUT = 
(Sink) 0.4V, VIL = OV, (Note 2) 


Output Voltage High VCC = 5.5V, VIH =2.75V, 
IOH = -50p/A, VIL = 0.80V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


IOL = 50pA, VIL = 0.80V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.80V 


GROUP 
(NOTE 1) _ A SUB- 
CONDITIONS GROUPS 


+125°C, -55°C 
425°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Output Voltage Low VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C 


| 
’ 3 ; 


1,2 
VCC =5.5V, VIN = VCC or ae ae 
ND 
2 | 2,3 | +125°C, -55°C 
VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) | 


1. All voltages reference to device GND. 


2. Force / Measure functions may be interchanged. 
3. Per functional tests, VO 2 3.0V is recognized as a logic “1”, and VO = 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 1, 2) A SUB- 
CONDITIONS GROUPS 


Propagation Delay 
Ato Y 


Output Transition 
Time 


NOTES: 
1. All voltages referenced to device GND. 
2. Measurements made with RL = 500Q, CL = 50pF, Input TR = TF = 3ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE } MIN | MAX | 
1 


/ Capacitance Power | CPD | VCC =5.0V, VIH=5.0V, “Typical 30 
issipati VIL = 0.0V, f= 1M 


ae 
: - - ) 
rpaCapeance | ON [vooaar vias, [1 [eso ‘| 0 
Output Capacitance | COUT | VCC =5V, VIH=5.0V, ee ae ae eae eS 
|) | 10 


VIL = 0.0V, f = 1MHz_ | 10 | pF | 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


ie 
cae 


pF 
FE 
FE 
FE 
pF 
pF 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | 


Supply Current VCC = 5.5V, VIN = VCC or GND 


Output Current (Source) 1IOH VCC = VIH = 4.5V, VIL =0, 
VOUT = VCC -0.4V 
Output Current (Sink) IOL VCC = VIH = 4.5V, VIL =0, +25°C 
VOUT = 0.4V 


Output Voltage High VOH VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V, IOH = -50pA 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.80V, IOH = 50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.80V, IOH = 50pnA 


Output Voltage Low 
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~ TABLE 4: DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS::(Continued) 


1M LIMITS 
| RAD 
SYMBOL TEMPERATURE 


PMN 
Functional Test VIL=0.80V . 
| Propagation Delay TPHL | VCC =4.5V, VIH = 3.0V, VIL =0V a ee ee ee 
ee eee 
ia 2 Te nen! Mauka Maa 
TTLH 


1. All voltages referenced to device GND. 


(NOTES 1, 2) 
CONDITIONS 


PARAMETERS 


a 
ae 


— 
ed 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as alogic “0”. = = Pe 


TABLE 5. DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMIT | UNITS 


_ TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, jOL/H 

Interim Test I (Postburn-In) ICC, IOL/H 

Interim Test II (Postbumn-In) ICC, IOUH 
Interim Test III (Postburn-In) ICC, |OL/H 
NOTE: 


1. Alternate group A testing in accordance with MIL-STD-883 Method 5005 of may be exercised. 


me) 
> 


> 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD POST RA PRE RAD POST RAD 


NOTE: . . 
1. Except FN test which will be performed 100% Go/No-Go. 


* . 
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TABLE 8. BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | (Note 1) 


STATIC BURN-IN I! (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 500Q + 5%. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 4,6, 8, 10, 12 1,3, 5,9, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 
POINT 
VIH | 
CL RL 
vs , 
VIL | 
TPLH 
CL = 50pF 
VOH ---------- 2-2-2 | gene, | - - - - - - - - --- RL = 500Q — 
OUTPUT 
VOL 
AC VOLTAGE LEVELS 


VOH --------------------- | [ny 6 | ----- =e. 
80% 80% 


VOL OUTPUT 
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 ACTSO4mMS 


Die Characteristics 
DIE DIMENSIONS 


88 x 88 mils 
2240 x 2240mm 
METALLIZATION: 


8.25kA Max 


Metal 2 Thickness: 9kA Min, 11kA Max 


GLASSIVATION 


. Rie: 


Metal 1 Thickness: 6.75k 


Type: AlSiCu 


Thickness: 8kA + 1kA 


Type: SiO. 
DIE ATTACH 


Material: Silver Glass 
WORST CASE CURRENT DENSIT 


Y: 


<2.0x10°A/cm? 


BOND PAD SIZE 


4.3 mils x 4.3 mils 
> 110um x 110m 


Metallization Mask Layout 


ACTSO4MS 


i 


Uf \ UL 


Biebsestasere 


wm LE 


7 y} "ee if y at 


{ 
’ 
§ 
$ 
1 
$ 
‘ 
! 
« 
a | 
. 
8 
. 
1: 
t 
1] 
& 
{ 


Pe | 
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“ea 
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a FIARRIS 


SEMICONDUCTOR 


ACTS/74MS 


Radiation Hardened Dual D Flip Flop 


December 1992 en with Set and | Reset 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) | 


TOP VIEW 


° Dose Rate Upset >10'' RAD(Si)/s, 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 107! Errors/Bit-Day 
e Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 


e Significant Power Reduction Compared to ALSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ Input Logic Levels 
- VIL =0.8V Max 
- VIH = VCC/2V Min 


e Input Current Levels li< 1A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


Description TOP VIEW 


The Harris ACTS74MS is a Radiation Hardened dual D flip 
flop with set(s) and reset (R). The logic level at data input is 
transferred to the output during the positive transition of the 
clock. The Set and Reset are independent from the clock 
and accomplished by a low level on the appropriate input. CPt 


Si 
The ACTS74MS utilizes advanced CMOS/SOS technology ae 
to achieve high-speed operation. This device is a member of aes 
radiation hardened, high-speed, CMOS/SOS Logic Family. at 


GND 
The ACTS74MS is supplied in a 14 lead Ceramic flatpack (K 
suffix) or a 14 Lead Ceramic Dual-In-Line Package (D 
suffix). 


Ri 
D1 


© 
© 
re) 
od 


Truth Table 


INPUTS 


OUTPUTS 


Eee 


L 


pcp 
ees 


H = High Level (Steady State) X = Don't Care 
L = Low Level (Steady State) _/ = Transition from Low to 
High Level 
NOTES: G 
1. QO = the level of Q before the indicated input conditions were es- | °P 5(9) 
tablished. 3(11) 
*This configuration is nonstable, that is, it will not persist when set mie 
and reset inputs return to their inactive (high) level. CL CL 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3382 
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Specifications ACTS74MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... . 2c. cece eee ee eee -0.5V to+6.0V Thermalimpedance ................ Oia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V UNG. ces cee ere eunewemeed acess 75°CW 16°C/W 
DC Input Current, Any One Input. ...............e cece ees +10mA Platpacks.c.<viee evi uaseee swe ees 64°C/W 12°C/W 
DC Drain Current, Any One Output...................008- +50mA _— Power Dissipation per Package (PD) | 

(All Voltage Reference to the VSS Terminal) ee For Ty = -55°C to +100°C ......... Pe eee re 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............000. +265°C 

Junction Temperature (TJ) ........ 0c cece cece cece cece +175°C 

ESD GClassificallon: casi css ese cet edes eee eeanes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


_ Operating Conditions | 
Supply Voltage (VCC). .............045- cand +4.5V to +5.5V = Input Low Voltage (VIL)... 0... eee ee eee ee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max Input High Voltage (VIH)...................... WVCC/2 to VCC 
_ Operating Temperature Range (Ta) ..........-. -55°C to +125°C_ Sel pe ecst 8 Manses Nata, ee 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) GROUP A sca 
PARAMETERS SYMBOL ‘CONDITIONS SUBGROUPS TEMPERATURE | MIN, | MAX | UNITS 


Supply Current VCC = 5.5V, a 
(Source) VOUT = VCC - 0.4V, +125°C, -55°C 

VIL = OV Note ewer a 

vie = OV a a 


Output Current 
(Sink) 
VIL = OV (Note 2) 


Output Voltage High VOH_ | VCC =5.5V, VIH =2.75V, 1,2,3 +25°C, +125°C, -55°C VCC V 
| IOH = -50n1A, VIL = 0.8V -0.1 
VCC = 4.5V, VIH =2.25V, Vv 
7 IOH = -50y1A, VIL = 0.8V 
Output Voltage Low | VOL VCC = 5.5V, VIH = 2.75V, 


+25°C, +125°C, “55°C 


+25°C, +125°C, -55°C 


IOH = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = 50pA, VIL = 0.8V 


-0.1 


+125°C, -55°C ae 
1. All voltages reference to device GND. 


7, 8A, 8B (425°C, +125°C, -55°C 
2. Force/Measure functions may be interchanged. | 


3. Per functional tests, VO 2 4.0V is recognized as a logic “4”, and VO = 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Pea aes 
PARAMETER SYMBOL _ CONDITIONS SUBGROUPS TEMPERATURE 
Propagation Delay | TPHL | VCC =4.5V, VIH=3.0V, a ae 
TPLH | vcC=45v,viH=30v, | 9 | +25 | 
5V, VIH = 3.0V, 2 


| MIN | 
as 
Cs 
ez 
P1011 a 

—TPHL | vcc=4s5v,viH=30v, | 9 | 425% | 4 | 
ee ec 
VCC =4.5V,VIH=3.0V, | 9 | p41 | 
: os 

feo 

a 

Ee 


Propagation Delay 
S toQ,Q 


16 
17 
12 
© 13 


Propagation Delay 
R toQ,Q 


7 
TPHL | VCC =4.5V, VIH=3.0V,- | ioe eee 425°C 
| craic +125°C, -55°C 
TPLH | VCC =4.5V, VIH =3.0V, | +25°C 1 
p10 


Output Transition TTHL | VCC =4.5V, VIH=3.0V a ee ae 11 
Time TTTLH VIL =0V 
rm =a 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


oak, 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


10 


Data to CP Set-up» 
Time 


Hold Time 


VIL=0.0V ee 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 1M LIMITS 
| ar (NOTE 1) - | 
| PARAMETERS _ SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


Output Current (Source) VCC = VIH = 4.5V 


VOUT = VCC -0.4V, VIL = 0, 


Output Current (Sink) | - 1OL VCC = VIH = 4.5V +25°C 
. - | VOUT = 0.4V, VIL =0, , 
Output Voltage High VOH VCC = 5.5V, VIH = 2.75V, +25°C 
VIL = 0.8V, IOH = -50pA -0. 

VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V, IOH = -50nA F 
VCC = 5.5V, VIH = 2.75V, +25°C 
VIL = 0.8V, IOH = 50nA 
VCC = 4.5V, VIH=2.25V, 
“| VIL = 0.8V, IOH = 50pA 


Input Leakage Current | IN| VCC =5.5V, VIN = VCC or GND 425°C 


| VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V (Note 2). 


ne TPLH 
Propagation Delay VCC = 4.5V, VIH = 3.0V, VIL = OV +25°C 
Propagation Delay VCC = 4.5V, VIH = 3.0V, VIL = OV 425°C 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


Output Voltage Low 0.1 


> 


425°C 
+25°C 


b5166 
~2O120 


—_ a — —_, + 


TABLE 5. DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMIT UNITS 


TABLE 6. APPLICABLE SUBGROUPS 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


Initial Test (Preburn-In) 100%/5004 ICC, IOUH 
Interim Test I (Postburn-In) 100%/5004 ICC, IOUH 


OD 
a 
a 
[coaneen «dt Camps | na areqenaon [ 
a ee en 
[eee SSSC*d'C aetna | 


NOTE: 
.1. Alternate Group A testing in accordance with MIL-STD-883 Method 5005 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRERAD | POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1,2, 3, 4, 7, 10, 11, 5, 6, 8, 9 14 
12,13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 5, 6, 8, 9 1,2, 3, 4, 10, 11, 12, 
13, 14 


- DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 
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ACTS74MS 


| Propagation Delay Timing Diagram and Load Circuit 


| DUT TEST. 
_ VIH POINT | 
vss CL RL 
VOH 
CL = 50pF 
OUTPUT RL = 500Q — 


80% 80% 


OUTPUT 


Pulse Width, Setup, Hold Timing Diagram Positive Edge Trigger 


- TW 


DUT TEST 


DINPUT ~------- POINT 
VIH 


VIL CL 


CPINPUT ----------------- 3 
VIH CL = 50pF 


RL = 5000 — 
VIL 


TH = Hold Time _ = - ns 
ree Sonatinas | | PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 


TW = Pulse Width 
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ACTS74MS 


Die Characteristics 
DIE DIMENSIONS 


88 x 88 mils 


2240 x 2240 mm 
METALLIZATION 


of 
4 
i 
ont 
~ 
Hr 
= 
pate 
Ww) 
ns 
Oo oO 
"noo 
Oo ®D 
§S§& 
320 GO 
O's 
OFF 
i-an 
G8 
QO @® 
ress 


GLASSIVATION 


A+ikA 


Type: SiO». 


Thickness: 8k 


YW) 
D 
& 
O 
o 
we 
maa ep) 
0 = 
zo 
ES 
bo SR 
Ww = 
ran) 


WORST CASE CURRENT DENSITY: 


< 2.0 x 10°A/cm? 
BOND PAD SIZE 


110um x 110um 
4.3 x 4.3 mils 


Metallization Mask Layout 


ACTS74MS 


y 


cP (3) fae 


i 
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$ 
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FARRIS 


SEMICONDUCTOR 


uD 


December 1992 


Features 


e 1.25 Micron Radiation Hardened SOS CMOS 
¢ Total Dose Up to 1 Mega-RAD (Si) 
° Dose Rate Upset >10'' RADs/Sec. 20ns Pulse 


° Cosmic Ray Upset Immunity < 1 x 107! Errors/Gate Day 
(Typ) 
e Latch Up Free Under Any Conditions 


e Military Temperature Range: -55°C to +125°C 


-|--- Significant Power Reduction Compared to ALSTTLICs | 


e DC Operating Voltage Range: 4.5V to 5.5V 
e Input Logic Levels 
- VIL =0.8V Max 
- VIH = VCC/2 Min 
- CMOS Input Compatibility li < 5A at VOL, VOH 


Description 


The Harris ACTS240MS is a Radiation Hardened octal 
inverting tri-state buffer having two active low enable inputs. 


ACTS240MS 


High Reliability, Radiation Hardened 
High-Speed CMOS/SOS 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW te VS 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 


Ss | 20 Le] VO 
The ACTS240MS utilizes advanced CMOS/SOS technology Be ——_—___—_-_—| 5 2 —E sb 
to achieve high-speed operation. This device is a member of ee 18 aol 
radiation hardened, high-speed, CMOS/SOS Logic Family. e ‘ ‘7 ai 
The ACTS240MS is supplied in a 20 lead Ceramic flatpack BOs CT) 5 16 I Ao2 
(K suffix) or a Dual-In-Line Ceramic Package (D suffix). AS 6 1S) Bis 
. ; B02 Ce 7 14 1 AdO3 
1 13 c=] Bl2 
BO1 aD 12 Co] A04 
' 4p; zx | 10 No Bii 
Truth Table Functional Diagram 
_ S S . NOTE: (1 of 2) 
1(19) ais > ADI 
M SEED 
2 a 
2 A02 
Al2e a —) yo—IN 16(7) 
: 4(13) = 
H = High Voltage Level Per aaa Ls 
= madi 2 A03 
L = Low Voltage Level Al3e Pe Eas on o—iN 44(5) 
X = Immaterial 6(15) = 
Z = High Impedance 
pe DF 
> A04 
“in > Ep ihes 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications ACTS240MS 


Absolute Maximum Ratings. Reliability Information 

SUDPIY VOUAGG s 2 ss cad bao lade yo te See lees A es -0.5V to+6.0V Thermallmpedance ................ Oia 8. 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DIG Wage tei es oate Sf aieee tac and 75°CWW 16°C/W 
DC Input Current, Any One Input............ 2. cece eee eee +10mA Plat PACK 252s xenon e eho xe 64°C/W 12°C/W 
DC Drain Current, Any One Output...................006- +50mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For 1, ==55°C to 00°C ocean deta eadeew ane aus 1W 
Storage Temperature Range (TSTG)....... .... 65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 12mW/C 
Lead Temperature (Soldering 10 sec) ...............4. +265°C 

Junction Temperature (TJ)... .... eee ee cece eee eee +175°C 

ESD Classification +24 via hes coos eoKeienesawe sew sees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage........ Pe ee Tee ere .. +4.5V to +5.5V Input Low Voltage (VIL). ...... 2... cee eee ee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max = Input High Voltage (VIH)..... 2.0... ee eee eee VCC to VCC/2 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS 


GROUP A | LIMITS 


SUB- 


VIN = VCC or GND 


Output Current (Sink) {e) VCC = VIH = 4.5V, 
VOUT = 0.4V, 
VIL = 0 (Note 2) 


3 


+125°C, -55°C 


se ee 
+125°C, -55°C pt | 
VOL | VCC =4.5V, VIH=4.5V, 
IOL = 50pA, VIL = OV 


pected ee 
aca Cae 
Rego 425°C, +125°C, -55°C er 

IOL = 50pA, VIL = OV 

VCC = 4.5V, VIH=4.5V, ead 425°C, +125°C, -55°C pee ea 
ae ie Ea 
23 | Ea 
bee | #0 
23 335 | 


1OH VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V VIL 
= 0 (Note 2) 


Output Current 
(Source) 


3 
> 


Output Voltage Low 


Output Voltage High VOH 


Input Leakage Current Sul 


Tri-State Leakage 1OZ 
Current 


IOH = -50p/A, VIL = OV 
425°C, +125°C, -55°C | VCC-0.1 


VCC = 5.5V, VIH = 5.5V, 
IOH = -50y1A, VIL = OV 
VIN = VCC or GND 
[asosee [| 
eee ee 
+125°C, -55°C pe | 
Noise Immunity FN 
Functional Test 


VCC = 4.5V, VIH = VCC/| 7, 8A, 8B | +25°C, +125°C,.-55°C 
2, VIL = 0.8V (Note 3) 
NOTE: 


1. All voltage referenced to device GND. 


VCC = 5.5V, Force 
Voltage = OV or VCC 


2. Force/Measure function may be interchanged. 
3. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- oe 
PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 


VCC = 4.5V, VIH = 3V, 
VIL = OV 


ee 
10.47 | 128%, -65°6 
es 
10,14 

+2 


Propagation Delay 


TPLZ 


ee 
re 
x 
a 


11.5 
Tri-State Test VCC = 4.5V, VIH = 3V, 14.0 


ViL=0 


1 4125°C, 55°C 
cs 

CI Ee 
Ce ee 
a 
= 


VCC = 4.5V, VIH = 3V, 


VCC = 4.5V, VIH = 3V, 
VIL =0 


Output Transition 
Time 


+125°C, -55°C 
: 
10, 11 +125°C, -55°C 


NOTES: 
1. All voltage referenced to device GND. 
2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE 
Capacitance Power VCC = 5V, VIH = 5V, Typical 40 | pF 
iccinati VIL = OV, f = 1MH i 
Dissipation 0 z 125°C Typical 40 


a 
ee 

= |= emer 
Bol 


UNITS 


CPD pF 
CF 
on a CO a 
| [6 | oF 

VIL = OV, f = 1IMHz 
: [10 [oF 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


8 re eA Cee 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
pene | oe 
or GND 
IOL 


A 
Output Current (Sink) VCC = VIH = 4.5V, +25°C 12 mA 
VOUT = 0.4V, VIL = 0, 
(Note 2) 


Output Current (Source) 1OH VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, 


VIL = 0, (Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOL = 50pnA 
VCC = 5.5V, VIH = 5.5V, 
VIL = OV, IOL = 50nA 
VCC = 4.5V, VIH = 4.5V, 


VIL = OV, IOH = -50pnA 


VCC = 5.5V, VIH = 5.5V, 
VIL = OV, 1OH = -50nA 


VCC = 5.5V, Force 
Voltage = OV or VCC 


Output Voltage Low 


Output Voltage High © 


Tri-State Leakage Current 


Input Leakage Current VCC = 5.5V, VIN = VCC 
. or GND 
Noise Immunity Functional VCC = 4.5V, VIL = 0.8V, 
VIH = VCC/2 (Note 3) 
Propagation Delay TPLH VCC = 4.5V, VIH = 3V, 
TPHL VIL =0V 


VOL 
VOH 
1lOZ 
FN 
Tri-State Test TPZL VCC = 4.5V, VIH = 3V, 
TPZH VIL = OV 
TPHZ 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


a era 
PARAMETER SUBGROUP DELTA LIMIT 

a SS 
2 
froanozs ie 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
Prion ToaimPosbunny | voowsone [| 
Pon SSSC*SCtce | tes | 
a 
[econ —————*dtCaroos | Te eBOTO | 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


1, 2,3,-7,-8A, 8B, 9,10,-44 —-—- 


TABLE 7. TOTAL DOSE IRRADIATION 


E D 
CONFORMANCE TEST . READ AND RECOR 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+05V | VCC =6V+0.5V | SOKHz | 5KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


3, 5, 7,9, 12, 14,16, | 1,2, 4, 6, 8, 10, 11, 13, 
18 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 5, 7,9, 12, 14, 16, 1, 2, 4, 6, 8, 11, 13, 
18 15, 17, 19, 20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) - 


3, 5, 7,9, 12, 14, 16, 2,4, 6, 8, 11, 13, 
18 15, 17 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 


TABLE 9. RADIATION TEST CONNECTIONS 


3, 5, 7, 9, 12, 14, 16, 18 6, 8, 10, 15, 17, 19 1,2, 4, 11, 13, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. 
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ACTS240MS 


Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
VS 
a <= re AE CL = 50pF 
G RL = 5000 
TPHL 
TPLH 
VOH = 
OUTPUT 
VOL ---------------------- 
Transition Timing Diagram 
TTLH TTHL AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


DUT TEST 
POINT 
CL RL CL = 50pF 
RL = 5002 0 
© 
OUTPUT “ 
VOZ. s2nccecre ts — 
vcc 
RL 
TEST CL = 50pF 
DUT POINT RL = 5002 


OUTPUT 


TRI-STATE VOLTAGE LEVELS 


20% VCC 
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Die Characteristics 


DIE DIMENSIONS: 
100 x 100 mils 
2.54 x2.54 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7. 5kA + L okA 
Metal 2 Thickness: 10kA + kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
—<2.0x 10°A/cm? - 


BOND PAD SIZE: 
110m x 110um 
6-44 mils x 4.4 mils 


Metallization Mask Layout 


BOA (3) 
Al2 (4 
Bos (5) 4 
AB (6) 
B02 (7) 


Ald (8) 


BO1 (9) } 


ACTS240MS 


ACTS240MS 


0) vec 
0) vcc 


ores 
(17) Bla 
(16) AO2 
(15) BI3 
(14) AO3 


(13) Bl2 


AO4 (12) 
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FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


e 1.25 Micron Radiation Hardened SOS CMOS 

e Total Dose Up to 1 Mega-RAD (Si) 

° Dose Rate Upset >10'' RADs(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 1 x 10" Errors/Gate day 
(Typ) 

e Latch Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to ALSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


- CMOS Input Compatibility li < 5A at VOL, VOH 


Description 


The Harris ACTS244MS is a Radiation Hardened octal non- 
inverting tri-state buffer having two active low enable inputs. 


ACTS244MS 


Radiation Hardened Octal 
Non-inverting Tri-State Buffer 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 


MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


TOP VIEW 


The ACTS244MS utilizes advanced CMOS/SOS technology AN Oooo 2 pk EE 
to achieve high-speed operation. This device is a member of ee 18 Eo ot 
radiation hardened, high-speed, CMOS/SOS Logic Family. Ale : a 
The ACTS244MS is supplied in a 20 lead Ceramic flatpack B03 CL) 5 16 —————} Ao2 2) 
(K suffix) or a Dual-In-Line Ceramic Package (D suffix). Als ———————1 6 15 —————] BI3 S 
Al4 ) 8 13 OC] BI2 
GND CJ 10 11.) BH 
Truth Table Functional Diagram 
= S S S NOTE: (1 of 2) 
INPUTS OUTPUT AE OT 0 ; | jo—P 
a ee ee | a ge eae ge ee 
2(11) oe 
ae =— 
0 = p 
L H H anes 
| Oe cee ee 
: i 6 Db: P 
H = High Voltage Level ee aT ip ies 
L = Low Voltage Level Alge Sc RSH 14(5) 
X = Immaterial 6(15) = 
Z = High Impedance 
>. | jo—ipP 
rome a aes er 
Al4e , : J} Jo—-N 42/3) 
8(17) y y = 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !1.C. Handling Procedures. File Number 31 87 
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Operating Temperature Range (Ta) ............ -55°C to +125°C 


Specifications ACTS244MS 


Absolute Maximum Ratings Reliability Information 

Supply Vollade cso iieue ds tae euws tee Seaee es -0.5V to+6.0V Thermal Impedance ................ Gia O. 
Input Voltage Range, All Inputs ......... ,...°0.5V to VCC +0.5V DIC Fe wp nee eho deere eh atte See 75°CWW 16°C/W 
DC Input Current, Any One Input.............. 0. e eee eens +10mA FlatPack svar cusvace ee abetaese 64°C/W 12°C/W 
DC Drain Current, Any One Output...............00 eee eee +50mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta = -55°C to +100°C .......... Natit eet eer 2. IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10 sec) ..............08: +265°C | 

Junction Temperature (TJ) .......... geeeetanwetons +175°C 

ESD Classification ............ pasate de clece a sim wap ares Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage... 0... . cc eee ee eee eee +4.5V to+5.5V —— Input Low Voltage (VIL).......... cece ee cece ewes 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max Input High Voltage (VIH)........... hme Mantes VCC to VCC/2 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS | 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE | omin | omax | UNITS 


GROUP A 
SUB- 
GROUPS 


Output Current (Sink) “TOL VCC = VIH = 4.5V, 
VOUT = 0.4V, 


ee 


VIL = 0 (Note 2) 


Zz 


m 
m 


Output Current IOH VCC = VIH = 4.5V, A 
(Source) VOUT = VCC - 0.4V VIL 

. = 0 (Note 2) 
Output Voltage Low VOL VCC = 4.5V, VIH = 4.5V, 1,2,3 +25°C, +125°C, -55°C . 


IOL = 50pA, VIL = OV 


VCC = 5.5V, VIH = 5.5V, 
IOL = 50pA, VIL = OV 


VOH VCC = 4.5V, VIH = 4.5V, 


ee | +25°C, +125°C, -55°C | VCC-0.1 oa 
ee 425°C, +125°C, -55°C | VCC-0.1 Les 


Output Voltage High 


IOH = -50pA, VIL = OV 
VCC = 5.5V, VIH=5.5V, 


IOH = -50pA, VIL = OV 


Input Leakage Current VCC = 5.5V 
VIN = VCC or GND 
ik 


Tri-State Leakage VCC = 5.5V, Force 
Voltage = OV or VCC +125°C, -55°C 
Noise Immunity FN VCC = 4.5V, VIH = VCC/| 7, 8A, 8B 425°C, +125°C, -55°C 
2, VIL = 0.8V (Note 3) 


ee 

+125°C, -55°C poe | +1.0 
ed 
at 


Tso 


Current 


EREEEEEE 


NOTE: . 
1. All voltage referenced to device GND. 
2. Force/Measure function may be interchanged. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


7-36 


Specifications ACTS244MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS 
Propagation Delay TPLH VCC = 4.5V, VIH = 3V, 
VIL = 0V 
TPHL 
Tri-State Test TPZL VCC = 4.5V, VIH = 3V, 
VIL =0 
| TPZH 
TPLZ VCC = 4.5V, VIH = 3V, 
VIL=0 
TPHZ 


Output Transition LH VCC = 4.5V, VIH = 3V, 
Time VIL=0 


NOTES: 
1. All voltage referenced to device GND. 


‘GROUP | 
A SUB- 

GROUPS TEMPERATURE 
ee 
10, 11 ~ +4125°C, -55°C 
ce 
10, 11 +125°C, -55°C 


1 
1 
1 
ee 
+125°C, -55°C 
es 
+125°C, -55°C 


2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


Oo 
Oo 
O 
= 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee ee ee a 
PARAMETERS SYMBOL CONDITIONS . TEMPERATURE | MIN | MAX | UNITS 
Quiescent Current ICC VIN = 5.5V, VIN = VCC 5°C mA 
pamenowen | leone |e 

~10L 


+2 
Output Current (Sink) VCC = VIH = 4.5V, +25°C 
VOUT = 0.4V, VIL = 0, 
(Note 2) 
VCC =VIH=4.5V, +25°C -12 
VOUT = VCC - 0.4V, 
VIL = 0, (Note 2) 


Output Current (Source) 


Output Voltage Low VCC = 4.5V, VIH = 4.5V, 


VIL = OV, IOL = 50nA 


VCC = 5.5V, VIH = 5.5V, 


i Output Voltage High 


: ‘J 
VIL=OV,1OL=S0A | 
VOH VCC = 4.5V, VIH = 4.5V, +25°C VCC-0.1 
VIL = OV, IOH = -50HA 
VCC = 5.5V, VIH = 5.5V, VCC-0.1 
VIL = OV, IOH = -50pnA | 
Tri-State Leakage Current 1OZ a 
Input Leakage Current Le 
Tz | a 


VCC = 5.5V, Force +25°C 
Voltage = OV or VCC 

VCC = 5.5V, VIN = VCC +25°C 

or GND 
Noise Immunity Functional VCC = 4.5V, VIL = 0.8V, +25°C 
VIH = VCC/2 (Note 3) 
Propagation Delay TPLH VCC = 4.5V, VIH = 3V, 

TPHL VIL = OV 


Tri-State Test TPZL 
. TPZH 

TPHZ 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 3V, 
VIL = OV 


_ 
om 
So 


= 
Bi 
(oo) 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| raraueren | suonove | _oetraumr 
PARAMETER | SUBGROUP DELTA LIMIT | 

mee 
cn 
foanoze 
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TABLE 6. APPLICABLE SUBGROUPS 


risa Test Posturi) > _vooweooe [ne OP 
ncaa 
haces 


Group A (Note 1) Sample/6005 1,2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. . 


TABLE 7. TOTAL DOSE IRRADIATION . 


CONFORMANCE _READ AND RECORD 
GROUPS METHOD | PRERAD | POST RAD PRE RAD. POST RAD | 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


. OSCILLATOR 
1/2 VCC =3V+0.5V VCC =6V + 0.5V 


STATIC BURN-IN I TEST CONDITIONS (Note-1)_ 


3,5, 7,9, 12, 14,16, | 1,2, 4,6, 8, 10, 11, 13, 
18 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3,5, 7, 9, 12, 14, 16, 1, 2, 4, 6, 8, 11, 13, 
18 15, 17, 19, 20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 1) 


1, 10, 19 3, 5,7, 9, 12, 14, 16, 20 2,4, 6, 8, 11, 13, 
18 15, 17 


NOTE: 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 


TABLE 9. RADIATION TEST CONNECTIONS 


3, 5, 7, 9, 12, 14, 16, 18 6, 8, 10, 15, 17, 19 1,2,4,11, 13,20 © 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. 
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LOGIC 


ACTS244MS 


Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 


POINT 


CL RL CL = 50pF 


RL =500Q 


ACVOLTAGELEVELS = 


PARAMETER 


Tri-State High Timing Diagram and Load Circuit 


DUT TEST 
POINT 
CL RL CL = 50pF 
RL = 500Q 
VIH vcc 

VSS RL ae 

CL = 50pF 

TEST 

voZ DUT POINT RL = 500Q 
VOL 
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ACTS244MS. 


Die Characteristics 


DIE DIMENSIONS: 
100 x 100 mils 
2.54 x 2.54 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7. 5kA at 2kA 
Metal 2 Thickness: 10kA + okA 


GLASSIVATION: 
Type: SiO2 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
110m x 110m 
4.4 mils x 4.4 mils 


Metallization Mask Layout 


ACTS244MS 
8) 8) 
= fu od 4 
< < Fe 
x = a a 


aoe pe pea Yr YY Ty) 


PANE sz 
oN 069 L EILIIppeerereesaiaty ida 3 


hal 


: 


Al2 (4) 


pai 


BO3 (5) (a 


= 


Al3 (6) a 


~ 


BO2 ) F 


SS 


“8 
i 
“1 


‘fa “otea 


y 


Al4 o| : 


em 


BO1 @) V 


LS rma ihr Es, 


GND (1 
GND (1 
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BI1 an) 


wworecas? : 


A (18) AO1 
adhe (17) Bis 
- we. (16) AO2 

nn ke ade : a 
hoo 
) Teng @ (15) BIS 
> a =. 

Paes; 8 (14) AO3 
| 1! - (13) BI2 
. dame ' 

A04 (12) 


006 6 0:86:08 


LOGIC 


BHARRIS § ACS245MS 


Radiation Hardened Octal 


December 1992 Non-Inverting Bidirectional Bus Transceiver 
Features Pinouts | 
20 PIN CERAMIC DUAL-IN-LINE | 
* 1.25 Micron Radiation Hardened SOS CMOS MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW | 


¢ Dose Rate Upset >10'' RADs(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity <1 x 10 Errors/Gate Day 
(Typ) 
¢ Latch Up Free Under Any Conditions 
¢ Military Temperature Range: -55°C to +125°C 
__e Significant Power Reduction Compared to ALSTTLICs. |... - — —- ——- 
e DC Operating Voltage Range: 4.5V to 5.5V 
e Input Logic Levels 
- VIL = 0.3 VCC Max 
- VIH = 0.7 VCC Min 


- CMOS Input Compatibility li < 5A at VOL, VOH 


err. 20 PIN CERAMIC FLAT PACK 7 
Description MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


TOP VIEW 
The Harris ACS245MS is a Radiation Hardened octal non- 
inverting bidirectional bus transceiver intended for two-way 


asynchronous communication between data busses. a aes : . aaa sg 
The ACS245MS utilizes advanced CMOS/SOS technology | AS 5 18 ——————_ Bo 
to achieve high-speed operation. This device is a member of 1 emneemnomemarems (F | 17 BI 
radiation hardened, high-speed, CMOS/SOS Logic Family. Ss 5 1646 ———_—_—_—"—"] B2 
The ACS245MS is supplied in a 20 lead Ceramic flatpack (K 1 a ee 
suffix) or a Dual-In-Line Ceramic Package (D suffix). thane FA Se 
As I 8 13 2 BS 
| A ES FF * 12 Cd] BE 
GND 10 1 87 
Truth Table Functional Diagram 


: (1 of 8) 


wwswvwwewnrwrwr own ow www wow eer www www wow www ewww ew OO Ow Ow we we wr worn ea 


INPUTS 
OPERATION 


| on 

oe (ee _ L | | BDatatoABus | 
es ee 
pf teoaton 
| H = High Voltage Level | 

L = Low Voltage Level 


X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3198 
Copyright © Harris Corporation 1992 7.42 


Specifications ACS245MS 


Absolute Maximum Ratings Reliability Information 

SUDDIY VOlilage cms sais cask Nye ec eae ete ewe eks -0.5V to+6.0V Thermal Impedance ................ Gia 86 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DIG Pitaed oer veeiamaene ee ees 75°C/W 16°C/W 
DC Input Current, Any One Input............. 02.2 e eens +10mA PIAURACK «dvs dwke scohtenWie's ebeien 64°C/W 12°C/W 
DC Drain Current, Any One Output............... eee ee +50mA ___— Power Dissipation per Package (PD). 

(All Voltage Reference to the VSS Terminal) For Ta = -55°C to +100°C:. ccc ce ete cece 1w 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10 sec) ................. +265°C 

Junction Temperature (TJ)... 6... cece ec eee ees +175°C 

ESD Classification ........ 0... ccc ee cece ewes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUDPIY VO!LADG ccc ca cei wee ceed ede dave ee ede +4.5V to+5.5V —_ Input Low Voltage (VIL)..............008- 0.0V to 0.3VCC Max. 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max Input High Voltage (VIH)...............6.. 0.7VCC to VCC Min. 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE Son | omax. | UNITS 


VOUT = 0.4V, VIL =0 
OH =| VCC =VIH=4.5V, +25°C oa 


T=V - 0.4V 
vOut ea yea 04 2,3 +125°C, -55°C 42 


ee 
+25°C, +125°C, -55°C ae 


Output Current 
(Source) 


Output Voltage Low VOL 


VCC = 4.5V, VIH = 4.5V, 
+25°C, +125°C, -55°C 


mA 
V 
IOL = 50pA, VIL = OV 
VCC = 5.5V, VIH=5.5V, 
425°C, +125°C, -55°C | VCC-0.1 rahe 


Output Voltage High VOH 


Input Leakage Current i 
| Tri-State Leakage 1OZ 
Current 
Noise Immunity FN 
Functional Test 


NOTES: 


VCC = 4.5V, VIH = 4.5V, 
IOH = -50p/A, VIL = OV 


VCC =5.5V, VIH=5.5V, 
IOH = -50pA, VIL = OV 


VCC = 5.5V 
VIN = VCC or GND 
VCC = 5.5V, Force 
Voltage = OV or VCC 


VCC = 4.5V, 
VIH = 0.7VCC, 
VIL = 0.3VCC (Note 3) 


1,2,3 
IOL = 50pA, VIL = OV 
1,2,3 
1,2,3 
a ae 
1. All voltage referenced to device GND. 


Ee 
+125°C,-55°C | = | 485 
_ - 
2. Force/Measure function may be interchanged. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


+25°C, +125°C, -55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


mel ses 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS | TEMPERATURE min | UNITS 
Propagation Delay VCC = 4.5V, VIH = 4.5V, a a eee ee 
ee ee 
Tri-State Test VCC =4.5V, VIH=45V, | 9 | =e 
| Ven — +125°C,-55°C | 2 | 
re a ee 
| tot | H2src, 85°C | 2 | 15.0 
2 
Lee! 
Ee 
os 
La 
Ce 


VCC = 4.5V, VIH = 4.5V, 225°C __ 


| [9 Wocaanviicas, [9 [are 
: ° . 10, 11 +125°C, -55°C 


ee 
| | 10,11 | +125°C, -55°C 
Output Transition VCC = 4.5V, VIH = 4.5V, a a 


ne 7 oes +125°C, -55°C 
10, 11 +125°C, -55°C 


14.5 


NOTES: . 
1. All voltage referenced to device GND. 
2. Measurements made with CL = 50pF, RL = 500Q, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 
Capacitance Power Cc VCC = 5V, VIH = 5V, 
Dissipation 


PD 
. VIL = OV, f = 1MHz 
Input Capacitance | CIN | 


ce 
a 
a ce 
a 
a ee 
a = 


Output Capacitance | COUT | VCC =5V, VIH=5V, 
| VIL = OV, f = 1MHz 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
Quiescent Current | VIN = 5.5V, VIN = VCC +25°C 0.4 mA 
ae 


CC 
Output Current (Sink) 1OL VCC = VIH = 4.5V, 
VOUT = 0.4V, VIL = 0, 
(Note 2) 


7-44 


Specifications ACS245MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


1 MRAD LIMITS — 


3 
> 


Output Voltage High 


+35 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Output Current (Source) IOH VCC = VIH = 4.5V, +25°C 
VOUT = VCC - 0.4V, 7 
VIL = 0, (Note 2) 
Output Voltage Low VOL +25°C 
VIL = OV, IOL = 50nA 
— | VCC =5.5V, VIH =5.5V, 
VIL = OV, [OL = 50pnA 
VOH ~_—|§ VCC =4.5V, VIH = 4.5V, +25°C VCC -0.1 
VIL = OV, IOH = -50nA 
VCC = 5.5V, VIH = 5.5V, VCC -0.1 
VIL. = OV, IOH = -50nA 
Input Leakage Current VCC = 5.5V, VIN = VCC 425°C 
or GND 
Noise Immunity Functional FN VCC = 4.5V, VIL =.3 +25°C 
VCC, VIH = .> VCC 
Propagation Delay 
Tri-State Test TPZL 
TPLZ 


(Note 3) 


TPLH VCC = 4.5V, VIH = 4.5V, +25°C 1 
VIL = OV 
TPHL sesh 1 


15.0 


VCC = 4.5V, VIH = 4.5V, 
Tri-State Leakage Current VCC = 5.5V, Force +25°C 
Voltage = OV or VCC 
TPZH 


TPHZ 
NOTES: 


VCC = 4.5V, VIH = 4.5V, +25°C 
VIL = OV 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


_ 
oe 
ol 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


are 2 ee 
PARAMETER SUBGROUP DELTA LIMIT 

a 
frownozs dA 


TABLE 6. APPLICABLE SUBGROUPS 


PDA 100%/5004 1, 7, 9, Deltas ee eee od 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


a 
[erewpawoe __—————*dtCSarpeoos eer | 

[Saaewes | sempeeoos | une if 
[eco SC*dC eros Tee TOT | 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 


CONFORMANCE 


-|-—----G@roups~---- -]- METHOD | PRERAD | POSTRAD | PRERAD | POST RAD 
Group E Subgroup 2 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OPEN = | ~——s GROUND 12VCC=3V+0.5V |} VCC=6Vi0.5V | OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) , 


ae ee a ee ee 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 1) 


Sa ace RE I ee ee ee ee 


DYNAMIC BURN-IN Il TEST CONNECTIONS (Note 2) | 


NOTES: . 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% for burn-in. 


2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer, 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
ee wut > cL RL CL = 50pF 
RL = 500Q 
TTLH TTHL AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


DUT TEST 
POINT 
cL RL CL = 50pF 
RL = 500Q 
OUTPUT 
VOZ ------------ = 
vcc 

RL 
TEST CL = 50pF 
DUT POINT RL = 5002 


20% VCC 


% 
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Die Characteristics 


- DIE DIMENSIONS: 
‘96 x 117 mils 
2.44 x 2.97 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7.5kA + 2kA 
Metal 2 Thickness: 10kA + 2kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
— €2.0x10°A/em?. | 


BOND PAD SIZE: 
110um x 110m 
4.4 mils x 4.4 mils 


Metallization Mask Layout 
ACS245MS 


DIR 
(1) 


yvcc 


vcc 
. (20) (20) 


2 
yn ae 4 She Gas} al 
7 Te Tia ML HU} 
UEC a 


x 


ae mth ol ~~ 
a5 pa se ty Mele i=l ei os oes 


Y 


a 


HY AE EY 


z 
= 
+ 


I, Pe i 


( 


A 


—— 
ip ee: 


= 


Sar nd tad) al 
iE UW UTE WEL 


a ni 
ttt 


\ 


aps 
cy 
oie 


Hearne 
i 
Cait 


™ 
aren 
4 


—— 
Ea 34 


‘eo 
——h 
bets 1 Hy 
t 


\ 


if 


f ALLE 
See 


=> \)) | Eee 
Eye 


f x | . 


Hifi ily 


| Aa 
HH 
a 


f 


(10) (10) 
GND GND. 


(11) 
B7 
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(14) B4 


(13) BS 


Fore thr ACTS245MS 


Radiation Hardened Octal 


m 


December 1992 Non-Inverting Bidirectional Bus Transceiver 
Features Pinouts 
20 PIN CERAMIC DUAL-IN-LINE © 
¢ 1.25 Micron Radiation Hardened SOS CMOS MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) | TOP VIEW 


¢ Dose Rate Upset >10'' RADs(SI)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 1 X 10" Errors/Gate -day 
(Typ) 

e¢ Latch Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to ALSTTL ICs 

DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


- = CMOS Input Compatibility li < 5A at VOL, VOH 


ot 20 PIN CERAMIC FLAT PACK 
Descr. iption MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
The Harris ACTS245MS is a Radiation Hardened octal non- TOP VIEW 


inverting bidirectional bus transceiver intended for two-way 
asynchronous communication between data busses . 


The ACTS245M6 utilizes advanced CMOS/SOS technology 
-to achieve high-speed operation. This device is‘a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The ACTS245MS is supplied in a 20 lead Ceramic flatpack 
(K suffix) or a Dual-In-Line Ceramic Package (D suffix). 


oonrondgs © ND = 


_ 
oS 


Truth Table Functional Diagram 


INPUTS 
OPERATION 


A Data to B Bus 


H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3188 
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Absolute Maximum Ratings i Reliability Information 


SUDDIV VONAGG sis 2s. ste oueasete ree xee esas -0.5V to+6.0V Thermal Impedance ................ Gia Bi 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DiGi anc cde ela ute hea wee lak 75°C/WW 16°C/W 
DC Input Current, Any One Input................ 0c eee eee +10mA Flat Pack ............. Pease eases 64°C/W 12°C/W 
DC Drain Current, Any One Output.............. Sp aaesaee +50mA _ Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) . . JPOP T= 255°C tO 100 acces say cue saws ene 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10 sec) ............... 4. +265°C © . 

Junction Temperature (TJ) ...... 0. ccc cece ec ceceees 3. +175°C © 

ESD Classification... 0... 0. cece cece cece eee eens Class 1 


CAUTION: As with all semiconductors, stress listed under.“Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended: periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. . 


Operating Conditions 


Supply Voltage -. 1... eee cee eee eee eee 2. +4.5V to +5.5V Input Low Voltage (VIL)............. PET eae ee eR 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max Input High Voltage (VIH)................. Coa VCC to VCC/2 


Operating Temperature.Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


UNITS 


en | GROUP A 
SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current exe VCC = 5.5V, a ae 
VIN = VCC or GND 125°C, -55°C 


Output Current (Sink) IOL VCC = VIH = 4.5V, 
VOUT = 0.4V, 
VIL = 0 (Note 2) 


— 


400 


3 


+125°C, -55°C 


+125°C, -55°C -12 


IOH VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V VIL 
= 0 (Note 2) 


Output Current 
(Source) 


3 


Output Voltage Low VOL VCC = 4.5V; VIH = 4.5V, +25°C, +125°C, - . 
IOL = 50pA, VIL = OV 55°C 
lOL = 50p/A, VIL = OV 

Output Voltage High VOH VCC = 4.5V, VIH = 4.5V, 


+25°C, +125°C, -55°C | VCC-0.1 
+25°C, +125°C, -55°C | VCC-0.1 


+25°C, +125°C, -55°C 


1IOH = -50uA, VIL = OV 


VCC = 5.5V, VIH = 5.5V, 
IOH = -50pA, VIL = OV 


VCC = 5.5V 
VIN = VCC or GND 


+0.5 
41.0 . 
+1.0 


pA 


pA 


ae 
ea 
Sk 
VCC = 5.5V, VIH=5.5V, Cae 425°C, +125°C, -55°C 
ated 
ee) 
a ae 


H 
GO) 
oO 


2,3 
2,3 
1 
1,2,3 
7, 8A, 8B 


1. All voltage referenced to device GND. 
2. Force/Measure function may be interchanged. - 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
(NOTES 1, 2) 


PARAMETER SYMBOL CONDITIONS TEMPERATURE 
Propagation Delay TPLH | VCC=4.5V, VIH=3V, a ie 
vie oy Pt AGaa | 4125°C, -55°C 


TPHL 
lat 
Tri-State Test TPZL | VCC=45V,VIH=3v, | 9 | 428°C | 


10, 114 +125°C, -55°C 
TPHZ 


NOTES: 


VIL =0 
10, 11 +125°C, -55°C 
1. All voltage referenced to device GND. 

2. Measurements made with CL = 50pF, RL = 500Q, Input TR= TF = 3ns 


UNITS 


oS Go 
om io) : 


10.0 


10.0 
15.5 


3 


ao 


16.0 
17.0 
17.0 


eed 
ce 
| 10,11 | +125°C, -55°C 
ce 
4125°C, -55°C 


VCC = 4.5V, VIH = 3V, 
VIL=0 


Output Transition 
Time 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 
Capacitance Power CPD VCC = 5V, VIH = 5V, 
Dissipation VIL = OV, f = 1MHz 

CIN 


Input Capacitance VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


Output Capacitance COUT VCC = 5V, VIH = 5V, 
VIL = OV, f = 1MHz 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 1 MRAD LIMITS 


7-51 


Quiescent Current ICC VIN = 5.5V, VIN = VCC +25°C 0.4 mA 
or GND 


LOGIC 


tail calle ACTS245MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (continued) 


(NOTES 1, 2) 1 MRAD LIMITS | 
PARAMETERS ‘SYMBOL CONDITIONS TEMPERATURE | min | MAX | UNITS 


Output Current (Sink) - : ‘VCC = VIH = 4.5V, 
| VOUT = 0.4V, VIL = 0, 
(Note 2) 


Output Current (Source) - VCC = VIH = 4.5V, 
; VOUT = VCC - 0.4V, 
VIL = 0, (Note 2) 


Output Voltage Low ~ 1 VCC = 4.5V, VIH = 4.5V, 
| ] VIL = OV, IOL = 50nA 


VCC = 5.5V, VIH =5.5V, 
VIL = OV, IOL = 502A 


Output Voltage High _ ‘| VCC = 4.5V, VIH = 4.5V, 
VIL = OV, IOH = -50UA 


| VCC =5.5V, VIH =5.5V, 


VIL = OV, IOH = -50pA 


Tri-State Leakage Current VCC = 5.5V, Force 
Voltage = OV or VCC 

Input Leakage Curent VCC = 5.5V, VIN = VCC +25°C 
or GND 

Noise Immunity Functional VCC = 4.5V, VIL = 0.8V, +25°C 
VIH = VCC/2 (Note 3) 


+25°C 

Propagation Delay VCC = 4.5V, VIH = 3V, 25°C 
VIL = OV 

25°C 


Tri-State Test VCC = 4.5V, VIH = 3V, +25 
VIL = OV 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = SOpF, jab TR = TF = 3ns, VIL = GND, VIH = 3V. 
_3. For functional tests, VO 2 4.0V is recognized as a logic “{", and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH | +15% of 0 Hour 
| 10ZLI0ZH Doe Mita Se 7 +200nA 


TABLE 6. APPLICABLE SUBGROUPS 


a 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


Protest Pesbun) | owen [we 
OO 
a 
LN a 
ee os ee ee 
[eee S*d;C apes | aren eevan [| 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


E 
CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: | 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V | S0KHz | KHz 


STATIC BURN-IN I TEST CONDITIONS (Note 1) 


a ee eC ee ee ee ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


| |. | ae 
DYNAMIC BURN-IN | TEST CONNECTIONS (Note 1) — 

a EO 

[=e] =» 7 «© | wwe 


1. Each pin except VCC and GND will have a resistor of 6BBOKQ + 5% for burn-in. 


2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures. . 
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Propagation Delay Timing Diagram and Load Circuit 


DUT - TEST 
POINT 
cL == RL CL =50pF 
} RL = 5000 
TTLH TTHL AC VOLTAGE LEVELS 


OUTPUT 


DUT TEST 
POINT 

i oR CL = 50pF 
RL = 5000 

OUTPUT | 

VOZ ----------- = 

vec 
RL | 

Test: CL = ORF 
DUT POINT RL = 500Q 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
96 x 117 mils 
2.44 x 2.97 mm 


METALLIZATION: 
Type: AlSiCu 
Metal 1 Thickness: 7.5kA + 2kA 
Metal 2 Thickness: 10kA + 2k 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Silver Glass 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 

110m x 110m 

4.4 mils x 4.4 mils 
Metallization Mask Layout 


ACTS245MS 


AO DIR vcc vcc OE 
(2) (1) (20) (20) (19) 
l ag } 
ie CO | 
8 = pat is ec] G —s aa 
Al (3) ! a =: (id ts ICL 0 
ana oa |e ae i An mI cTHSH 
aly, ae A 
ta ee ee as fe it— 
Tels i | ANG : { i ae ae 
‘et oe LN SRS Pray | 
Danny Lieut TN At hae 
TATED] SS y (i 
a at : \ 


U 
oe j = 


f ay pal eS eee 
Catal fas ie PS cc 
es tia itp eee) 
7 mes RE Roser a 
fe: oid 1S 
oa —j at 
| eg ain i EG 
yarn ial § Po 


A2 (4) : = 
psrenree, : 
ea 
ean i 
eteet 
A3 (5) | rT A 
2s 
So aga orn 
= St tit 
SEES 
AA (6) ETT] gd ws) Bs 
3 qs 
ni Titalite Tih tela 
cain TOE 
pi Es a) ee 

AS (7) 

AG (8) Hi tar ) 
ere: es BES 
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Brenms ACS630MS 


Radiation Hardened EDAC 


December 1992 (Error Detection and Correction Circuit) 
Features : 7 Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 28 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-183S DESIGNATOR CDIP2 - T28, LEAD FINISH C © 
¢ Total Dose Up to 1 Mega-RAD (Si) © TOP VIEW | 
° Dose Rate Upset >10'' Rads(Si)/s,.20ns Pulse eta 
° Cosmic Ray Upset Immunity (1 x 107'') Errors/Bit Day |. peo fa) 
e Latch-Up Free Under Any Conditions. DB1 | 3| 
¢ Military Temperature Range: -55°C to +125°C DB2 + 
DB3 
_* Significant Power Reduction Compared toLSTTLICs. | 0 pate : : 
e DC Operating Voltage Range: 4.5V to 5.5V DB5 
e Input Logic Levels DB6 [8 | 
- VIL = 0.3 VCC Max DB7 {91 
- VIH =0.7 VCC Min DBs [10] 
Input C Levels li<5 VOL, VOH DBs [i 
¢ Input Current Levels li < 5uA at ; pein fia 
e Fast Processing Time DB11 
- Write Cycle: Generates Check Word in 20ns (Typ) GND 


- Read Cycle: Flags Errors in 10ns (Typ) 


Description 

et 28 PIN CERAMIC FLAT PACK 
The Harris ACS630MS is a Radiation Hardened 16-bit | 4 _stp.1g395 DESIGNATOR CDFP3-F28, LEAD FINISH C 
parallel error detection and correction circuit. It uses a TOP VIEW 


modified Hamming code to generate a 6-bit check word from 
each 16-bit data word. The check word is stored with the 


data word during a memory write cycle, during.a memory DEO : . 
read cycle a 22-bit word is taken form memory and checked | 081 3 
for errors..Single bit errors in the data words are flagged and Bae s 
corrected. Single bit errors in check words are flagged but | . DB4 6 
not corrected. The position of the incorrect bit is pinpointed, | Ba? f 

in both cases, by the 6-bit error syndrome code which is | ps7 9 
output during the error correction cycle. | nt 

The ACS630MS utilizes advanced CMOS/SOS technology {| 2810 


to achieve high-speed operation. This device is amember of | @np 
radiation hardened, high-speed, CMOS/SOS Logic Family . 


The ACS630MS is supplied in a 28 lead Ceramic flatpack (K 
suffix) or a Ceramic Dual-In-Line Package (D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3199 
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ACS630MS 


Function Tables 


Control Functions 


ie ae ae 
MEMORY 
CYCLE EDAC FUNCTION DATA VO CHECKWORD 


WRITE Sate Generates Checkword Input Data Output Checkword = 


READ Kel Read Data and Check-_ | Input Data Input Checkword 
word 


READ Latch and Flag Error Latch Data Latch Checkword Enabled Enabled ]- 
READ Correct Data Word and_ | Output Corrected Output Syndrome Enabled Enabled 
Generate Syndrome Bits | Data Bits 


Check Word Generation — 


16-BIT DATA WORD 


SYNDROME 
ERROR 


LOGIC 


TOTAL NUMBER OF ERRORS ERROR FLAGS 
"46-BIT DATA 6-BIT CHECKWORD. ae ae 


DATA CORRECTION 


ee 
a ae a 
a Ee ee 
ane San [ton [tn 
A A SE T_T 
a 
ae ee 
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Specifications ACS630MS 


Absolute Maximum Ratings Reliability Information 

Supply. VONE0G <2.4 53.34. SiG ei ede eee nee tiaains -0.5V to+6.0V Thermal Impedance ................ Gia Be 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DIC oie aS eee area oes saceware 7T5°CIW 1B°C/W 
DC Input Current, Any One Input.......... eee ee Pere reer tIOMA:- ~ Flatpacks.< civscokeed die hues en's . 64°C/W 12°C/W 
DC Drain Current, Any One Output ............ eee 50mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) FOr Fee 59 ClO 100 CO ce a Wim tes Gis e a viaiare eee: 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...... sd iaie dauisisletatevene +265°C . 
Junction Temperature (TJ) ............ eer rer a hou e: 

ESD Classification ...... ie Sieh wastnes AE CT Se Tee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUDDIY VONAGE ssaiwiies tee stewie sinewdanwaeas +4.5V to +5.5V Input Low Voltage (VIL)...............000- 0.0V to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ....10ns/V Max Input High Voltage (VIH)...............56- 70% of VCC to VCC 


Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 
LIMITS. 


‘(NOTE 1) GROUP A ae : 
VIN = VCC or GND ——— 
ase 
+125°C, -55°C | 12 | 
ee 


Output Current IOL1 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 
(Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


VCC = 4.5V, VIH = 4.5V, | 
VOUT = 0.4V, VIL = OV 
(Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50p/A, VIL = 1.35V 


VCC = 5.5V, VIH =3.85V, 
IOH = -50pA, VIL = 1.65V_ 
VOL | VCC =4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


Input Leakage VCC=5.5V,VIN=VCCor | 1 a eee 40.5 | pA 
sue | tag +125°C,-55°C . | - | #50] HA 
tal : 


Output Current 


SOUIce) +125°C, -55°C 


ae 
ae 
Reel 
= ce 

| 4+125°C, -55°C p=] mA | 
nes 


DEF, SEF Output 
Current (Source) 


A 
7) 


DEF, SEF Output 
Current (Sink) 


+125°C, -55°C -4.0 


1,2,3 +25°C, +125°C, -55°C |} VCC. 
| | - 0.1 
1 +25°C, +125°C, -55°C | VCC 
| -0.1 
1 +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Output Voltage High 


Output Voltage Low 


,2,3 
(epae' 
1,2,3 


Tri-State Output VCC = 5.5V, 
Leakage Current F Vol = 0Vor VC 
eakage Curren orce Voltage = OV or VCC 125°C, -55°C 


VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
VIL = 1.35V (Note 3) 


7, 8A, 8B 


+: 

ye) 

a 
() 


2. Force/Measure functions may be interchanged. | 
3. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay VCC = 4.5V, VIH = 4.5V, 
DB to CB VIL = OV 
TPLH | VCC=4.5V, VIH=4.5V, 


Propagation Delay TPLH | VCC =4.5V, VIH=4.5V, 
1 to DEF VIL = OV 

are +125°C, -55°C 

Propagation Delay TPLH | VCC=4.5V, VIH=4.5V, 


S1 to SEF 


Propagation Delay TPHZ | VCC =4.5V, VIH=4.5V, 
nail hall aes 
TPLZ | VCC =4.5V, VIH=4.5V, 1 


Propagation Delay TPZH VCC = 4.5V, VIH = 4.5V, +25°C 
SO to DB/CB aad VIL = OV +125°C, -55°C 
TPzL | VCC =4.5V, VIH=4.5V, 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS . 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTE TEMPERATURE | MIN | MAX | UNITS 


Operation Current VCC = 5.0V, VIH = 5.0V, 1 Typical 4.25 
DB = OV, f= 1MH 
os ae yar eens +125°C, -55°C Typical 4.75 
VCC = 5.0V, VIH = 5.0V, 1 +25°C ee ee | pF 
VIL = OV, f = 1MHz 5 
a 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


VCC = 5.0V, VIH = 5.0V, 
VIL = OV, f = 1MHz 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| re | 4MRAD LIMITS 
_ PARAMETERS -_ SYMBOL CONDITIONS | TEMPERATURE | MIN | MAX | UNITS 


Output Current (Sink) IOL1 VCC = VIH = 4.5V, VOUT = 0.4V, +25°C 
Output Current (Source) VCC = VIH = 4.5V, 


VOUT = VCC - 0.4V, VIL =0 
input Leakage Current VCC =5.5V, VIN = VCC or GND +25°C 


DEF, SEF Output Current (Sink) IOL2 VCC = VIH = 4.5V, VOUT = 0.4V, » 425°C 
VIL=0 

Tri-State Output Leakage Current VCC = 5.5V, Force Voltage = OV or — +25°C 
VCC 


+25°C 


| +25°C 


425°C 


+25°C 


< 


Output Voltage High 


VCC = 5.5V, VIH = 3.85V, +25°C 


VIL = 1.65V, IOH = -50pA 


i+ 
oO 


DEF, SEF Output Current (Source) VCC = VIH = 4.5V, © +25°C 
. VOUT = VCC - 0.4V, VIL =0 
Output Voltage Low 
Noise Immunity Functional Test FN VCC = 4.5V, VIH = 3.15V, VIL = 1.35V +25°C 
(Note 3) 
Propagation Delay DB to CB TPHL VCC = 4.5V, VIH = 4.5V, VIL = OV +25°C 
TPLH | +25°C 


VCC = 4.5V, VIH = 3.15V, 
Propagation Delay S1 to DEF TPLH VCC = 4.5V, VIH = 4.5V, VIL = OV 425°C © 
Propagation Delay SO to DB/CB TPHZ VCC = 4.5V, VIH = 4.5V, VIL = OV +25°C 


pare a ye) 
i © = 
rs) a on 


< 
So]|So0 


VIL = 1.35V, IOL = 50pA 

‘VCC = 5.5V, VIH = 3.85V, 

VIL = 1.65V, IOL = 50pA 

Propagation Delay S1 to SEF TPLH VCC = 4.5V, VIH = 4.5V, VIL = OV +25°C 
Propagation Delay SO to DB/CB TPZH VCC = 4.5V, VIH = 4.5V, VIL = OV _ +25°C 
| — TPZL +25°C 
NOTES: 
1. All voltages referenced to device GND. 


VCC = 4.5V, VIH = 3.15V, 
VIL = 1.35V, IOH = -50pA 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


es 
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TABLE 6. APPLICABLE SUBGROUPS | 


a O 
i - 10 ’ 
10 
10 


PDA 

a 
a 
[oom awe _———*dtCSampnteoos | a arenenaion | 
ee ee 
[eos SSS~*dC rps | om ew STO | 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 7 


TEST READ AND RECORD 
METHOD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN Test which will be performed 100% Go/No-Go. 


CONFORMANCE GROUPS 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 3 
12VCC=3V+0.5V | VCC=6V+0.5V | S0kHz =| 5kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


ee ran ae Pe a ae a ant a a 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 68OKQ + 5% for burn-in. 


2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


TABLE 9. RADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer, 0 failures. 
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Propagation Delay Timing Diagram _ | Propagation Delay Load Circuit 
DUT - , TEST 

VIH POINT 

vss CL RL 

VOH 
CL = 50pF 

CuTEUr RL = 500Q = 
VOL 
Transition Timing Diagrams iad _VOLTAGELEVELS 


80% 80% 


OUTPUT 


Tri-State Low Timing Diagrams | Tri-State Low Load Circuit 
VIH 
vss 
TEST 
DUT POINT 
voz 
OUTPUT i? 
VOL ---------------------- = ™ 
CL = 50pF 
RL = 500 
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Tri-State High Timing Diagrams 


VIH 


VSS 


OUTPUT 


TRI-STATE HIGH VOLTAGE LEVELS 


ae 


a 
Cn 
a 


Tri-State High Load Circuit 


DUT TEST 


CL = 50pF 
RL = 500Q i 
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Die Characteristics 
DIE DIMENSIONS 


171 x 159 (Mils) 
4340 x 4040 (mm) 


METALLIZATION 


a 
A ~ 

aN] 
H 44 
a og 
x“ 
io) 
~~ re 
oO o 
® ® 
§&§& 
2766 
Otc 
QE 
Cron 
os 
® O 
i 


gkA + 1kA 


: SiO, 
Thickness 
DIE ATTACH 


GLASSIVATION 
Type 


Silver Glass 
WORST CASE CURRENT DENSITY: 


Material 


<2.0x 10°A/cm2 


BOND PAD SIZE 


110um x 110um 
4.4 x 4.4 (Mils) 


Metallization 


Mask Layout 


ACS630MS 


AUACELL 


% 


eke 


te os 


if 


Wy 


DBO (11) FSS 


he 


j 


ae iY dh ig tee 
= Ms MW NY 
—~ on Hc oS SS Pee Le 
Ls 
HO 

On 

o8 

re 

ws 

oO 

fee) 

a 

—= 

oa 

a 

N I 

a Di 


(12) (13) (14) (15) (16) (17) (118) 


DB10DB11 GND DB12DB13DB14DB15 
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Sori ACTS630MS 


Radiation Hardened EDAC 


tt 


December 1992 (Error Detection and Correction) 
Features Pinouts 
e 1.25 Micron Radiation Hardened SOS CMOS 28 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP-T28, LEAD FINISH C 
¢ Total Dose Up to 1 Mega-RAD (Si) TOP VIEW 


¢ Dose Rate Upset >10'? RAD(Si)/s, 20ns Pulse 


e SEU Rate < 107! Errors/Bit-Day 
Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C | 
e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e¢ LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Fast Processing Time ° 
- Write Cycle: Generates Check Word in 20ns (Typ) 
- Read Cycle: Flags Errors in 10ns (Typ) 


Description 

The Harris ACTS630MS is a Radiation Hardened 16-bit 28 PIN CERAMIC FLAT PACK 

parallel error detection and correction circuit. It uses a. MIL-STD-1835 DESIGNATOR CDFP3-F28, LEAD FINISH C 
modified Hamming code to generate a 6-bit check word from TOP VIEW 


each 16-bit data word. The check word is stored with the 


data word during’a memory write cycle; during a memory | DEF 10 vcc 
read cycle a 22-bit word is taken form memory and checked “et : ae 
for errors. Single bit errors in the data words are flagged and | ps2 4 SO 
corrected. Single bit errors in check words are flagged but | 083 5 CBO 
not corrected. The position of the incorrect bit is pinpointed, Bae : et 
in both cases, by the 6-bit error syndrome code which is Bee : eo. 
output during the error correction cycle. Be CBs 
The ACTS630MS utilizes advanced CMOS/SOS technology | parc Ba 
to achieve high-speed operation. This device is a member of |’ DB11 DB13 
j DBi2 


radiation hardened, high-speed, CMOS/SOS Logic Family. GND 


The ACTS630MS is supplied in a 28 lead Ceramic flatpack 
(K suffix) or a 28 Lead Ceramic Dual-In-Line Package (D 
suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3204 
Copyright © Harris Corporation 1992 7-65 


ACTS630MS 


Function Tables 


‘Control Functions 


; CONTROL ERROR | ERRORFLAGS —| 
MEMORY | 
CYCLE EDAC FUNCTION -DATAL/O CHECKWORD — 


WRITE sex Checkword Input Data Output Checkword | tow [Low | 


READ ele Read Data and Check- | Input Data Input Checkword hae ae 
word 


READ Latch and Flag Error Latch Data Latch Checkword Enabled | Enabled 


READ High Correct Data Word and} Output Corrected Output Syndrome Enabled Enabled | — 
Generate Syndrome Bits | Data Bits 


Check Word Generation 


eee as ~ 16-BIT DATA WORD > 


CHECKWORD BIT EEREES ESESRSKSRAKORE CORES COC 


NOTE: The six check bits are pari 


3 


bits derived from the matrix of data bits as indicated by “x” for each bit 


Error Syndrome Codes 


SYNDROME 
ERROR 
CODE 


TOTAL NUMBER OF ERRORS ERROR FLAGS 
-16-BIT DATA _ 6-BIT CHECKWORD Scondeeacad 


DATA CORRECTION 


ee 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... cece eee eee eee eee -0.5V to+6.0V Thermallmpedance ................ Gia Oi 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V DICs sherri banae ee ais 75°CWW 16°C/W 
DC Input Current, Any One Input...............0 cece eee +10mA Fiatbacks wo cte octane ena eernes 64°C/W 12°C/W 
DC Drain Current, Any One Output................ 0.0000 +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tq 05°C 10 4100°C c.oe a seacedoueeee eeevemares 1w 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)............00 cece +265°C 

Junction Temperature (TU)... 0... cc cece cee eee eens +175°C 

ESD: Classification iis Gast neo etn Mae een eee eee ees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one ata time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). 0... . cece ee ee ee eee +4.5V to+5.5V Input Low Voltage (VIL).... 0... . ee eee eee eee ee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH)............... 00.0 eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
| ores) BaBueA | ums 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN | MAX | UNITS 


+125°C, -55°C 
ee 


16 
ae 
ee 
a 
1 
0.1 

1 

-35 


> 


Output Current IOL1 VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


(Sink) 


(Note 2) 


VCC = 4.5V, VIH = 4.5V, | 
VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 
(Note 2) 


E 


Output Current 
(Source) 


8 


m 
m 
m 
m 


3] 3 


> 


DEF, SEF Output 


m 
Current (Sink) 
m 


+125°C, -55°C 


m 


+25°C 


+125°C, -55°C 


DEF, SEF Output 
Current (Source) 


VCC = 4.5V, VIH = 4.5V, 


VOUT = VCC - 0.4V, 
VIL = OV (Note 2) 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50p/A, VIL = 0.8V 


VOL | VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 


IOL = 50pA, VIL = 0.8V 


1 
2,3 
2,3 
1 
132.3 
1,2,3 
=: _ 
ae . 
VCC = 5.5V, VIN = VCC or | 0.5 | 
Force Voltage = OV or VCC feed +125°C, -55°C P35 35 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 3) 


NOTES: 
1. All voltages reference to device GND. 
2. Force/Measure functions may be interchanged. 
3. Per functional tests, VO 2 3.0V is recognized as a logic “1”, and VO = 0.5V is recognized as a logic “0”. 


-4.0 


425°C, +125°C, -55°C 


m 


4 
4 
Output Voltage High 
0 


425°C, +125°C, -55°C 


Output Voltage Low 1,2,3 +25°C, +125°C, -55°C 


Vv 
V 
V 
V 


p. 
yl 
Mm 


+ 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| (NOTES 1, 2) GROUP A } LIMITS | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE | MIN | MAX. | UNITS 


TPLH |VCC=45V,VIH=45V, | 9 | 425°C | 
pm pein eee 

Propagation Delay | TPLH | VCC =4.5V, VIH=4.5V, oe ee oe 
= ee 
srg | [cer ee 
S1 to SEF VIL =0V . 4011 | 
fe 


+125°C, -55°C 
Propagation Delay VCC = 4.5V, VIH = 4.5V 


Les 
a 
=e 
= 
ze 
SOtoDRCB lee ae 
a 
Poole 
pots 
at 
pt | 


A WILSOOYV a os oot 


TPLZ VCC = 4.5V, VIH = 4.5V, a) 
VIL = OV 


+125°C, -55°C 


Propagation Delay 
SO to DB/CB 


+125°C, -55°C 


TPZL VCC = 4.5V, VIH = 4.5V, 
VIL = 0V 
NOTES: . 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS TEMPERATURE 


Operation Current VCC = 5.0V, VIH = 5.0V, 1 . +25°C 

DB to CB VIL = OV, f = 1MHz 125°C 

Input Capacitance VCC = 5.0V, f = 1MHz 
+2 


+125°C 


Output Capacitance COUT VCC = 5.0V, f = 1MHz 
| +125°C 
| —— a 
| +125°C 
TH VCC = 4.5V, VIH =4.5V, . a 
VIL = 0.0V ae 


+125°C 
NOTE: . . 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


7-68 


Specifications ACTS630MS 
TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


4M LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS “TEMPERATURE | MIN | MAX | UNITS 


Quiescent Current [ice [voc=55v, vIN=VoGoraND | vac «| ~*d 


Output Current (Sink) IOL1 VCC = VIH = 4.5V, VOUT = 0.4V, +25°C 12 mA 
VIL =0 | 

Output Current (Source) 1OH1 =| VCC = VIH= 4.5V, | +25°C -12 
VOUT = VCC - 0.4V, VIL=0 | 

DEF, SEF Output Current (Sink) VCC = VIH = 4.5V, VOUT = 0.4V, +25°C 4 
VIL=0 

DEF, SEF Output Current (Source) IOH2 VCC = VIH = 4.5V, 
VOUT = VCC - 0.4V, VIL=0 


Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V, IOL = 50pA 
VCC = 5.5V, VIH =2.75V, rey 


lOL2 
VIL = 0.8V, 1OL = 50pA 
VOH 
|OZ 
FN 


Output Voltage High 


VCC =5.5V, VIN=VCC or GND ~ a es 


VCC = 5.5V, Force Voltage = OV or 35 | 435 
VCC 


Input Leakage Current 


Tri-State Output Leakage Current 
Noise Immunity Functional Test La) 


Propagation Delay DB to CB TPHL | VCC =4.5V, VIH = 3.0V, VIL =0V 


: =u 
ae 
ae 
ze 
<s 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOH = -50pA 
VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, VIL = 0.8V, 
Note 2 


Propagation Delay S1 to SEF TPLH | VCC =4.5V, VIH =3.0V, VIL=0V 


Propagation Delay SO to DB/CB TPHZ | VCC =4.5V, VIH =3.0V, VIL = 0V 
Propagation Delay SO to DB/CB TPZH | VCC =4.5V, VIH =3.0V, VIL=0V 1 
TPZL 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO >= 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


[—_rannweren | Nowour” | oetraum | 
PARAMETER GROUP DELTA LIMIT 

a 
four 
Ce 
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TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-in) 100%/5004 
romsoe | ureowme 
Interim Test II (Postbum-In) 100%/5004 


~~Sample/5005 — 


Interim Test II (Postburn-In) 
D 


v0 
> 


\ 

| 

\ 

L 
i 
' 
i 


~~ 4, 2, 3, 7, 8A, 8B, 9, 10,11 


NOTE: 
1. Alternate Group A Testing in accordance with MIL-STD 883 Method 5005 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: | 
1. .Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, Subgroup 2, 
sample size is 4 dice/wafer 0 failures. 


7-70 


ACTS630MS 


Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
vss CL RL 
TPLH 
VOW <ns2 seve cceeetieneceeec. 
CL = 50pF 
eee RL = 500Q = 


PROPAGATION DELAY VOLTAGE LEVELS 


TTLH TTHL 
VOH --------------------- | | pee} | PARAMETER 
80% 80% 


VCC 


OUTPUT 


LOGIC 


VIH 
vss 
DUT 


CL = 50pF 
RL =5000 


TRI-STATE LOW VOLTAGE LEVELS 


PARAMETER 


OUTPUT 


Approx. 4.5 
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Tri-State High Timing Diagram and Load Circuit 


VIH 


VSS 


TEST 
POINT 


- DUT 


VOW so esoveeess 2622 25208 


CL = 50pF 
RL = 500Q 


OUTPUT 
voz 


DUT TEST 
DINPUT ~-------- POINT 
VIH | 
VIL CL 
INPUT 
| CL = 50pF . 
RL = 5009 = 
VIL 
TH = Hold Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 


TSU = Setup Time 
TW = Pulse Width 
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Die Characteristics 
DIE DIMENSIONS 


171 x 159 mils 
6.7 x 6.3um 


of 
Zz 
NI 
+ 
of 
ww 
“) 
~~ 
7) 
- 8 
z 
O88 
eS 
ZOE 
N = 
aa 
mS 
< gs 
i = 
= 


10kA+2kA 


Metal 2 Thickness 
GLASSIVATION 


A+ikA 


SiO. 


Thickness: 8k 
DIE ATTACH 


Type 


Silver Glass 
WORST CASE CURRENT DENSITY: 


Material 


< 2.0 x 10°A/cm2 
BOND PAD SIZE 


110um x 110um 
4.3 x 4.3 mils 
Metalliza 


Mask Layout 


tion 


ACTS630MS 
DB2 DB1 DBO DEF VCC SEF S1 
(1) 


(28) (27) (26) 


(3) 


(4) 
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ha 
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ft 


Mihi 


(12) (13) (14) (15) (16) (17) (118) 


DB10DB11 GND DB12 DB13 DB14 DB1I5 
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HCS/HCTS MS Screening 


Wafer Lot Acceptance...............20c eens (All Lots) Method 5007 (includes SEM) 
Radiation Verification.............ee0eeee. (EachWafer) Method 1019, 200K or 1MRAD (SI), 4 Samples/Wafer, 
0 Rejects 
Nondestructive Bond Pull ...............00e eee 100% Method 2023 
Internal Visual Inspection ...... Re eee rene a 100% Modified Method 2010 (Note 4) 
Temperature Cycling...............e eee whaearas 100% Method 1010 Condition C (-65°C to +1 50°C) 
Constant Acceleration .:........ ee eee re es 100% 
PIND TeSting 2.cis. cae pein s eietaeches ewes 100% | 
External Visual Inspection. ..:..................- 100% 
Serialization... 2... .... 0... ee eee sea hatter nti 100% 
Initial Electrical Test: . 0.0... ee ee ees 100% 
Static Burnes ness toskedawue tAwwaseeesuiaded 100%: Method 1015, 24 Hours, at t + 125°C Minimum 
~ Interim Electrical Test I... .. ewe dees chs cecreaens 100% ANOLE I) © eee 
Static Burn-in Ilo. cc cc ce cea cnc eee eees 100% Method 1015, 24 Hours, at +125°C: Minimum 
Interim Electrical Test Il... .... eee eee ees 100% (Note 1) 
Dynamic Burn-In............. bined ae eaten Les 100% Method 1015, 240 Hours, at +125°C or Equivalent or 
180 Hours, at +135°C 
Interim Electrical Test II} .... 2.0... 02. eee eee 100% (Note 1) 
Final Electrical Test... ....... 0. ccc ee eee eee eee 100% 
Fine and Gross Seal ........... cee eee eee eee 100% Method 1014 
Ragiographics 644668 «ees vos eteS Keowee eewes 100% Method 2012 (2 Views) 
External Visual ocd. scsi esse eeite te eee ie.aws 100% Method 2009 
Group A {All Tests) icccc.ac dd oie daw task daca oe _ Method 5005 (Class S) 
Group B (Optional). ...... 0.0... cc ce ccc cece eee Method 5005 (Class S) (Note 2) | 
Group D (Optional) .......... va ee nese cee eee ... Method 5005 (Class S) (Note 2) © 
CSI and/or GSI (Optional)...............5 Perera (Note 2) 
Data Package Generation............. cece eee ene (Note 3) 
NOTES: | 
1. Failure from interim electrical tests land It are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). Interim electrical tests II! PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, PDA = 
3% for subgroup 7 failures. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. 


Data Package Contents: 

Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 

Certificate of Conformance (as found on shipper). 

Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 

Variables Data (All Read, Record and Delata Operations). 

Group A Attributes Data Summary. 

Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and file(s), including parameter measurements. 

GAMMA Radiation Report with initial shipment of devices from the same wafer lot; Comey a cover page, Disposition, Rad Dose, 
Lot #, Test Package, Spec #(s), Test Equipment, etc. 

Irradiation Read and Record data will be on file at Harris. 


4. Visual Inspection for class S is performed to Mil-Std-883S, Method 2010, Condition a with the following modifications: SOS Technology, 


Semicircular.cracks not in an active area which start and end at the pellet edge are acceptable. 


5. Table 5 Delta limit values without a “+” or “” sign indicate the value is positive; negative deltas of any magnitude will not be counted as 


failures. 
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Barns § HCSOOMS 


Radiation Hardened 


December 1992 Quad 2-In put NAND Gate 
Features | Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD (Si) MIL-STD-1835, aipacgsene hint 4, LEAD FINISH Cc 


Dose Rate Upset >10'° Rad(SiVs 20ns Pulse 


Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 

Input Logic Levels 

- VIL = 30% of VCC Max 

- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 

Description MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 

The Harris HCSOOMS is a Radiation Hardened Quad 2-Input 

NAND Gate. A high on both inputs forces the output to a Low 


vcc 
state. - 
The HCSOOMS utilizes advanced CMOS/SOS technology to A4 
achieve high-speed operation. This device is a member of v4 
radiation hardened, high-speed, CMOS/SOS Logic Family. = re) 
The HCSOOMS is supplied in a 14 lead Weld Seal Ceramic Be S 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line - ad 
Package (D suffix). 
Truth Table | Functional Diagram 
ae 
| (1, 4, 9, 12) 
a a ae, 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2138.1 
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Specifications HCSOOMS 


‘Absolute Maximum Ratings Reliability Information 


Supply Voliage <<. 2c ew ccwe eck seas ade weer ees -0.5V to+7.0V Thermal lmpedance ................ Bia 6, 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............000- 75°C/W 16°C/W 
DC Input Current, Any One Input.............. ccc ee eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....... bacatietdse owas +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta -595°CAt0 F100C sc iccstateiedowaseyseeeeed 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)............eeeeee +265°C 

Junction Temperature (TJ) 2... .. ccc e cece cece ee eees +175°C 

ESD Classihication <s6:64:60y pte a we eeee eh aew ae ene a Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage « ss04.65 os casera eects aes +4.5V to+5.5V Input Low Voltage (VIL)................06. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max — Input High Voltage (VIH)........... cee eeee 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C oe 


TABLE 1. De. ELECTRICAL _ PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAM ETERS SYMBOL 
Output Current 
(Sink) 


Output Current 
(Source) . 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =O0V 


Output Voltage Low 
IOL = S0pA, VIL = 1.35V 


IOL = 50pA, VIL = 1.65V 


Output Voltage High 
IOH = -50pA, VIL = 1.35V 


IOH = -50p/A, VIL = 1.65V_ 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 3.15V, 
VCC = 5.5V, VIH = 3.85V, 
VCC = 4.5V, VIH = 3.15V, 


VCC = 5.5V, VIH = 3.85V, 


VCC = 5.5V, VIN = VCC or 
GND 


GROUP 
A SUB- 
GROUPS 


| LIMITS 


TEMPERATURE ere UNITS 


ee ee Gee 


an ae 
aa 
as [ree 
ee 
Lee | 


+125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 
425°C, +125°C, -55°C 


+125°C, -55°C 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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Specifications HCSOOMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


; 
[anal tal =e th ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee ee esa 
Capacitance Power cPpD |vcc=5.0v,f=imMHz | 1 | 425°C | Typicals8 | pF 
aie a aaa ee eee ee 
Input Capacitance CIN VCC = Open, f = 1MHz a eee eee ee 
huncnaniel: Reaill leeiaailianl ee cee ieee cre es as 

ee 


3 
1 
1 
ae LP eT 
Ti TTLH 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics.. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 4, 2) TEMP- 


200K RAD 
LIMITS 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Quiescent Current VCC =5.5V, VIN=VCCorGND | +25°C = 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
VOL 
VOH 
FN 


B 
> 


3 
> 


Output Current IOH VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, VIH = 0.70 +25°C 
(VCC), VIL = 0.30 (VCC) at 200K 
RAD, VIL = 0.12 (VCC) at 1M, 


RAD, IOL = 50pA 


VCC = 4.5V and 5.5V, VIH = 0.70 
(VCC), VIL = 0.30 (VCC) at 200K 
RAD, VIL = 0.12 (VCC) at 1M, 

IOL = -50pA 


VCC = 5.5V, VIN = VCC or GND +25°C 


VCC = 4.5V, VIH = 0.70 (VCC), 
VIL = 0.30 (VCC) at 200K RAD, 
VIL = 0.12 (VCC) at 1M RAD 

(Note 3) 


Output Voltage High +25°C 


Input Leakage Current 
+25°C 


Noise Immunity 
Functional Test 


ol 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


| 200K RAD 
= LIMITS 1M RAD LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE | MIN | MAX | 


: MIN | MAX | 
| TPL [vcc=4sv were | | 2 | 26 | 
NOTES: . 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


= 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
|. SUBGROUP]. —-- DELTA-LIMIT ~ 
a a 
-15% of 0 Hour 


‘TABLE 6. APPLICABLE SUBGROUPS 


[conson | aresoots | 


____....PARAMETER -~— .- - 
IC 
IOL/IOH 


| 


vU 
oO 


PDA 100%/5004 1, 7, 9, Deltas Re ee 
Final Test } 0%/5004 2, 3, 8A, 8B, 10, 11 Be 
Group A (Note 1) Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 Pans oes 


10 
Group B Subgroup B-5 Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD - PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR ILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


; * a a ° fe es i‘ 4 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1,2, 4, 5,9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


3, 6, 8, 11 1, 2, 4, 5, 9, 10, 
12,13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% static burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 6, 8, 11 a ae 1,2, 4,5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and:GND will have a resistor of 47KQ + 5%. Group E, Subgroup 2, 
sample size is 4 dice/wafer, 0 failures. 


AC Timing Diagrams : AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL ; RL 
VOH 
CL = 50pF 
OUTPUT RL = 5000 = 


~ VOL 


VOH - 


80% 80% 


VOL OUTPUT 


v 
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HCSOOMS | 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
_2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
‘Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: ... en 8 ne a ee ne Se rete 2 cet 


100m x 100um 
4x4mils 


Metallization Mask Layout 


HCSOOMS 

oO 
— 1S) 5 
< ss x 
= : 2 


af [el 


Hye 
i H.. § 


ran 


wae 
BH 


GND (7) 
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(12) A4 


(11) Y4 


(10) B3 


(9) A3 


SEMICONDUCTOR 


HCTSOOMS 


Radiation Hardened 


i) FARRIS 


December 1992 i Quad 2-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD (Si) 
° Dose Rate Upset >10'° Rad(SiVs 20ns Pulse 


* Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
¢ Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


¢ CMOS Input Compatibility li < 5.A at VOL, VOH 


TOP VIEW 


ay 14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTSOOMS is a Radiation Hardened Quad 2- | eM 

Input NAND Gate. A high on both inputs forces the output to 
a Low state. 


The HCTSOOMS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTSOOMS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 
B4 
A4 
Y4 
B3 
A3 
Y3 


© 
© 
oO 
= 


Truth Table Functional Diagram 


INPUTS 


(1, 4, 9, 12) 


Yn 
(3, 6, 8, 11) 


(2, 5, 10, 13) 


NOTE: L = Logic Level Low, H = Logic level High . 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 39 1 
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Absolute Maximum Ratings | Reliability Information 
Supply VONa0@ o.0. scsi tase wired cease eee ew aws -0.5V to+7.0V Thermal Impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 1... ee eee eee eee 75°CWW 16°C/W 
DC Input Current, Any One Input............. 0.0. e ees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any‘One Output................ee eee +25mA ‘Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) | For Tq = -65°C to #100°C oo icine cca ee ineterevieeeewe 1W 
- Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 1amw/°c 
Lead Temperature (Soldering 10sec)..............00-. +265°C 
Junction Temperature (TU) ....... cece cece eect ecees +175°C 
ESD Classification ............. eRe at ROR S Ss SARS ESE Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device raliabilty, The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 
SUPDIV VONAG6 Ss «6 d0.5.0us soothe ee Sak ew Ea chess +4.5V to+5.5V — Input Low Voltage (VIL)........ eters se eee eos 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).... eoe el Wie Suede mwas VCC/2 to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS 
| (NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current ICC VCC = 5.5V, 
iecaicce or GND 125°C, -55°C 
Output Current — 1OL-s | VCC =4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) ~ VOUT = VCC -0.4V, 
VIL =0V 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
‘OL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


+25°C, +125°C, 55°C voc 
-0.1 
VCC = 5.5V, VIN =VCC or a +25°C 
ND 


peCCHLLE 


H+ 
on 
ro) 
5 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input to Yn TPHL | VCC=4.5V eee ee 
Input to Yn TPLH | VCC =4.5V a ee ee a 
a ptt | Hastc-serc | 2 | 2 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| rmcrn_|suen | commas _| rows | serene || | os 

Capacitance Power CPD | VCC =5.0V, f = 1MHz 

| 

Input Capacitance CIN VCC = Open, f = 1MHz =e 

Ouip ce ee 
ae ee 

1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 

tested. These parameters are.characterized upon initial design release and upon design changes which affect these characteristics. 


Output Transition TTHL VCC =4.5V 
L 
ae +125°C 
NOTE: 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ane RAD 
| ane 
(NOTES 1, 2) TEMP- 
SYMBOL CONDITIONS ERATURE 
VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 

C 


PARAMETERS 
Quiescent Current 


Output Current (Sink) 


Output Current 
(Source) 


Sal 


Output Voltage Low 


VCC = 4.5V and 5.5V, +25°C 
VIH =2.25V, VIL=0.80V at 200K 
RAD, VIL = 0.30V at 1M RAD, 
IOL = 50nA 
Output Voltage High VCC = 4.5V and 5.5V, +25°C a 
VIH = 2.25V, VIL=0.80V at 200K 
RAD, VIL = 0.30V at 1M RAD, 
IOL = -50pA 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND 
ie] 


Noise Immunity VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.80V at 200K RAD, 

VIL = 0.30V at 1M RAD 

(Note 3) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- (NOTES 1,2) - 
- PARAMETERS SYMBOL | — CONDITIONS 


Input to Yn TPHL | VCC =4.5V _ 
| TPLH | VCC=4.5V 7 
NOTES: 


1. All voltages referenced to device GND. . | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
GROUP B 


|... PARAMETER | -SuBGRouP- | — -DELTALIMIT. ~~ => 


CE YS 
(OLIOH ee 


READ AND RECORD 
Initial Test (Preburn-In) - 100%/5004 ICC, |OV/H 


CONFORMANCE GROUPS _ METHOD GROUP A SUBGROUPS 


| 7 _ TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) 100%/5004 ICC, IOUH 
Interim Test It (Postburn-In) | 100%/5004 ICC, |OV/H 
PDA 


oe 
a 
a 
[ereupawaw i __——~d:Sannittos az renee oro 
ee! es ee ae eens 
a 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST. ae READ dred RECORD 
. _ GROUPS: METHOD . PRE RAD POST RAD . _ PRE RAD _POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


: " - e : ; fe : i. : a 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 2) 


3, 6, 8, 11 7 1,2, 4,5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 3) 


7 3, 6, 8, 11 14 1,2, 4, 5, 9,10, 
12, 13 
NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
3. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 6, 8, 11 1,2, 4, 5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
DUT TEST 
a POINT 
VIL CL RL 
VOH 
OUTPUT cls OPE 
VOL RL = 5000 = 


80% 80% 


OUTPUT 


AC VOLTAGE LEVELS | 


PARAMETER HCTS UNITS 
VCC 


a 
a ee 
a a 
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HCTSOOMS 


Die Characteristics 


DIE DIMENSIONS: | 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA Bo 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


LU ERO DD SUZ ai cre cece cn er a a a ee 


100um x 100um 
4x4mils 


Metallization Mask Layout 


nui te 


(12) A4 


= - (41) Y4 
0 
10) B3 
Mis pra 9 : : | ees 


sh 


th 


it 
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ee HCSO2MS 


Radiation Hardened 


December 1992 | | Quad 2-Input NOR Gate 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE. 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 
The Harris HCSO2MS is a Radiation Hardened Quad 2-Input 14 PIN CERAMIC FLAT PACK 


NOR Gate. A low on both inputs forces the output to a High MIL-STD-1835 seat a ist aaa LEAD FINISH C 
state. | 


The HCS02MS utilizes advanced CMOS/SOS technology to 


vcc 
achieve high-speed operation. This device is a member of vi 
radiation hardened, high-speed, CMOS/SOS Logic Family. = 
The HCS02MS is supplied in a 14 lead Weld Seal Ceramic 1 A4 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line ¥3 (S) 
Package (D suffix). Oo 
B3 ro) 
J 
A3 
Truth Table a Functional Diagram 
Y 
(2, 5, 8, 11) 
H Yn 


(1, 4, 10, 13) 


NOTE: L = Logic Level Low, H = Logic level High 


(3, 6, 9, 12) 


a ae 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HCSO2MS 


Absolute Maximum Ratings 
Supply Voltage 


Reliability Information 


Thermal Impedance .............6.. 0; 0, 


ja ic 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC. .......... 0c eee 75°C/W 16°C/W 
DC Input Current, Any One Input...............cceeceeees +10mA Weld Seal Flat Pack............... * 64°C/W 12°C/W 

. DC. Drain Current, Any One Output.................. 000s +25mA._ Power Dissipation per Package (PD) 


_ (All Voltage Reference to the VSS Terminal) | 


For Ty, = -55°C to +100°C 


eoeoerereeseeervre eee eeer ee eee evee een 


Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 13mW/C 
Junction Temperature (TJ) ..... 2. cee ec eee eee eeee +175°C . 
Lead Temperature (Soldering 10sec).............0000- +265°C 

ESD Classlication: «660 ca: 65:86 Gee es teSen eoresans Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 
+4.5V to +5.5V Input Low Voltage (VIL)............05. 0.0V to 30% of VCC Max. 


SUpDIY Voltage osc sawieocdeewy te wee nee ees 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).............. 70% of VCC to VCC Min. 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C Sd : 


PARAMETERS SYMBOL 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 


A SUB- 
GROUPS 


(NOTE 1) 
~ CONDITIONS 


Quiescent Current - ICC VCC = 5.5V, 

VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND : 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO s 0.5V is recognized as a logic “O”. 
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Specifications HCSO2MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


LIMITS 
(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS. GROUPS TEMPERATURE Somin | Max 
- 10, 11 +125°C, -55°C fe, 20 
Ree [see 
=i 


10, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz +25°C Typical 12 
issipati 


Input Capacitance CIN VCC = Open, f = 1MHz Yt +25°C 
ee 


oe oe 
ae oe 
Output Transition TTHL VCC = 4.5V : a ee ee ee 
a ee ee 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
. VOUT = 0.4V 
VIH = 0.70(VCC), 
lOL = 50pnA 


(NOTES 1, 2) TEMP- 
PARAMETERS — SYMBOL CONDITIONS . ERATURE 
Output Current IOH VCC = 4.5V, VIN = VCC or GND, +25°C : 
(Source) VOUT = VCC -0.4V 
VIL = 0.30(VCC) at 200K RAD, 
VOH VCC = 4.5V or 5.5V, 


Output Voltage Low VOL VCC = 4.5V or 5.5V, 
VIL = 0.12(VCC) at 1M RAD, 
Output Voltage High 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND +5 


VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Input Leakage Current PIN | 


FN 


Noise Immunity 
Functional Test 
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Specifications HCSO2MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | 200K RAD LIMITS | 1M RAD LIMIT 
| | 7 (NOTES.1, 2) Temp. -| 200K RADLIMITS] 1M RAD LIMITS 
PARAMETERS | SYMBOL | —. CONDITIONS ERATURE Tmax | 


| MIN | MAX [MIN | 
[ear freeware fe pe Pe Pe Pe 
NOTES: . . | i : | 


1. All voltages referenced to device GND. = 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B 
_ PARAMETER SUBGROUP . DELTA LIMIT . 


fer 
IOVIOH i ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[conromumice cnours | _wervioo | _GROUPASUsGROUPS | _READANDRECORD 
OB 
[roccoos [reba 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. | 


TABLE 7. TOTAL DOSE IRRADIATION 


. CONFORMANCE TEST 7 READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1,4, 10, 13 7 2, 3, 5, 6, 8, 9, 11, 
12, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 4, 10, 13 2, 3, 5, 6, 8, 9, 
11, 12 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 680KQ + 5% static burn-in. 


2. Second dynamic burn-in assures proper stress in both directions. 400 additional hours at life test with a down point; 96 additional hours 
at production burn-in without a down point. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1,4, 10, 13 2, 3, 5,6, 8, 9, 11, 12, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
VIH | os POINT 
VIL CL RL 

TPLH 


VOH costae saeco =. | pian: |e owen es 


CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH --------------+----- seeeeeetee 
80% 80% 


VOL OUTPUT 


PARAMETER 
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HCSO2MS . . 


Die Characteristics 


DIE DIMENSIONS: - 
- 87x88 mils 
_ 2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi : a 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: . | 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm2 


--BOND-PAD SIZE: <== <---e- nr eeepc tenn ees ema mene  T | 


100pum x 100m 
4x 4mils 


Metallization Mask Layout 


HCS02MS 
> a ae 
= = 2 


sa : PER prerts Penne tee Ree 
se -_ 


ite, 


ae 
ai = Ju les = ‘iB: : (12) B4 


a. 


= 


(11) Ad 


(4 0) Y3 
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grarris j=§ HCTSO2MS 


Radiation Hardened 


December 1992 Quad 2-Input NOR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD (Si) TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 


¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels Il < 5A at VOL, VOH 


D iti n 14 PIN CERAMIC FLAT PACK 
eaeHPuC MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTSO2MS is a Radiation Hardened Quad 2- TOP VIEW 


Input NOR Gate. A Low on both inputs forces the output to a 
High state. 


The HCTSO2MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTSO2MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


© 
O 
O 
~ 


Truth Table Functional Diagram 


INPUTS OUTPUTS 


Ee ee 
Se SA SE CONN : 
(1, 4, 10, 13) 
ae ee ae a 
ee ee 
ae RE Be 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 2137.1 
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Specifications HCTSO2MS 


Absolute Maximum Ratings x Reliability Information 
SUDDIV VONAGE": sic c ence eica leer e ewe ee aees -0.5V to+7.0V Thermal lmpedance ................ Bia Gi, 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC... .... cee cee eee 75°CWW 16°C 
DC Input Current, Any One Input................cc eee cees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

~ DC Drain Current, Any One Output..................00 00. +25mA Power Dissipation per Package (PD) . . 
(All Voltage Reference to the VSS Terminal) | For Ta = -55°C to +100°C ........ Sw eCee Gat cuca daewe 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............005- +265°C 
Junction Temperature (TJ) 2.0... cece ce eee eens +175°C 
ESD Classification: @:<.2:o0¢25¢ $c dew vata de vees-4 cae Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... 6... cece eee eee eee ees +4.5V to +5.5V = Input Low Voltage (VIL)... 6. ce eee ce eee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH).......... 2. eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C | 


~ 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 


Quiescent Current ICC VCC = 5.5V, +25°C F=f 0 | pA | 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
Sink | VOUT = 0.4V, VIL = OV 7 
Pa 
VOL | VCC =4.5V, VIH = 2.25V, 1,2,3. | +25°C, +125°C, -55°C 0.1 V 
IOL = 50pA, VIL = 0.8V 3 | 
VCC = 5.5V, VIH=2.75V, | 1,2,3 | 425°C, +125°C, -55°C ce 
VOH 1,2,3 
GND 
NOTE: . . 
1. All voltages reference to device GND. 


ce 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


GROUP 
A SUB- 


(NOTE 1) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


VOUT = VCC -0.4V , 

VCC = 4.5V, VIH =2.25V, +25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 0.8V -0.1 

VCC = 5.5V, VIH = 2.75V, 1 +25°C, +125°C, -55°C VCC V 
IOH = -50pA, VIL = 0.8V -0.1 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS | GROUPS TEMPERATURE | 


| +125°C, -55°C 


| 10,11 +125°C, -55°C 
NOTES: 


1. All voltages referenced:to device GND. 
2. AC measurements assume RL =.500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS _ 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | UNITS 
1 


Capacitance Power VCC = 5.0V, f = 1MHz a eee Typical 30 
10 


CPD = 5.0V, f= 1 
1 
Input Capacitance VCC = Open, f = 1MHz 1 | 10 | pF | 
SV 1 
: : 


— 
a 
acn 
nce 


ea a Ee 
. +125°C 


NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 1M LIMITS 
| (NOTES 1,2) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE E 


Quiescent Current VCC = 5.5V, VIN = VCC or GND ee ee 
IOL VCC = 4.5V, VIN = VCC or GND, +25°C | 4.0 
VOUT = 0.4V 
Output Current IOH VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) | VOUT = VCC -0.4V 
L ; 
H 


LOGIC 


~ = 
o z 


Output Voltage Low Vie) VCC =4.5V or 5.5V, VIH = VCC/2, +25°C 
: VIL = 0.8V at 200K RAD, . 
VIL = 0.3V at 1M RAD, 
| OL = 50pA 
Output Voltage High Ve) VCC =4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 
; VIL = 0.3V at 1M RAD, 
IOH = -50pA 
IN 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND +25°C 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 


Input to Output | TPHL VCC = 4.5V . 
TPLH 


NOTES: 
1. All voltages referenced to device GND. ; a 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 5. -BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP | ~  DELTALIMIT | 


oo i ee an 
IOLIOH FB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[intm Testi(Postumiay __-voowse0os [7.8 —~«ds OU 
[tern Tests Postbuminy | sovwsooe P| nr.@ «OGIO 
a TT 

DA 


5 A 
[FoalTetSSCS~S~*dCta CORO 
[croup awioio) —SSCSC*dCS apts | 2,7 eRe | 
eee 
eae: 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE - TEST READ AND RECORD 
; GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


. OSCILLATOR | : 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


_ " eye re 2 ee oe 
; 12 , 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1, 4,10, 13 7 2,3, 5, 6, 8, 9, 11, 
| | 12, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) | 


7 2, 3, 5, 6, 8, 9, 
11, 12 
NOTES: | | 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 
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TABLE 9. IRRADIATION TEST CONNECTIONS 


1,410, 13 2, 3, 5,6, 8,9, 11, 12, 14 


NOTE: Each pin.except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
TPLH 
VOU aoxeeeetecce a eeensls-l) eee. || saoseoesa es 
CL = 50pF 
OUTPUT RL = 5002 = 
VOL 
TTLH TTHL 
VOH 32552 eeeee Ss 2 as: || peeeeeeeames||| cue cous = 
80% 80% 
VOL OUTPUT 


AC VOLTAGE LEVELS 


a 


a 
a 
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. « HCOTSO2MS 


Die Characteristics | 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm - 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: - 

Type: SiOz 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


_- BOND: PAD-SIZE:—----—-—--—---—-—- =» — == nae ep ee | ree 


100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout - | 
HCTSO2MS - 


Y1 vec Y1 
(1) (14) ~ (13) 
bo] 


: Ba 
os, 8 
‘ eros 
n 2 1 
H eeig ees i 
‘ o*e te ‘ 
er - j 
os | 
pee ee : 
a ees 
z e galie 5 { 
: t 
% r 5 = 
a Os 
q pre Craeasnene t 
jae ‘ i 
: ’ ‘ | 4 
's 
—~ 


wun! 


pegia * a ede ab: cde 
ey (ae 
Pigeany 


nit 
{ ' iii } 


Pe et tnttetnntatet 
A 


= ae 

{ © | 

ee 5 { bBpeervee 

| a 
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gHarns = HCSO4MS 


Radiation Hardened 


December 1992 | Hex Inverter 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-183S, saci ac LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

° Cosmic Ray Upset Immunity < 2 x 10°° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


_ 14 PIN CERAMIC FLAT PACK 
Description | MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCSO4MS is a Radiation Hardened Hex Inverter. 


A logic level on any input forces the output to the opposite 


vcc 
logic state. AG 
The HCSO4MS utilizes advanced CMOS/SOS technology to Y6 
achieve high-speed operation. This device is a member of AS 
radiation hardened, high-speed, CMOS/SOS Logic Family. Y5 Oo 
The HCSO4MS is supplied in a 14 lead Weld Seal Ceramic A4 2 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line v4 _l 
Package (D suffix). | 
Truth Table Functional Diagram 
An Yn 
(1, 3, 5, 9, 11, 13) (2, 4, 6, 8, 10, 12) 


NOTE: L = Logic Level Low, 
H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


File Number 3046 
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Absolute Maximum Ratings a Reliability Information 


SUPDIY VOiAUG + 4.6 ¥in wes Sane ea kods saree sake ws -0.5V to+7.0V Thermallmpedance ................ Gia 8c 

Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC............. 02200 75°CIW 16°C/W 

DC Input Current, Any One Input............. ccc cece eae +10mA Weld Seal Flat Pack.............-. 64°C/W 12°C/W 

DC Drain Current, Any One Output. ............... cee eee +25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) _ For I, = 09 CO tO 100 C4. ci nidec da weaaeas Sees le aes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 13mW/C 

Lead Temperature (Soldering 10s).............05000- . +265°C 

Junction Temperature (TJ) .... 2... see e eee reece wees +175°C 

ESD Classification 00440450 sess osewertaaies eve Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage ......... eee e eee eee weeeees +4.5V to +5.5V Input Low Voltage (VIL).............. pied 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max = Input High Voltage (VIH)................4.. 70% of VCC to VCC 
Operating Temperature Range (Ts) ............ -55°C to +125°C . ~ 3 : 


GROUP | LIMITS 
(NOTE 1) A SUB- 
CONDITIONS GROUPS TEMPERATURE 
VIN = VCC or GND +125°C, -55°C 


V = 0.4V, VIL=0V 
OUT = 0.4V, VIL =0 oper ema 


VCC = 4.5V, VIH = 4.5V, 


VOUT = VCC -0.4V, 
VIL = OV +125°C, -55°C -4 0 


Output Voltage Low VCC = 4.5V, VIH = 3.15V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 


Output Current 
(Sink) 


Output Current 
(Source) 


VCC =5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50n/A, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 425°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 425°C, Nee Gs -55°C VCC 
IOH = -50p1A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 
+125°C, -55°C 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Output Voltage High 


ries 
ae 
Te 
zo 
= 
Kod 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


’ 
o 
_ 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL TEMPERATU RE UNITS 


ar 
ale pesca | ae ea 
ee pesca a [ear 
NOTES: 


1. All voltages saterenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = RF = 3ns, VIL = GND, VIH = VCC. - 


GROUP 
A SUB- 
GROUPS 


(NOTES 1, 2) 
CONDITIONS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power Lad VCC = 5.0V, f = 1MHz +25°C 
Dissipation — 

+125°C | 
Input Capacitance VCC = Open, f = 1MHz ee al. +25°C 
Output Transition TTHL VCC = 4.5V Ve +25°C 
es = a 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Oo 
Oo 
Oo 
a 


Quiescent Current Ne ee | VCC = 5.5V, VIN = VCC or GND | 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 

Output Voltage Low VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 


VIL = 0.30(VCC) at 200K RAD, 
VIL = 0..12(VCC) at 1M RAD, 
IOL = 50nA 


Output Voltage High ~ VOH: VCC = 4.5V and 5.5V, ‘| 425°C VCC 
| | VIH = 0.70(VCC), -0.1 
VIL = 0.30(VCC) at 200K Rad, 
VIL = 0.12(VCC) at 1M Rad, 
IOH = -50pnA 


Input Leakage Current } IN VCC = 5.5V, VIN = VCC or GND oe ee: 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS 


| Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at{MRAD © 
(Note 3) a 


Input to Yn TPHL ©} VCC =4.5V | 
TPLH VCC = 4.5V : . 


NOTES: 
1. All voltages referenced to device GND. ’ 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) _ 


GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT | 
a 
lOV/IOH ae - .15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) ICC, IOL/H . 

Interim Test II (Postburn-In) ICC, |IOL/H 

Interim Test III (Postburn-In) . ICC, IOW/H 
Group A Not 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


0 
Oo 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: , . 


1. Except FN test which will be performed 100% Go/No-Go. 


CONFORMANCE 
GROUPS | 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


eee i eee ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


Ss ee ie va 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit — 
DUT - TEST 
VIH POINT 
VIL CL RL 
VOH 
. CL = 50pF 
OUTPUT RL = 5002 


VOL 


VOH --------------------- | | pm) | ------ = 
80% 80% 


VOL OUTPUT 


PARAMETER 


© 
© 
fe) 
I 


Die Characteristics 


DIE DIMENSIONS: 
~ 87x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


—BOND-PAD SIZE: = --~ == “== ne 


100um x 100um 
4x4mils 


_ Metallization Mask Layout 


ei 
a) 


if 


pe 
HH 


IR 
littl 


al 
W! 


HCSO4MS 


HCSO4MS 
oO 
x > : 
= = = 
= BIBI se 33s BEB SSHHES SATB RRSHEBEBEESE 
Da aete a nyse = | 
tke Ho 
| sy | 
By 
= B 
= i AS 
ates =| Se, [ie = 
(10) Y5 
(9) A4 


GND (7) 
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Sopp HCTSO4MS 


Radiation Hardened 


it 


December 1992 | Hex Inverter 
Features | Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD (Si) 
e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


TOP VIEW 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2. 


e Input Current Levels li < 51A @ VOL, VOH 


Description 

The Harris HCTSO4MS is a Radiation Hardened Hex 14 PIN CERAMIC FLAT PACK: 

Inverter. A logic level on any input forces the output to the MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
opposite logic state. TOP VIEW 


The HCTSO4MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTSO4MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


LOGIC 


Truth Table- Functional Diagram 


ee 


NOTE: L = Logic Level Low, 
H = Logic level High 


An Yn 
(1, 3, 5, 9, 11, 13) (2, 4, 6, 9, 10, 12) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications HCTSO4MS 


‘Absolute Maximum Ratings ie ee Reliability Information 


Supply Voltage ociaccvcs eceeceteiaraswaedeenes -0.5V to+7.0V. Thermalimpedance ................ Gia Gi. 
Input Voltage Range, All Inputs ....... bic aies -0.5V to VCC +0.5V Weld Seal: DIC 223i veesdee ce eee 75°C/IW 16°C/W 

~ _DC Input Current, Any One Input................0 cece ees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

-DC Drain Current, Any One Output...................008- +25mA Power Dissipation per Package (PD) 

(All Voltage.Reference to the VSS Terminal) For T, =-56°C to +100°C , u..s. teases sisewe ree weds ... 1W 
Storage Temperature Range (TSTG)........... . 65°C to+150°C = For Ty = +100°C to +125°C..... . . .Derate Linearly at 1amwrc 
Lead: Temperature (Soldering 10sec)...........2.06. + +265°C 
Junction Temperature TJ)... ... ec ccc ccc eee eee cece +175°C 
ESD Classification ............0ceees “eit eareg amen Class 1 


CAUTION: As with all semiconductors, stress. listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. ; 


Operating.Conditions 


Supply Voltage (VCC). ..........00005 settee +4.5V to+5.5V_— Input Low Voltage (VIL)..........0eeeeeees wees O.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (tr, tf)........ 100ns/V Max = Input High Voltage (VIH)............ cece ee wees VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP LIMITS 

(NOTE 1) A SUB- 

PARAMETERS SYMBOL ‘CONDITIONS ~— GROUPS TEMPERATURE © 
Quiescent Current VCC = 5.5V, 
alae or GND 125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 

: “ee +125°C, -55°C 
Output Current 

(Source) 


1 
i 
i 
roar 
: : 
' 
i 
i 
' 
| 
i 


f 
S 


© & 
ae foe) yo) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV | 


+125°C, -55°C -4.0 . 


pare 


VCC = 5.5V, VIH = 2.75, 
IOL = S0pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C VCC 
+25°C, +125°C, -55°C VCC 


+125°C, -55°C 


Output Voltage High 


Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 
GND 

VCC = 4.5V, 7, 8A, 8B | 425°C, +125°C, 55°C 
VIH = 2.25V, 

VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic”0”. 


(o) 


Noise Immunity 
Functional Test 


el aie 
| 23 
ia Sars 
fe eel 
i. aa 
Output Voltage Low a VCC = 4.5), VIH = 2.25V, Sheen 
IOL = 50pA, VIL = 0.8V 
a = 
il 


on 
— 


© 
— 


NOTE: 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS TEMPERATURE 
Input to Output TPHL VCC = 4.5V hee +25°C 
Input to Yn TPLH | VCC =4.5V a 425°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


LIMITS 
UNITS 


ptm | ax 
ree 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 5.0V, f= 1MHz 425°C oF 
Dissipation a ee 125°C 
Input Capacitance CIN VCC = Open, f = 1MHz +25°C 
ime 
a ae 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
LIMIT LIMIT 
(NOTES 1, 2) asain : 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


Quiescent Current VCC =5.5V, VIN = VCC or GND 


© 
Oo 
Oo 
a 


> 
© 


i=) 
ie) 


na 
ro) 


VCC = 4.5V, VIN = VCC or GND +25°C : 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND +25°C -4.0 
(Source) VOUT = VCC -0.4V 
VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 


B 
ro) 


0.1 


VIL = 0.3V at 1M RAD, 
IOL = 50pA 


VCC =4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND : 


Noise Immunity VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V @ 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) : 


oS 
ed 


| fe 
on 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


| | | 200K RAD 1M RAD 
LIMITS LIMITS 
PARAMETERS | SYMBOL CONDITIONS ~ TEMPERATURE | MIN | UNITS 


jin | wax | wan | Max 
vOC=45v 0 ee EEE ES 
2 | | 2 | 26 | 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


ai GROUP B 
- ef —-..-P ARAMETER- --——_]}---SUBGROUP---|--—-—- DELTA LIMIT 


IOLIOH | -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) | ICC, 1OL/H | 

Interim Test I (Postburn-In) ICC, IOL/H 

Interim Test II (Postburn-In) ICC, IOL/H 

Interim Test II (Postburn-In) ICC, IOL/H 
Group A ae? 


NOTE: : 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


> 


U0 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND daa 
GROUPS METHOD PRERAD | POST RAD PRE RAD , POST RAD 


Group E Subgroup 2 5005 Table4 Table 4 (Note 1) 
NOTE: 
1. Except FN test which will be performed 100% GO/NO-GO. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN I! TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


a ee ee ees 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 4,6, 8, 10, 12 1,3, 5,9, 14, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
© 
CL RL 0) 
VIL Oo 
a | 
VOH 
CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH 


80% 80% 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: | 
. 87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
~ Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: _ 

Type: SiOz 

Thickness: 13kA + 2.6kA _ 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


---BOND PAD SIZEs- rn 


100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


Y1 (2) 


A2 (3) 


¥2(4) Ey 


A3 (5) 


HCTSO4MS 


~ HCTSO4MS 


Cc 
(1) (14) (13) 


J i 
ay gi = 
(t=. 
HE neue 


Le (12) V6 


dU tute 


(11) AS 


Saaee 


ff) 


aU =p a 
| meee a SS Bsnciannneanes 
Pit Sista ea 
ARO : ig) f : i os (9) A4 
te ‘ ms i" a 
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December 1992 | _ ; % Quad 2-Input AND Gate 
Features : Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-183S, pee ee 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2x 10’ Errors/Gate Day 
(Typ) 

Latch-Up Free Under Any Conditions | 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V | 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


¢ Input Current Levels fl < 5A at VOL, VOH 


Branns HCSO8MS 


Radiation Hardened 


. | 14 PIN CERAMIC FLAT PACK 
Description — MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 


The Harris HCSO08MS is a Radiation Hardened Quad 2-Input 
AND Gate. A high on both inputs force the output to a High 
state. 


The HCSO8MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCSO8MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table | Functional Diagram 


INPUTS — OUTPUTS 


Yn 
pwd 


NOTE: L = Logic Level Low, H = Logic level High 


(1, 4, 9, 12) 
An 


(2, 5, 10, 13) 
“, Bn. 


ae oe ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-141 


TOP VIEW 


vcc 
B4 
A4 
v4 — 
B3 
A3 
Y3 


_ (3,6, 8, 11) 
Yn ~ 
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Specifications HCSO8MS 


Absolute Maximum Ratings | Reliability Information 


Supply Voltage «os scaides eee seee wees s eee en -0.5V to+7.0V Thermal lmpedance ................ Bia Oi¢ 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V =. Weld Seal DIC................... 75°C/W 16°C/W 

- DC Input Current, Any One Input....................00 00. +10mA . Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............ cece ee eee +25mA~ Power Dissipation per Package (PD) —_ 
(All Voltage Reference to the VSS Terminal) . For Tee 65°C 10 4100°C nice uch ioe ve cddussaewe saan’ 1W 
Storage Temperature Range (TSTG)...........-65°C to+#150°C = For Ty = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)............. Sued +265°C 

Junction Temperature (TJ)... 0... cece cee eee ee eens +175°C 

ESD Classification cc. aces candace a0 Cee esa ee eee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to-absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditians recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage:ss cacdss vewse cease eedwkew evade +4.5V to +5.5V | Input Low Voltage (VIL)................ _...0.0V to 30% of VCC | 
Input Rise-and.Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max = Input High Voltage (VIH)..............0.5. 70% of VCC to VCC 


Obert Temperature desks (T, od eur ae NIN -55°C to +125°C © 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘GROUP | LIMITS | 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL | - CONDITIONS | GROUPS TEMPERATURE Te UNITS 


| VCC = 5.5V, Ok EE ee 
VIN = VCC or GND ; 
ee 5 RS EN 
(Sink) 


VCC = 4.5V, VIH = 4.5V, +25°C 
V = 0.4V, VIL =0V 
Ouiets ose +125°C, =55°C 
Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, . +25°C 


VOUT =VCC -0.4V, ~ 
te OV ced ° are +125°C, -55°C 


Output Voltage High VCC = 4.5V, VIH.= 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOH = -50p/A, VIL = 1.65V 


N 
° D +125°C, -55°C 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


Output Voltage Low VCC = 4.5V, VIH =3.15V, » 25°C, +125°C, “55°C 
: IOL = 50p/A, VIL = 1.35V : 
VCC = 5.5V, VIH = 3:85V, 
IOL = 50pA, VIL = 1.65V 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 


LIMITS 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE ce UNITS 
| 10, 11 +125°C, -55°C = 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input. TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power VCC = 5.0V, f = 1MHz | 
= ee 
Input Capacitance VCC = Open, f = 1MHz a ee ee 
a | ee oe 
ee 
ae 


a ees 
po 

<a: 0 
ee 
Eas 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and.upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS | ERATURE | 


Quiescent Current VCC = 5.5V, VIN = VCC or GND. 


Output Current (Sink) | VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V | 


Output Voltage Low VCC = 4.5V and 5.5V, +25°C 0.1 
VIH = 0.70(VCC), | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
lOL = 50pA 


Output Voltage High 


VCC = 4.5V and 5.5V, +25°C VCC Vcc ; V 
VIH = 0.70(VCC), -0.1 -0.1 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, | 


VCC = 5.5V, VIN = VCC or GND | 425°C | 


Input Leakage Current 
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- TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS 


Noise Immunity | VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test _ VIL = 0.30(VCC) at 200K RAD, 


VIL =.0.12(VCC) at 1M RAD 
(Note 3) 


InputtoYn 


NOTES: 
1. All voltages referenced to device GND. : |. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH z VCC. 
3. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(os = TABLE 5,-BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


: —_ GROUPB | - 
| - PARAMETER SUBGROUP DELTA LIMIT 
a 
IOUIOH— st BY 15% ofOHour = 


“TABLE 6. APPLICABLE SUBGROUPS 


‘Final Test — 100%/5004 2,3,84,88,1011 | | 
Group A (Note 1) | | Sample/5005 1,2,3,7,84,88,9,1011 fo 


FT a 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


Group D 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST | ae READ AND RECORD 
GROUPS - METHOD PRE RAD POST RAD | PRE RAD POST RAD 


NOTE: a 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


: ; = = : : 3 ‘ " : a a ae ae 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 7 1,2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


3, 6, 8, 11 1,2, 4, 5,9, 10, 
12, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 6, 8, 11 1,2, 4,5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 

| DUT TEST 
VIH POINT 

x=) 
VIL CL | RL 
TPLH 
VOH ------------------2--> | gem, =| - - ---- ----- : 
CL = 50pF 
oven RL = 5000 = 


VOL 


VOH --------------------- | [peeny} | == - 
80% 80% 


VOL OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA +2. 6xA 


DIE ATTACH: 
_ Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


—BOND-PAD-SIZE: ~~ — = eee meen rr ec ee tric ceeee om emerges [oon om 


100um x 100pum 
4 mils x 4 mils 


Metallization Mask Layout 


HCSO08MS 
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(12) A4 


(11) 4 


(10) B3 


(9) AS 


FARRIS 


SEMICONDUCTOR 


uD 


December 1992 


Features 


e¢ 3 Micron Radiation Hardened SOS CMOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V 
- VIH = VCC/2 


Input Current Levels li< 5uA @ VOL, VOH 


Description 


The Harris HCTSO8MS is a Radiation Hardened Quad 2- 
Input AND Gate. A high on both input forces the output to a 
High state. 


The HCTSO8MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTSO8MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HCTSO&MS 


Radiation Hardened 
Quad 2-Input AND Gate 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 
TOP VIEW 


vcc 
B4 
A4 
v4 
B3 
A3 
Y3 


LOGIC 


Functional Diagram 


(1, 4, 9, 12) 
(3, 6, 8, 11) 


(2, 5, 10, 13) 


File Number 2136.1 


Specifications HCTSO8MS 


Absolute Maximum Ratings 


SUDDIV Volage so eaher sod Coen te ee eee heed a nas -0.5V to +7.0V 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input.............. cc eee eee +10mA 
_ DC Drain Current, Any One Output................... 3 ...t25mA 
(All Voltage Reference to the VSS Terminal) 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............06.. +265°C 
Junction Temperature (TJ) ....... ccc cece cee cece eeee » +175°C 
ESD Classification....... Sidi pie asian aeacelae Nk Op aOR ER Class 1 


Reliability Information 


Thermal Impedance ................ Gia 66 
Weld SéaliDIG ein ow ceed aa nae cioue ¢ 75°CIWW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For T, = -55°C to +100°C ........ Pipe ae cee scewtekiss UW 
For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ...... 2 cee ee ee ee eee +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... 100ns/V Max. 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL).......-.-- ieee wereree 0.0V to 0.8V 
Input High Voltage (VIH)......... cece eee ee eee VCC/2 to VCC 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 
Quiescent Current al 


ICC 
Output Current IOL 
(Sink) 
Input Leakage 
Current 
Noise Immunity FN 
Functional Test 


1. All voltages reference to device GND. 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Source) - 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


VCC = 5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, VIH = 2.25, 
VIL = 0.8V (Note 2) 


GROUP 
. A SUB- 
GROUPS TEMPERATURE 


veo =63V, a aie 

VIN = VCC or GND | 2,3 |  +tasec,-s5°¢ =| = | 200 | pa 
ae 
eee 
eoeas 
ees 
aa 


2,3 
2,3 
2,3 
1,2,3 
. 1,2,3 
1,2,3 
1 
2,3 
7, 8A, 8B 


a a 
a 


ea age i eae oA 
425°C, +125°C, -55°C hae ia 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C VCC 


+125°C, -55°C 


— ‘i = i | a ed 


2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


LIMITS 
(NOTES 1, 2) | 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE min | ax. | UNITS 
| | 10, 11 +125°C, -55°C 
10, 14 +125°C, -55°C } 2 | 22 | 
NOTES: | 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES.. TEMPERATURE | MIN | UNITS 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 30 . 
Dissipation 
CIN 


Input Capacitance VCC = Open, f = 1MHz 
1 


Output Transition VCC = 4.5V 
= ues a ee 
+125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+ 
nN 
13] 
° 
© 
— . 
oO 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 
7 (NOTES 1, 2) TEMP- hia 
PARAMETERS | SYMBOL CONDITIONS ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V 
Output Current IOH VCC = 4.5V, VIN = VCC or GND, 425°C -4.0 
(Source) VOUT = VCC -0.4V . 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V @ 200K RAD, 

VIL =0.3V @ 1M RAD, 

IOL = 50nA 
VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL=0.8V @ 200K RAD, 

VIL = 0.38V @ 1M RAD, 

IOH = -50nA 


Input Leakage Current 


LOGIC 


Functional Test VIL = 0.8V 2 200K RAD, 


VIL = 0.3." @ 1M RAD (Note 3) 


“lee 
OL 
VOL 
VOH 

Noise Immunity VCC = 4.5V, VIH = 2.25V, 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
_ | | re LIMITS LIMITS 
PARAMETERS | SYMBOL CONDITIONS ERATURE ‘UNITS 


| Cn [aie [a [wa 
fe ee 


NOTES: ; 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL ="50pF, Input TR:= TF = 3ns, VIL = GND, VIH = 3V. 
3.. For functional tests, VO = 4.0V is‘recognized as a logic “1”, and:VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- 
~~~ DELTALIMIT-~- 


| IOWIOH -15% of 0 Hour 


Group A (Note 1) 


Group B ; Subgroup B-5 


NOTE: 
1. Alternate Group A in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| CONFORMANCE | TEST ; | ; READ AND RECORD 
. GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 
2veC=3v+05V | vcc=6V+05V |  S50kHz =| = 25kHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


: . ; : : " " 13 : ” a oe ee ae 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 7 1,2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH - 
CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH 
80% 80% 


VOL .OUTPUT 
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“| BOND PAD SIZE: 


Die Characteristics 


DIE DIMENSIONS: 
. 87x88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA © 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: . 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 


<2.0 x 10°A/cm? 


100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


B1 (2) 


Y1 (3) 


A2 (4) 


B2 (5) 


HCTSO8MS — 


~HCTSO8MS 
Ai veo B4 
(1) (14) (13) F 
err eran a Sea aaa RABE 
OTT = wl (12) A4 
e ELEEELIE J he . oes 
3 | Gc Fat 
AHL Yee 
Mh Mi af (11) Y4 
ik [ Te 
it | TAWA 
(10) B3 
" UTES 
i gina 
(9) A3 
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ae nao HCS10MS 


Radiation Hardened 


December 1992 Triple 3-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 


° Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
Latch-Up Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
_ TOP VIEW 
The Harris HCS10MS is a Radiation Hardened Triple 3-Input 
NAND Gate. A high on all inputs forces the output to a Low 


vcc 
state. o 
The HCS10MS utilizes advanced CMOS/SOS technology to Y1 
achieve high-speed operation. This device is a member of 63 
radiation hardened, high-speed, CMOS/SOS Logic Family. - oO 
The HCS10MS is supplied in a 14 lead Weld Seal Ceramic A3 S 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line Y3 -! 


Package (D suffix). 


Truth Table Functional Diagram 


INPUTS 


OUTPUTS 


An 
(1, 3, 9) 


Bn Yn | 
(2, 4, 10) (12, 6, 8) 


(5, 11, 13) 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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_ Absolute Maximum Ratings 


Supply Voltage. -v2osc-0u seis ved eee ie eae -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input........ Sa. tates Geharhen ce +10mA 
DC Drain Current, Any One Output............... cece eee +25mA 
(All Voltage Reference to the VSS Terminal) . 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)............e0000- +265°C 
Junction Temperature (TJ) 2... 2. cece eee cece cee teens +175°C 
ESD Classification .......... ese e eee eee e cece eens Class 1 


Reliability Information 


Thermal Impedance 
Weld Seal DIC. sesenee tes cs cede 
Weld Seal Flat Pack............... 

Power Dissipation per Package (PD) , 
For'Ta = -58°C to # 100°C ei ves saws ee se wiceicwe ule viele wes 
For Ta = +100°C to +125°C Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltages. cs cases as taseneeews tow aes as +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)............. eee ees 0.0V to 30% of VCC 
Input High Voltage (VIH)............ ee eeee 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


ARAMETERS SYMBOL 
Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) ° 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH =3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50nA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


Output Voltage Low 


Output Voltage High 


VCC = 5.5V, VIH = 3.85V, 


IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


+125°C, -55°C 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+125°C, -55°C 


VCC 
-0.1 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


LIMITS 
(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE were UNITS 
10, 11 +125°C, -55°C Lee if sede 4 
| 2 | 20 | 


10, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE } MIN | MAX | UNITS 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 26 
Dissipation 


ace 
ee 

ical Mell nid == ae 
en 
i 
1 


ss ece 
ae 
Time TTLH 


ere 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS 


Quiescent Current peal VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, 

VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


Output Voltage High VCC = 4.5V and 5.5V, 
. VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. ; AD LIMIT M LIMI 
(NOTES 1, 2) TEMP- 200K R IMITS | 1M RAD TS 
PARAMETERS SYMBOL CONDITIONS. ERATURE | MIN | MAX | MIN | MAX | 
Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 

Functional Test VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD 
. (Note 3) 

NOTES: . | . 

1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


Input to Yn 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


GROUP B : | 
PARAMETER SUBGROUP DELTA LIMIT 
IOL/IOH 7 ee ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


OD 
a OD 
a 
Grow Noe a 
i aes ae a SN 
OB 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


} OSCILLATOR, 


“STATIC BURN-IN | TEST CONDITIONS (Note 1) 


; = | iain Sha SS a 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


6, 8, 12 7 1, 2, 3, 4, 5, 9, 10, 
11, 13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 2, 3, 4, 5, 9, 
10, 11, 13 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


6, 8, 12 ae ae 1,2, 3,4, 5, 9, 10, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | | AC Load Circuit 


DUT TEST 


VIH POINT 


VIL « 


VOH 


OUTPUT RL = 5002 
VOL 


VOH 


80% 80% 


VOL OUTPUT 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: — 
87 x 88 mils 
2.20mm x 2.24mm 


_ METALLIZATION: - 

_ Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


src onde eh BY CUINNIED IN DDSI. cece oe cece ans etd repenen gaat We ae Sn Stag nie SN a aah aa Fanti S acter ae anne | Sunk 


100um x 100um 
4x4mils 


Metallization Mask Layout 
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®@ HARRIS HCTS10MS 


Radiation Hardened 


December 1992 Triple 3-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD(Si) 

e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 


- LSTTL Input Compatibility . 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


hedge 14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTS10MS is a Radiation Hardened Triple 3- TOP VIEW 


Input NAND Gate. A high on all inputs forces the output to a 
Low state. 


The HCTS10MS& utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS10MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 
C1 
“Y1 
C3 
B3 
A3 
Y3 


LOGIC 


Truth Table Functional Diagram 


INPUTS 


OUTPUTS 


Bn “Yn 
(2, 4, 10) (6, 8, 12) 


Cn 
(5, 11, 13) 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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- Specifications HCTS10MS 


- Absolute Maximum Ratings © 


Supply Vollage aces eran ees aw ieu ke wnoa sees -0.5V to +7.0V 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................ 2c eee ee +10mA 
DC Drain Current, Any One Output..... 22... ... cee eee eee +25mA 
‘(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............-.. +265°C 
Junction Temperature (TJ) ...... 0. cece cece cece eees +175°C 
ESD Classification. «v.55 0s0 454 ea van sae wes 6 oe es seco Class 1 


Reliability Information. 


Thermat Impedance 


Weld Seal DIC............ 2. ee eee 75°C/W 16°C/W 

Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) ; 

FOP tn 90 ClO4100 Cees eck tle ir eren area pane’ 1W 

For T, = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 


damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device relia 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


bility. The conditions listed 


Operating Conditions 


SUDDIY VOUAGG is 6iesS G4 ev tabs eee saree +4,5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 
Operating Temperature Range (Ta) ......... 2 55°C to +125°C 


Input Low Voltage (VIL) 
Input High Voltage (VIH) 


0.0V to 0.8V 
VCC/2 to VCC 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


| 
I 
VOUT = 0.4V, VIL = OV 
Output Current 
Vv 
V 


CC 
OL 
(Source) 
OL 
OH 
FN 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 


Functional Test 


NOTE: 


1. All voltages reference to device GND. 


VCC = 5.5V, VIN = VCC or 
GND ‘ 

VCC = 4.5V, VIH = 2.25V, 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
A SUB- 
GROUPS TEMPERATURE 


+125°C, -55°C 


425°C, +125°C, -55°C 


Eee 
| 23 
4.0 


-4.0 


+25°C, +125°C, -55°C 


425°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+125°C, -55°C 


A/S] > 
o;o] a 


VCC 


VCC 


1 
2,3 
1 
1,2,3 


oO =) 
mde as, 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER ia CONDITIONS TEMPERATURE 


10, 11 +125°C, -55°C 


10, 11 +125°C, -55°C 
NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ vwmuarn [sno | commons | sores | rewenne | S57] woe 
Capacitance Power VCC = 5.0V, f = 1MHz et 
woe 
Time TTLH 


— ae 

ee ee ae oe 

Fea ae (a 

aed p- | 2 
NOTES: 7 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(ree RAD 
LIMIT 
(NOTES 1, 2) TEMP- 2 
CONDITIONS ERATURE 


VCC = 5.5V, VIN = VCC or GND +25°C 
+25°C 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT =VCC -0.4V 
VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 


RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


Output Voltage High VCC = 4.5Vand 5.5V, +25°C 
VIH = 2.25V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pA 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND 


Noise immunity VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


— 
— 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1,2) 


200K RAD 1M RAD 
a ; TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Input to Output VCC = 4.5V } 425°C | 2 | 24 | 2 [| 28 | ons | 
NOTES: 


1. All voltages setarenesd to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- 


_ PARAMETER  _ | =~ GROUP | ————CSéDELTALIMIT. |] 


a 
IOL/IOH ee ae sl 45% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS . 


Initial Test (Preburn-In) ICC,IOVH 

Interim Test I (Postburn-In) — =e ICC, IOL/H 

Interim Test II (Postburn-In) ICC, |IOL/H | 

Interim Test III (Postburn-In) < ICC, |OV/H 
, 

NOTE: | a 


1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION | 
READ AND RECORD 


TEST | = 
METHOD PRE RAD POSTRAD | PRERAD | POST RAD 


CONFORMANCE 
GROUPS 


Group E Subgroup 2 
NOTE: | | 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+t0.5V | 5S0kKHz =| 5KHz 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1,2, 3,4, 5, 7,9, 10, 11, 14 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1, 2, 3, 4, 5, 9, 10, 
11, 13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


6, 8, 12 1, 2, 3, 4, 5, 9, 
10, 11, 13 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


6, 8, 12 1,2, 3, 4, 5, 9, 10, 14, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams : AC Load Circuit 
DUT TEST 
VIH | 3 POINT 
=D 
VIL cL RL 
TPLH | 
SOc see a a eee 
CL = 50pF 
pearus RL = 5000 = 


VOL 


VOH --------------------- | |p_neey| | ------ == 
80% 80% 


VOL OUTPUT 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
87x88mils 
- 2.20 x2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm 


-BOND-PAD SIZE:— 


100um x 100nm 
4x4mils 


Metallization Mask Layout | 
HCTS10MS 


. c C1 
(1) (14) (13) | 
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fh 
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tt 


December 1992 


Features 


¢ 3 Micron Radiation Hardened SOS CMOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10°9 Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions. 

¢ Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 

DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max ~ 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS11MS is a Radiation Hardened Triple 3-Input 
AND Gate. A high on all inputs forces the output to a High 
state. | 


The HCS11MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS11MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Lin 
Package (D suffix). 


Truth Table 


INPUTS 


OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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HCS11MS 


Radiation Hardened 
Triple 3-Input AND Gate 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 
TOP VIEW ; 


vcc 
C1 
Y1. 
C3 
B3 
A3 
Y3 


LOGIC 


Functional Diagram 


(1, 3, 9) 
An 


(2, 4, 10) (12, 6, 8) 
Bn Yn 


(13, 5, 11) 
Cn 
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Absolute Maximum Ratings - Reliability Information 

SUPDIY VO AGG wx 6.5 ieee Mn aie seth ece sid aceite ..-0.5V to+7.0V Thermalilmpedance ................ Gia Bic 
Input Voltage Range, All Inputs .......... ....°0.5V to VCC +0.5V Weld Seal DIC... 1... cece eee eee . 75°C 16°C/W 
DC Input Current, Any One Input...............0. cee eee .+10mA Weld Seal Flat Pack..............- 64°CWW 12°C/W 
DC Drain Current, Any One Output..................0008- +25mA _ Power Dissipation per Package (PD) a 
(All Voltage Reference to the VSS Terminal) * PORN es eOS°C 10-100 Cite cca ewcd ie hel pei awe ae eee e aa 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)................-. +265°C . 
Junction Temperature (TJ) ......... PG Sakae wosews +175°C 

ESD Classification «5 224.64 wee exntawkseees eeees wees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent - 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage ........ cece ccc eee tees +4.5V to+5.5V Input Low Voltage (VIL)........... ce eer 0.0V to 30% of VCC 
input Rise and Fall Times at 4.5V VCC (TR, TF).....:100ns/V Max = Input High Voltage (VIH).............0000- 70% of VCC to VCC 
Operating Temperature Range (Ta) ...... Re siices -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) 
CONDITIONS TEMPERATURE 
VIN = VCC or GND 


+125°C, -55°C 


Es 
| a3 | 

ESE Bes rtasre, sere [40 
ae 


i 
1 
' 
1 
! 
1 
i 
! 
! 
1 
. i 


Output Current 
(Sink) 


2 


VCC = 4.5V, VIH = 3.15V, 


is aS 
fee) © 


Output Voltage. Low a 


Output Voltage High 


Input Leakage 
Current 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL = 0V_ 


ICC 

OL 
10H 
VOL - 
VOH 
FN 


7, 8A, 8B | +25°C, +125°C, -55°C 


ro) ° 
—_d J 


2,3 
2,3 
1 
p28 +125°C, -55°C -4.0 
1,2,3 +25°C, +125°C, -55°C 
IOL = S0pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 1,2,3 +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 
VCC = 4.5V, VIH = 3.15V, 1,2,3 | +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.35V : 
VCC = 5.5V, VIH = 3.85V, 1,2,3 +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.65V ; 
GND j 
+125°C, -55°C 
Noise Immunity VCC = 4.5V, , 8A, 
Functional Test VIH = 0.70(VCC), . 
VIL = 0.30(VCC) (Note 2) 
NOTE: 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE ars UNITS 


Input to Yn TPHL | VCC =4.5V a ee ee ee oe 
| | p tit | wtasec-ssxc | 2 | 20 | ons 
Input to Yn TPLH | VCC =4.5V Po 9 [esc | 2 | 20 | ons 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL =-500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power VCC = 5.0V, f = 1MHz 4 [25°C | Typical20 | 
Eel el 
Input Capacitance VCC = Open, f = 1MHz i a ae 
meee ee 
ae 

bo 


a 

ee ee 
ae eo ea 
Time TTLH 

P| ee 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters..Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


ata 
UNITS 


or 
pie! 
= 
_ ns | 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Quiescent Current a ae VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 


0.1 0.1 V 
VCC = 4.5V and 5.5V, +25°C VCC VCC V 
VIH = 0.70(VCC), 0.1 0.1 , 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA | 


jvoc=sav.vnaverweno| wo | - |= || = | 


Output Voltage High 


< 
E . 
a i 


Input Leakage Current 
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_ ns | 
Le 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 425°C | 
(Note 3) 
0 | 25 
1. All voltages referenced to device GND. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
‘ 200K RAD LIMITS | 1M RADL 
(NOTES 1, 2) TEMP- IMITS 
PARAMETERS SYMBOL ~ CONDITIONS ERATURE 
EN 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
| | VIL = 0.12(VCC) at 1M RAD 
Data to Output TPHL | VCC=4.5V Le 
| TPLH | VOC = 4.8V a 
NOTES: 

2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) its 


| GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 
IOL/IOH : aa ee -15% of 0 Hour - 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test.I (Postburn-in) 1,7,9 
interim Test III (Postburn-In) ; 1,7,9 ICC, IOL/H 


Final Test : 100%/5004 2, 3, 8A, 8B, 10, 11 


1,2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


SONFORMANCE saad | TEST . READ AND RECORD 
M 


GROUPS ETHOD PRE RAD POSTRAD | PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1,2, 3,4, 5, 7,9, 10, 11, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1,2, 3, 4, 5, 9, 10, 
11, 13, 14 
DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 
7 6, 8, 12 14 1, 2,3, 4, 5, 9, 
10, 11,13 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


6, 8, 12 1,2, 3,4, 5,9, 10, 11, 13, 14 


AC Timing Diagrams - AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL = 5002 . 


VOL 


VOH --------------------- | |p} | == ---. 
80% 80% 


VOL OUTPUT 


PARAMETER 
VCC 
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_ Die Characteristics © 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 ne + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA +2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: . 
<2.0 x 10°A/cem 


-| BOND PAD-SIZE:~-—---- ne i te 


100m x 100um 
4x4mils 


Metallization Mask Layout _ 
_ HCS11MS 


Al Vcc et 
— eee 4) — 3) 
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ee | 
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Br 


(12)Y1 


(11) C3 


(10) BS 


Barris = HCTS11MS 


Radiation Hardened 


December 1992 | Triple 3-Input AND Gate 
Features | | Pinouts 
e 3 Micron Radiation Hardened SOS CMOS . 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


Total Dose 200K or 1 Mega-RAD (Si) 

Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 

- VIL =0.8V Max. 

- VIH = VCC/2 Min 

Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 


The Harris HCTS11MS is a Radiation Hardened Triple 3- 
Input AND Gate. A high on all inputs forces the output to a 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 


; TOP VIEW 
High state. 
The HCTS11MS utilizes advanced CMOS/SOS technology vec 
to achieve high-speed operation. This device is a member of C1 
radiation hardened, high-speed, CMOS/SOS Logic Family. Yi 
The HCTS11MS is supplied in a 14 lead Weld Seal Ceramic cs 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line B3 O 
Package (D suffix). A3 GO 
Y3 o 
Truth Table Functional Diagram 
Pan [en [on | vn . 
n : 
Bn Yn 
es ee Ue = = 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2409.1 


Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings Reliability Information 
SUDDIY VONAGE }cne oh okctee eats casa adam aaaes -0.5Vto7.0V Thermallmpedance ................ Via 8. 
‘Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.......... 0... eee 75°CW 16°C/W 
DC Input Current, Any One Input.................... 0000 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............. 0... eee eee +25mA __ Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) FOr Tq=-55 ClO F100 ois teste ee eenean ... IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)............... we. €265°C : 
Junction Temperature (TJ)... ..... cece ce eee eee ences +175°C 
ESD Classification ............. cece eee eee eee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC). 2... ccc eee eee ee eee +4.5V to+5.5V = Input Low Voltage (VIL)... 0.2... cee eee eee eee eee 0.0V to 0.8V 
Input Rise and Fail Times at 4.5V VCC (TR, TF).... 100ns/V Max. = Input High Voltage (VIH)............ 2. cece eee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
owmeencames | EP [neveterano | fs 
VIN = VCC or GND Pe eeae. | = m 


Output Current IOL- | VCC =4.5V, VIH=4.5V, ee ae 
Sink VOUT = 0.4V, VIL = OV 
Output Current VCC = 4.5V, VIH = 4.5V, fa 4 


(Source) VOUT = VCC -0.4V, 


VIL = OV +125°C, -55°C 


VCC = 4.5V, VIH = 2.25V, 1,2,3 | 425°C, +125°C, -55°C 
IOL = SOpA, VIL = 0.8V | ) 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 1,2,3 | 425°C, +125°C, -55°C 
IOH = -50u1A, VIL = 0.8V 


GND 
tenes +125°C, -55°C 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B |} +25°C, +125°C, -55°C 


4 
2,3 
{ 
2,3 
4 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 
2,3 


VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS TEMPERATURE min | 
Input to Output TPHL | VCC =4.5V ae 425°C {2 | 
ee ca ex 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C 


a 
ee 
a ea 

pe 


pF 
pF 
Output Transition TTH 


vere 
2 
ei acs 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


; | 2 |) 200K RAD 1M RAD 
LIMITS LIMITS 
| | (NOTES 1, 2) TEMP- — 
PARAMETERS SYMBOL CONDITIONS ERATURE | MAX | 
OL VCC =4.5V, VIN=VCC orGND, | +25°C 
VOUT = 0.4V 
Output Current IOH VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 
L 
H 


Output Voltage Low V VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50A 

Output Voltage High V VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 

. RAD, VIL = 0.3V at 1M RAD, 
IOH = -50A 

Input Leakage Current VCC = 5.5V, VIN = VCC or GND 


Noise Immunity F VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Quiescent Current 


O 
O 
IN 

N 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
eet LIMITS LIMITS 
- PARAMETERS SYMBOL CONDITIONS ERATURE 


poMin [max | Min | MAX 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns; VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE.5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
~ PARAMETER _s{|_ =SUBGROUP |  —s‘DELTALIMIT. ss i. 


a OS 


IOL/IOH -15% of 0 Hour 


‘TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS 


[READ AND RECORD _ 
| 
ec 
a 
a 
[aroun «dt Sempsoos | eect | 


Group B - .{ SubgroupB-5 Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate Group A in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


‘CONFORMANCE - TEST READ AND RECORD 
GROUPS | * METHOD PRE RAD POST RAD ' PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V+0.5V VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


13 


STATIC BURN-IN Il TEST CONDITIONS (Note 1) 


7 1,2, 3, 4, 5, 9, 10, 
14, 13, 14 


DYNAMIC BURN-IN TEST CONDITIONS (Note 2) 


: 7 14 1, 2, 3, 4, 5, 9, 10, 
11, 13 
NOTE: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


«6,8, 12 1, 2,3, 4, 5,9, 10, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams _ | AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL =500Q 


VOL 


VOW ee ae dec cesses iesscee: 


owewewawewwrwe 


80% 80% 


| PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
- Type: SiAl 
Metal Thickness: 11kA +1kA _ 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


| WORST CASE CURRENT DENSITY::. — 
<2.0 x 10°A/cm?. 


__BONDPADSIZE::. eee nes cette lee eee cine ee 


100m x 100um. 
4 mils x 4 mils 


Metallization Mask Layout. 
- HCTS11MS__ 


At vcc —i Ct 
(1) - > (14)> oe -(13) 


° . ove * . 
‘ee = 
‘ = 
1 ' en 
we : 
, eee-ry 
rh = : 
ig = 
als = s. o 
a | =" 
ri D : 
Nes: ne 
ale , prbetroes pete 
acil aaiaee A Upegsere: ‘ 
| LJ ' 
ry —4 


widths, 
may} ii 


= 7h —' ATE Bono): (ever 4 


B1 (2) 
o=7- : i 


| ans; i ae pe rari. ' : 
———— ——* c we ' ah Un i 


PIE 
al 


‘ 


J 

.) 

y 

4 

ws ry bod i ( H 
—— = ' 2 ie ma” oi ily fee, 

3 waite 1 

| 

( 

4 

‘ 

‘0 


A2 (3) 5 
ey) 


Bro. Sars 
"saree 


iaeRs 


BG 
UE WUD Wb vOiahes 


B2 (4) 


C2 (5) 


ii 


mn 


3 
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gprmaRRIS j= HCS14MS 


Radiation Hardened 


December 1992 = | : HEX Inverting Schmitt Trigger 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-183S, Re ee ace 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK | 
Description | MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS14MS is a Radiation Hardened HEX Invert- 


ing Schmitt trigger. A high on any input forces the output to a 
Low state. 


The HCS14M6& utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS14MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


vcc 
A6 
Y6 
AS 
Y5 
A4 
Y¥4 


Truth Table | | Functional Diagram 
An Yn 
a aa 


NOTE: L = Logic Level Low, 
H = Logic level High 


INPUTS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3049 
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Absolute Maximum Ratings | 


Supply: Vollage 46. ccwe census teseewieieees -0.5V to +7.0V 
input Voltage Range, All Inputs .............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............... ccc eee eee +10mA 
DC Drain Current, Any One Output. .............. 20. e eee +25mA 
(All Voltage Reference to the VSS Terminal) ; 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............04. +265°C 
Junction Temperature (TJ)... ... 2 ce cece cece ee cee ee +175°C 
ESD Classification ...........0. cece eeee Siete nad waste Class 1 


Reliability Information 


Thermal Impedance ................ Bia ic 
Weld Seal DIC..............0000- 75°CW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 


Power Dissipation per Package (PD) . 
For Ty = -55°C to +100°C ............ 00 Sioa eaotnege 1W 
For T, = +100°C to +125°C Derate Linearly at 18mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 
SUPDIY VOItAGS esse eae onesies Wee Cees bees +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)... . Unlimited Max 


Operating Temperature Range (Ta) .........-.. -55°C to +125°C 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 
GND | 

VCC = 4.5V 

VCC = 4.5V 

VCC = 4.5V 


ca 
Input Switch Point 
NOTE: 


1. All voltages reference to device GND. 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 


VIL = 0.30(VCC) 


GROUP LIMITS 
A SUB- : 
GROUPS TEMPERATURE UNITS 


Quiescent Current ICC VCC = 5.5V, 
| MINENOCOFGND [aa | 4125%C, -55° 


Output Current IOL VCC = 4.5V, VIH = 4.5V, 
ink = 0.4V, VIL = 

(Sink) VOUT = 0.4V, VIL = OV +125°C, -55°C 

Output Current on | voo=4sv, VIN=45v, 

(Source) VOUT = VCC -0.4V, : Fs 

Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 

| IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, VCC 
IOH = -50p/A, VIL = 1.35V -0.1 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.65V -0.1 


Eee 
feed 
become! 
ne 
Wal sd 
Lo 
eee 
is 
Ee! 
a ae 
Lee 
Peng 
Leen 


2,3 
1,2,3 
1,2,3 

1 
1 
2,3 
1 
2,3 
2,3 
7, 8A, 8B 


Input Low Voltage (VIL)............... 0.0V to 30% of VCC Max. 
Input High Voltage (VIH).............. 70% of VCC to VCC Min. 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+0.5 
++5.0 


r 
ee 


+25°C, +125°C, -55°C 


1.35 
1.35 © 
0.40 
0.40 


1.40 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 


LIMITS 
PARAMETER — | SYMBOL CONDITIONS GROUPS TEMPERATURE | omin | max | UNITS 
10, 11 +125°C, -55°C ) 2 | 20 | 


25°C 
10, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL= GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz +25°C 

Goa al el 
Input Capacitance CIN VCC = Open, f = 1MHz +25°C 
Time TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


© 
© 
re) 
| 


Output Current 
(Source) 


VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


‘PARAMETERS 
Noise Immunity FN ‘VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test . VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Input to Output TPHL VCC = 4.5V 


Input Switch Points 


NOTES: ar 


1. All voltages referenced to device GND. a en ee ene rete See ae 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. . 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH a ae -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) 1,7,9 ICC,IOUH 
Interim Test II (Postburn-In) | 1,7,9 ICC, IOL/H 
4,7, 9, Deltas 
10 | 
10 
10 


vu 
oO 
> 


v 
> 


Interim Test III (Postburn-In) -4,7,9 

D 1, 7, 9, Deltas 
Final Test 2,3, 8A, 8B, 10, 11 
Group A (Note 1) 1,2, 3, 7, BA, 8B, 9, 10, 11 
Group B | 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 
a 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. : 


ICC, IOL/H 


Subgroups 1, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD | POST RAD 
Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


} OSCILLATOR ILLATOR 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


ee ee 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 68OKQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 4,6, 8, 10, 12 1,3, 5,9, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams : _ | Hysteresis Definition, Characteristic and 
Test Setup 
VIH 


VIL 


VOH 


OUTPUT 
VOL 


VOH 


80% 80% 


VOL OUTPUT 


GND 


Tere, 
vo 
GND 
AC Load Circuit 
DUT TEST 
POINT 
CL > RL 
CL = 50pF 
RL = 5000 = 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2,20 x2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOo: | 
Thickness: 13kA Da 2.6kA . 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


100m x 100um 
4x4mils 


Metallization Mask Layout | 


Y1 (2) | 

A2 (3) Sia a Patt rt || 
2 ee 

Y2 (4) 

A3 (5) 


1 Sees ‘4, 


4 i) 


I 
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(12) Y6 


(11) AS 


(10) YS 


(9) A4 


grarRRIsS = HCTS14MS 


Radiation Hardened | 


December 1992 Hex Inverting Schmitt Trigger 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Mega-RAD (Si) CASE OUTLINE D-1, ea 3, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10°° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V. 
e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5uA @ VOL, VOH 


Description 14 PIN CERAMIC FLAT PACK 
CASE OUTLINE F-2A, CONFIGURATION 2, LEAD FINISH C 
The Harris HCTS14MS is a Radiation Hardened HEX Invert- TOP VIEW 


ing with Schmitt trigger inputs. 


The HCTS14MS utilizes advanced CMOS/SOS technology vcc 
to achieve high-speed operation. This device is a member of AG 
radiation hardened, high-speed, CMOS/SOS Logic Family. Y6 
The HCTS14MS is supplied in a 14 lead Weld Seal Ceramic AS 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Y5 © 
Package (D suffix). i S 
—! 
Y4 


Truth Table Functional Diagram 


OUTPUTS | 
Yn 


ee ee ee ee 


NOTE: L = Logic Level Low, H = Logic level High 


INPUTS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3205 
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Absolute Maximum Ratings | 7 Reliability Information 
Supply Vollage <6 ii2sc.sebu eee etweelseigs -0.5V to+7.0V Thermal lmpedance ...............- Bia Oc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ...... 0... eee eee 75°CWW 16°C/W 
DC Input Current, Any One Input................0 002s ees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

~ DC Drain Current, Any One Output....... POUL ee weed eeS +25mA Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) ROC TKS 55°C to 4100S co seraa nea oveeeeiewacieeats iW. 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...............06. +265°C | 
Junction Temperature (TU) .........cc cece eee ee cece +175°C 
ESD ClassihiCduon ouivs sieves Wo 35:e oP Se wETR CORES Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC). ............06- Piva genet +4.5V to +5.5V Input Low Voltage (VIL).......... Serer ere 0.0V to 0.8V 
Input Rise and Fall Times-at 4.5V VCC (TR, TF)........ Unlimited Input High Voltage (VIH).............. bi eee deers VCC/2 to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 


a Ee 
cee 
ee 
tee 


+125°C, 55°C 


ra 
ce 
ieeeae 
ae 
boa 
Ki nied Kal 
eee 
kl 


VCC = 5.5V, 

VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


(Sink) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 7 


VCC = 4.5V, VIH = 2.25V, 
lOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


ICC 
lOL 
sar 
VCC = 5.5V, VIN = VCC or 
FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V 
NOTE: 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Noise Immunity 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


(NOTES 1, 2) | 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
Propagation Delay TPHL | VCC =4.5V, VIH =3.0V 
| aa 10, 11 +125°C, -55°C 


re] = 
led eg 2 SS ee ee 
VIL = OV 
¥ C2 [a 
<= 


~ 40,11 - +125°C, -55°C 


CN cc 


Input Switch Point 


225 
Tian | vascaro [os | 225 


NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


CPD VCC = 5.0V, VIH = 5.0V, +25°C 
[fate 
Input Capacitance CIN VCC = 5.0V, VIH = 5.0V, +25°C 
Output Transition VCC = 4.5V, VIH =4.5V, 425°C 
Time TTLH VIL = 0.0V 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Capacitance Power 
Dissipation 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
: 
| aoe LIMITS LIMITS 
PARAMETERS SYMBOL | ERATURE | MIN | 


Quiescent Current VCC = 5.5V, VIN = VCC or GND | vero | - | o2 | - | 
-Qutput Current (Sink) f°  IOL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
; VOUT = 0.4V 
Output Current ‘| 10H VCC = 4.5V, VIN= VCC orGND, | +25°C -4.0. 
(Source) VOUT = VCC -0.4V 


4.0 
Output Voltage Low | VOL | VCC =4.5V and5.5V, - +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
= (NOTES 1, 2) _ TEMP- 
SYMBOL CONDITIONS ERATURE | MIN | | MIN | 
VOH. | VCC =4.5V and5.5V, ce 
IOH = -50pnA | 
| IN | VCC =5.5V, VIN= VCC or GND | +25°C 


PARAMETERS 
Output Voltage High 


VIH = VCC/2, VIL = 0.8V at 200K 


RAD, VIL = 0.3V at 1M RAD, 


N | VCC =4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) - 


Propagation Delay VCC = 4.5V 
| Input Switch Point a. ; Co. —1 0.40 —- 
[ve |woomas |e 00 


| 225 | 
Pwa|veowas «| (aero | oso | tao | ono | 140 |v _ 
NOTES: | 3 | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. - 
_3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 


Functional Test 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


oe GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 
IOVIOH Lee 45% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS | : 


a 
[eomaeen | Senpasoos | uaareneain [ 
Sn a 
[ee «dCs TORO | 


NOTE: 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


T READ AND D 
CONFORMANCE EAD AND RECOR 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS 


24681012 | 13579118 | © fT 


STATIC BURN-IN Il TEST CONNECTIONS 


DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 4, 6, 8, 10, 12 1,3,5,9, 11, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timiing Diagrams 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


VIH = 


VIL 


VOH 


OUTPUT 
VOL 


VOW Sc2seceeteece ce erees sl || prcteeneatemeieees |): |neceanaeed 
80% 80% 


OUTPUT 


VOL 


AC Load Circuit 
DUT : TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Die Characteristics 


_ DIE DIMENSIONS: 


87 x 88 mils 
2.20 x2.24mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + -2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? | 


BOND PAD SIZE: 
100m x 100nm. 
4x4mils 


Metallization Mask Layout 


Onn Atha ‘ 
talis 
s 


ean) 
Win 


HCTS14MS 


HCTS14MS 


o 
0) 
Oo 
a 


a 


‘Ai : 


com 


{ | 
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at 
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} HARRIS ~ HCS20mMSsS 


-Radiation Hardened 


December 1992 Dual 4-Input NAND Gate 
Features Pinouts 
°° 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE _ 
: MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
* Dose Rate Upset +10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ 
¢ Latch-Up Free Under Any Conditions 
¢ Military Temperature Range: -55°C to +125°C 
.|--.« Significant Power.Reduction: Compared to LSTTL-ICs--|-—- —-- -—-- —---— 
.¢' DC Operating Voltage:Range: 4.5V to 5.5V 
¢ Input-Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e¢ Input Current Levels li < 5uA at VOL, VOH 


TOP VIEW 


_14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS20MS is a Radiation Hardened Dual 4-Input 
NAND Gate. A low on any input forces the output to a High 


state. | . $i 
The HCS20MS utilizes advanced CMOS/SO$S technology to NC 
achieve high-speed operation. This device is'a member of c1 
radiation hardened, high-speed, CMOS/SOS Logic Family. ee 


The HCS20MS is supplied in a.14 lead Weld Seal Ceramic | v1 
_ flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
«Package (D suffix). | 


GND 


‘Truth Table oe | Functional Diagram 
(1, 9) 
An 
Bn 


(2,10) 


(6, 8) 
Yn 


(4, 12) 
Cn 


Dn 
(5, 13) 


. NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. . File Number 3050 
Copyright © Harris Corporation 1992 7-160 
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Absolute Maximum Ratings Reliability Information 

Supply Voltages .esec- eds wo were eSeeaws -0.5V to+7.0V Thermallmpedance ................ Oia Oi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.............. eee 75°CW 16°C/W 
DC Input Current, Any One Input............. cece eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................000 +25mA ___— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Ta 05 C 10 4100°C wens ou ts ose ewe aa Gis ann ere oe 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 18mW/C 

Lead Temperature (Soldering 10sec)...............06. +265°C 

Junction Temperature (TJ)... .... ccc cece cee cece eee +175°C 

ESD Classificatlon casGdcccsie se psaw ce eduteae a bes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

SUPDIY Voltage oss. ck. seein ddwneeneeee es +4.5V to+5.5V =‘ Input Low Voltage (VIL)............. 00 eeee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max = Input High Voltage (VIH)...............0.6. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS « TEMPERATURE 
Quiescent Current VCC = 5.5V, 
VIN=V ND 
oe +125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


+125°C, -55°C 
Source). 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV _ 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Output Voltage High 


Input Leakage 
Current 


+125°C, -55°C 


VCC = 5.5V, VIN = VCC or 
GND 

VCC = 4.5V, 7, 8A, 8B | +25°C, +125°C, -55°C 
VIH = 0.70(VCC), (Note 2) 

VIL = 0.30(VCC) 


Noise Immunity 
Functional Test 


= | Pe 
23 
ia oe 
23 
__ en 
Output Voltage Low a VCC = 4.5V, VIH =3.15V, | 
IOL = 50pA, VIL = 1.35V 
| = 
ol 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Bak ke LIMITS - 
“(NOTES 1,2) 


PARAMETER © | SYMBOL CONDITIONS © TEMPERATURE 


a a = 
_ fe = 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, :Input-TR-= TF = 3ns, VIL = GND, VIH = VCC. 


‘TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | t 
Capacitance Power cpp | VCC =5.0V, f= 1MHz re ee Typical 25 Lape 
Dissipation rs : 

vor | 125°C Typical 30 - 
Input Capacitance VCC = Open, f = 1MHz 10 pF | 
H 


as 
Saas = 
ce 
ae ee oe Ste 
Ti TTLH 


: 
+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| _ (NOTES 1, 2) 
PARAMETERS SYMBOL — CONDITIONS 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN=VCCorGND, | +25°C 
| VOUT = 0.4V | : 
Output Current VCC = 4.5V, VIN = VCC or GND, 425°C © 
(Source) VOUT = VCC -0.4V 


Output Voltage Low | VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOL = 50nA 


1CC 
[OL 
IOH 
VCC = 4.5V and 5.5V, 


Output Voltage High 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL CONDITIONS ERATURE | MIN | MAX | MIN | MAX | 
Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), 4.0 * 4.0 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Functional Test 
[arin fvoowaev | eet |e | me |e | | oe 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP | DELTA LIMIT 


a 
IOL/IOH fi eh -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) ICC, IOU/H 
Interim Test II (Postburn-in) . ICC, IOL/H 
Interim Test III (Postburn-In) . 


ICC, |OUH 


Oo 
> 


Uv U 
> 


Group B Subgroup B-5 Subgroups 1, 2, 3, 9, 10, 11 
a 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| «OSCILLATOR 


_ GROUND © 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1,2, 4,5,9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


7 | 3, 6, 8, 12 | 14 1, 2, 4, 5, 9, 10, 
| 12,13 


NOTES: 


___ 1. Each pin except VCC and GND will have a resistor of 10KQ +.5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


a VOC = 5V#0.8V 
eC ee ee ee 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | | AC Load Circuit 
DUT TEST 
-VIH POINT 
| = CL RL 
VOH 
: CL = 50pF 
OUTPUT ee 2. RL = 5000 = 


VOL 


VOH 


80% . 80% 


VOL OUTPUT - 


PARAMETER 


7-164 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AISi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO». 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


ed th q ’ 


Teddi ia ial 
alee UUULL 


i ' 
° 
=| a 4 #4 
= ajSeT a 
1 ‘ { 
ny. 
aig 
t 
Dias te kage = 
t 


=" 
i 


HCS20MS 


HCS20MS 
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gp rARRIS HCTS20MS 


Radiation Hardened 


December 1992 Dual 4-Input NAND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


° Total Dose 200K or 1 Mega-RAD(Si) 

* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4. SV to 5. SV 


¢ LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5uA at VOL, VOH 


TOP VIEW 


Description 
; i 14 PIN CERAMIC FLAT PACK 
The Harris HCTS20MS is a Radiation Hardened Dual 4- . MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
Input NAND Gate. A low on both input forces the output to a TOP VIEW 
High state. 
The HCTS20MS utilizes advanced CMOS/SOS technology ™ 
to achieve high-speed operation. This device is a member of —~Bt 
radiation hardened, high-speed, CMOS/SOS Logic Family. NC 
The HCTS20MS is supplied in a 14 lead Weld Seal Ceramic de 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line DI 
Package (D suffix). | Y1 
~ GND 
Truth Table | | Functional Diagram 


INPUTS OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


File Number 3051 
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Absolute Maximum Ratings 7 Reliability Information 

Supply Voltage (VCC)... 0... ee eee eee eee eee -0.5V to+7.0V Thermal Impedance ................ Gig 8. 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.......... cece eee 75°CWW 16°C/W 
DC Input Current, Any One Input.................. eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................... 20 +25mA _ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr In =b5°C 10 4100 40505 ec weae eesaaewewnvee et 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)...............4.. +265°C 

Junction Temperature (TJ)... . cece eee ees +175°C 

ESD Glassilicationts:3.3 os ccviasesos ta teil feee oe Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting.in permanent... 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed: 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... 0. wc cece eee eee eee +4.5V to+5.5V = Input Low Voltage: (VIL)... eee ee ee eee 0.0V to 0.8V . 
Input Rise and Fall Times at 4.5V VCC (TR, TF):.....100ns/V Max = |nput High Voltage (VIH)............ 0... 2 eee VCC/2 to VCC 
Operating Temperature Range (Ta) ............- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. (NOTE 1) 
PARAMETERS SYMBOL _ CONDITIONS TEMPERATURE 


ee 
+125°C, -55°C Poe 
+125°C, -55°C 0 
4 


GROUP LIMITS | 
A SUB- 


GROUPS 


PPP 


UNITS 


10 
200 


Quiescent Current VCC = 5.5V, 
VIN=VCC orGND — 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


> 
foe) 


Output Current - {OL 

(Sink) : 

Output Current 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


ICC 
4 
(Source) . 
VOH VCC = 4.5V, VIH = 2.25V, : 
IOH = -50pA, VIL = 0.8V -0 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C VCC 
IOH = -50u/A, VIL = 0.8V -0.1 
FN VCC = 4.5V, VIH = 2.25V, 7,8A, 8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.80V (Note 2) 7 
NOTES: | 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


3 


tel 

23 | 

ie : 

az | 48 
eee P23 | +125°C, -55°C 


8 


VCC = 4.5V, VIH = 4.5V, 


3 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 


Output Voltage Low 
IOL = 50pA, VIL = 0.8V 


425°C, +125°C, -55°C 


Output Voltage High 


425°C, +125°C, -55°C 


m 
m 
m 
m 
V 
V 
V 
V 
m 


+0.5 
+5.0 


Input Leakage A 


Current 


Noise Immunity 


EUEEEE 


1 
2,3 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 (NOTES 1, 2) / 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
| 10, 11 +125°C, -55°C 


10, 11 +125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. | oe 
2. AC measurements assume RL = 500Q, CL:= 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


‘PARAMETER SYMBOL ’ CONDITIONS 


Capacitance Power | CPD VCC = 5.0V, f= 1MHz 
Dissipation ; 
| 


+125°C 


_Input Capacitance VCC = Open, f= 1MHz ae 
Output Transition TTHL | VCC =4.5V a 
i un —a 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process:parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
LIMITS j LIMITS 
(NOTES 1, 2) ‘TEMP- |. 
PARAMETERS SYMBOL CONDITIONS ERATURE 
IOL 


Output Current (Sink) | VCC = 4.5V, VIN=VCC orGND, | +25°C 4.0 
VOUT = 0.4V ; 

Output Current H VCC = 4.5V, VIN = VCC or GND, 

(Source) VOUT = VCC -0.4V 


lO 
Output Voltage Low VOL VCC = 4.5V and 5.5V, 


VIH = 2.25V, VIL = 0.80V at 200K 
RAD, VIL = 0.30V at 1M RAD, 
IOL = 50nA 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = VCC/2V, VIL = 0.8V at 
200K RAD, VIL = 0.3V at 1M 
.| RAD, 1OH = -50pA 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, +25°C 4.0 V 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- 200K RAD 1M RAD 
LIMIT LIMITS 
| (NOTES 1, 2) : 
PARAMETERS SYMBOL 


pwn |voowaev Sits (| 2 | me | 2 | | 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
\OL/IOH ae -15% of 0 Hour 


. TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOUH 
Interim Test I (Postburn-In) 100%/5004 ICC, IOV/H 


Interim Test II (Postburn-in) 100%/5004 ICC, IOUH 


PD 
Interim Test I (Postburn-In) 100%/5004 ICC, IOU/H 
Final Test 4100%/5004 2, 3, 8A, 8B, 10, 11 Pe el 


Group B Subgroup B-5 Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST ‘ READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V+0.5V VCC =6V+ 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
36,811 | 1,245.7, 9, 10, 12, 13 A OY SAAN A I 


STATIC BURN- IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 1,2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


1, 2, 4, 5, 9, 10, 
12, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
~~. Each pin except VCC and GND will have.a resistor of 1KQ+5% for dynamic burn-in 


TABLE 9. ‘IRRADIATION TEST. CONNECTIONS 


3, 6, 8, 14 a ae 1,2, 4,5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
' Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
DUT TEST 
VIH POINT - 
VIL CL RL 
VOH 
CL = 50pF . 
OUTPUT =~ RL=5000. = 


VOL 


VOH 


80% 80% 


VOL OUTPUT 


PARAM ETER 
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DIE DIMENSIONS: 
2.20 x 2.24(mm) 


METALLIZATION: 
Type: SiAl 


Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 


Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 


<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
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BHarnis § HCS21MS 


Radiation Hardened 


December 1992 Dual 4-Input AND Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(SI) cfr ii 


° Dose Rate Upset >10'° RAD(SI)s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

-|--e Significant Power Reduction Compared to LSTTLICs | = = 

¢ DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Description _ | CDFP3-F14, LEAD FINISH C 
TOP VIEW 

The Harris HCS21MS is a Radiation Hardened Dual Input 
AND Gate. A high on all inputs forces the output to a High 


Al 
state. | iB 
The HCS21MS utilizes advanced CMOS/SOS technology to NC 
achieve high-speed operation. This device is a member of C1 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


Dt 
The HCS21MS is supplied in a 14 lead Weld Seal Ceramic Y1 | 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line GND 
Package (D suffix). 


Truth Table | Functional Diagram 
INPUTS | OUTPUTS (1, 9) | 
; Sy: An 


(2, 10) . _ 
| (6, 8) 
Bn Y 


(4, 12) 
Cn 


we (5, 13) 
NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care . D 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 30 52 
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Absolute Maximum Ratings Reliability Information 

SUDDIV VOIlAQG faiscee wee tee ee esas eee ces eae -0.5V to+7.0V Thermallmpedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC........... 2. cece 75°CIW 16°C 

DC Input Current, Any One Input.............. cece ee ees +10mA Weld Seal Flat Pack............... 64°C 12°C/W 
DC Drain Current, Any One Output. ............. cece eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) « SOF Tae *S5°C 104100 osies cao o ees Saas vena cana 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)...............6-- +265°C 

Junction Temperature (TU)... 6. ccc cece eee eee +175°C 

ESD -ClassiliCalion ec vscd stp asew scenes can ee eee we Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUpply VOMAGO 2s oss sie cies wie Ser o'e oles was wanes +4.5V to +5.5V Input Low Voltage (VIL)................06. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH).................. 70% of VCC of VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C ee 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP . LIMITS iP. 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE | MAX | 


es 

Cs ce 
ce 
| 23 | 4+125°C, -55°C 4.0 
aT : 


Quiescent Current ICC VCC = 5.5V, 

VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) . 


VOUT = 0.4V, VIL = OV 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 


> 

Lee] 
_~ 
Oo 


+125°C, -55°C -4.0 


+25°C, +125°C, -55°C a 


VIL =0V 
VCC = 4.5V, VIH = 3.15V, 


Output Voltage Low 


IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


1,2, +25°C, +125°C, -55°C 


Output Voltage High +25°C, +125°C, -55°C + | VCC 


VCC = 5.5V, VIH = 3.85V, 


IOH = -50pA, VIL = 1.65V 


© 
at, 


1,2,3 | +25°C,+125°C, 55°C | VCC. 
GND 
+125°C, -55°C 


VOL 
VOH 
FN VCC = 4.5V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 
NOTE: 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


input Leakage 
Current: 


Noise Immunity 
Functional Test 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP . LIMITS 
: (NOTES 1, 2) A SUB- a | 
PARAMETER SYMBOL. _ CONDITIONS GROUPS TEMPERATURE ami | 


mA so cr gece ee Ae 
aise <= Cc ae ae a ae 

Pen [vows iP an | ese ef 
NOTES: | ace 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | 3 TEMPERATURE 


Capacitance Power | CPD VCC =5.0V, f = 1MHz +25°C 

ano ee 
Input Capacitance CIN VCC = Open, f = 1MHz +25°C 
Time TTLH : 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics.. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


a (NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS _. ERATURE 


Quiescent Current. VCC = 5.5V, VIN = VCC or GND 
| = = 
V 


C 
Output Current (Sink) OL VCC = 4.5V, VIN = VCC or GND, +25°C 
| VOUT = 0.4V | 
Output Current 1OH +25°C 
(Source) 1 
OL . 
OH 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


Output Voltage Low 


2 
VCC = 4.5V and 5.5V, 425°C 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOL = 50pA 


Vv VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 3 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


jvoc=sav.vnavooweno{ ae | |= f-| =] m_ 


Output Voltage High 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


Input to Y TPHL | vCC=4.5V 
TPLH |VvCC=4.5V 
NOTES: : 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
~ PARAMETER SUBGROUP DELTA LIMIT 


a Ee 
IOL/IOH In ed -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) | ICC, IOUH 

Interim Test I (Postburn-In) ICC, IOV 
Interim Test II (Postburn-In) ICC, IjOL/H 
Interim Test II (Postburn-In) ICC, |OV/H 


0 
> 


> 


Grain A 
Group B 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 

[swoainee | semewsms [nme 
a SN 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD . 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS » 


| OSCILLATOR 
GROUND 1/2 VCC =3V+0.5V | VCC =6V+0.5V a 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1254, 8, 759,10; 12, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 7 1,2, 4,5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


7 14 1, 2, 4, 5, 9, 10, 
12, 13 
NOTES: 


---—1.-Each-pin except-VCC and GND will have a resistor of 10KQ + 5% for static burn-in, 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 6, 8, 11 1,2, 4,5, 9, 10, 12, 13, 14 


AC Timing Diagrams AC Load Circuit 


DUT TEST 


VIH POINT 


VIL 


VOH 
. CL = 50pF 
OUTPUT RL = 5000 


VOL 


VOH . 


80%: 80% 


VOL OUTPUT | 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 
Type: AIsil 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: | 
100m x 100m 
4x4mils 


Metallization Mask Layout 
HCS21MS 


Al vcc 1 
~ (1) (14) (13) 
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HARRIS 


SEMICONDUCTOR 


it HCTS21MS 


Radiation Hardened 


December 1992 Dual 4-Input AND Gate 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE. 
* Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 aa ela LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4. SV to S. SV 


" e LSTTL Input Compatibility 
+ VIL = 0.8V Max 
-. VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 14 PIN CERAMIC FLAT PACK 
The Harris HCTS21MS is‘a Radiation. Hardened Dual Input |” MeO eSS eee TOP VIEW Ba a 


AND Gate. A high on all inputs forces the output toa nigh 


State. = 
AL 


The HCTS21MS utilizes savanced CMOS/SOS technology BY 
to achieve high-speed operation. This device is a member of: = i 
radiation hardened, high-speed, CMOS/SOS Logic Family. | 

C1. 
The HCTS21MS is ‘supplied ina 14 lead Weld Seal Ceramic pt 
flatpack (K suffix) ora Weld Peal Ceramic Dual-In-Line e 


Package (D us 


 @ND. 


Truth Table  —= |. _| Functional Diagram 


, INPUTS outputs |] 


NOTE: L = Logic Level Low, H = Logic level High, X = Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge: Users should follow proper I.C. Handling Procedures. File Number 3053 
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Absolute Maximum Ratings Reliability Information 

SuUppIY VOUAGG ii oe pwd Chae oe eee -0.5V to+7.0V Thermal Impedance ................ Oia 85 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ........ cece eee 75°CIW 16°C/W 
DC Input Current, Any One Input....................00005 +10mA Weld Seal Flat Pack............... 64°C/W 12°CW 
DC Drain Current, Any One Output...................0008 +25mA Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) For Ts. =-55°Cto +100°C nn iasie owe tin ee ease seaede st IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ..........00ce eee hip toa. ue dee +175°C 

ESD Glassuicalion wise y oh. Gas enced eeaesahere sere Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC)... 0... cece cc cee ee eee +4.5V to+5.5V = Input Low Voltage (VIL)........... cece eee ee eee . 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... 100ns/V Max. = Input High Voltage (VIH).......... eee eee eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 
Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or et 
Current GND 
| | 23 | +128, 55°C | 05 | 45.0 | HA 
Noise Immunity VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50A, VIL = 0.8V 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
| (NOTES 1, 2) : 
PARAMETER SYMBOL _ CONDITIONS ‘ TEMPERATURE 
input to Output TPH | voc=45v 


| 9 

iC Ec 
P1011 

NOTES: | | 


+125°C, -55°C 
1. All voltages referenced to deviceGND. __ 7 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 

Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 
Input Capacitance CIN _| VCC =Open, f = 1MHz 25°C 

- +125°C 
Output Transition TTHL VCC = 4.5V 425°C 
Time | TTLH 

| +125°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD | 
LIMITS LIMITS 
PARAMETERS SYMBOL 


MIN 
es 
ie 

= 
(Source) 
iN 


(NOTES 1, 2) TEMP- 
CONDITIONS ERATURE 


VCC = 5.5V, VIN = VCC or GND 


Output Voltage Low 


-4.0 
Output Voltage High | 


Input Leakage Current +5 


Noise Immunity 
Functional Test 


VCC = 4.5V and 5.5V, +25°C 
IOL = 50nA 
VCC =4.5Vand55V, . | +25°C VCC 
VIH = VCC/2, VIL = 0.8V at 200K 0.1 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


VCC = 4.5V, VIN = VCC or GND +25°C — 

VOUT = 0.4V | 

VIH = VCC/2, VIL = 0.8V at 200K 

VCC = 5.5V, VIN = VCC or GND | 5 | 


VCC = 4.5V, VIN = VCC or GND, 
RAD, VIL = 0.3V at 1M RAD, 
VCC = 4.5V, VIH = 2.25V, 


ps b 
=) ° 
Be Re 
oO 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
TEMP. LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


pomin | max [Min | MAX 
Tren [vocwaey Cit ws fe | Pe | 
NOTES: pO | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH FB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Oc 


O 
oO 
oO 
_I 


- NOTE: : 


1. Alternate Group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD 


PRERAD | POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONDITIONS. 


| OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V 05 Le —_ 


STATIC BURN-IN | TEST CONDITIONS 


13 


STATIC BURN-IN II TEST CONNECTIONS 


Tieei 8s 9; 10e 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS - 


1,2,4, 5,9, 10, 
12, 13 


NOTE: 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL =500Q — 


VOL 


VOH --------------------. 


80% 80% 


VOL OUTPUT 
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HCTS21MS 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


_ METALLIZATION: 


Type: SiAl 
Metal Thickness: 11kA + 1kA 


~ GLASSIVATION: 
Type: SiO», 
Thickness: 13kA + 2.6kA 


_ DIE ATTACH: 
Material: Silver Epoxy 


~ WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE:. . 
100m x 100m 
4 mils x 4 mils 
Metallization Mask Layout 
HCTS21MS 


Cc D2 
(1) (14) (13) 


el 


eeu | 
% TO Re 
o=- 
oat 


6 CON 
UI iadadaee 


On 
‘ ' ae _/ 


Le 


© 
0) 
Oo 
a 


i 
if 


e 
| t 
{ ‘| ! 
i 


?. 
= 
—— 


a Tt Ae Pea TC | ET | 


Sam, | aa = 
io—ewe| ee 


(10) B2 


(ure He? oc ete 
ole 
oes 
H t etce 
AHI eles 
oF Wee —— 
ai 
R i] 
| U 
i} YJ 
atte 
OT 
O —_ 
« 
7? 
oe 
yt 
4 1) 
iu 
waite 
v U a 
i J 
i 
waa 
IG 


THIN of: Talaiaiahs 


(6) (7) (8) 
1 GND Y2 
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prueanrs  HCS27MS 


Radiation Hardened 


December 1992 | _ Triple 3-Input NOR Gate 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS -14 PIN CERAMIC DUAL-IN-LINE | 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


TOP VIEW 


* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ 

_ @ ;Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to.+125°C 
~Significant- Power Reduction Compared toLSTTLICs [| = = = = r= 
¢ DC Operating Voltage Range: 4.5V to 5.5V 
Input Logic Levels | 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


_ ¢@ Input Current Levels li < 5uA at VOL, VOH 


1 
e 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
he | TOP VIEW 
The Harris HCS27MS is a Radiation Hardened Triple 3-Input 


NOR Gate. A low on all inputs forces the output to a High 


vcc 
state. | | . C1 
_ The HCS27MS utilizes advanced CMOS/SOS technology to Y1 
achieve high-speed operation. This device is a member of C3 
‘radiation hardened, high-speed, CMOS/SOS Logic Family. Ba 
The HCS27MS is supplied in a 14 lead ‘Weld Seal Ceramic A3 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Y3 
Package (D suffix). 
Truth Table — : Functional Diagram 
(1, 3, 9) 
An 
(2, 4, (12, 6, 8) 
Bn Yn 
(13, 5, 11) 
Cn 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3054 


Copyright © Harris C tion 1992 
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Absolute Maximum Ratings 


Supply Vollage o.o6 42 sucdse os sedes ka sw eee ne’ -0.5V to +7.0V 
Input Voltage Range, :All Inputs ee ee -0.5V to VCC +0.5V 
DC Input Current, Any One Input................ 0. eee eee +10mA 
DC Drain Current, Any One Output.............. ee +25mA 


(All Voltage Reference to the VSS Terminal) 


Reliability Information 
Thermal Impedance ..............6- 6.4 8. 
Weld Seal DIC................... 


Power Dissipation per Package (PD) 
For T= "59-6 104 100°C cous oc as neeloee were bee ew -.. IW 


Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 1i8mW/°C 
Lead Temperature (Soldering 10sec)...............65. +265°C 
Junction Temperature (TJ) ............ nee puted wilt totes ore +175°C 
ESD ClaSsiliCalion.chen' owned nae Meee cane Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent. 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 


SUDDIY: VO Age ss siege carck u hs eee knee ease +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL).......... cece eee 0.0V to 30% to VCC 
Input High Voltage (VIH)............0. 000s 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS ~ 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL |- 
Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL=0V_ 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
OL = 50pA; VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50/A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


VCC = 5.5V, 
VIN = VCC or GND 


as bes 
aoe 
ee 
Eat 
bed 
Nad ete 
<= 


TEMPERATURE 


+125°C, -55°C 


+125°C, -55°C on 

+125°C, -55°C al i 
+25°C, +125°C, -55°C ae 
+25°C, +125°C, -55°C 


VCC 


125°C, +125°C, -55°C 


© 
oh 


2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP . 
A SUB- 
GROUPS 


7 LIMITS... 


os (NOTES 1,2) 
PARAMETER | SYMBOL. CONDITIONS 
| +25°C 


: mn | 
Input to Yn — TPHL | VCC =4.5V_ i ae 
Input to Yn TPLH | VCC=4.5V =a 425°C zz 


NOTES: . 


‘1. All voltages referenced to device GND. » = 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 7 

- TEMPERATURE | MAX | UNITS | 
VCC = 5.0V, f= MHz +25°C Typical 16 
VCC = Open, f = 1MHz 

NOTE: 


+125°C Typical 18 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . 


4 +125°C 
+25°C 


+125°C 


Output Transition 
Time 


a | TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
7 1M RAD LIMITS 


_ . (NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS | ERATURE 
| 


Output Current (Sink) OL |VCC=4.5V, VIN=VCCorGND, | +25°C 

| VOUT = 0.4V - a 
Output Current +25°C 
(Source) 


VCC = 4.5V, VIN = VCC or GND, 
Output Voltage-Low 


200K RAD LIMITS 


4.0 — 


VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), : 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VOH | VCC =4.5V and 5.5V, | 425°° «| vec 
| VIH =0.70(VCC), © | 
VIL = 0.30(VCC) at 200K RAD, 


Output Voltage High 


VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


| IN VCC =5.5V, VIN=VCC orGND | +25°C 


4 
io) 
_ 


Input Leakage Current +5 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
(Note 3) 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS ERATURE 
FN 
VIL = 0.12(VCC) at 1M RAD 
TPLH | VCC =4.5V 
NOTES: . 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH 7 aa -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, |OL/H 
Interim Test I (Postburn-In) ICC, IOV/H 
Interim Test Il (Postbum-in) ICC, |OL/H 
Interim Test II (Postburn-in) . ICC, IOL/H 
Grip A Nae 
[Bee ——iSirptns [aren ceo 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD — 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


0 
oO 
> 


oe 
O 
> 


TABLE 7. TOTAL DOSE IRRADIATION - 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS. 


| OSCILLATOR 
GROUND 12VCC =3V+0.5V | VCC =6V+0.5V ae ee 


STATIC BURN-IN | TEST CONDITIONS (Note rr 


1,2, 3, 4, 5, 7,9, 10, 11, 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


6, 8, 12 1,2, 3, 4, 5, 9, 10, 
11, 13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


1, 2, 3, 4, 5, 9, 
10, 11, 13 
NOTES: 


_ 1,-Each pin except VCC and GND will have a resistor of 10KQ: + 5% for static burn-ing = 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


a VCC = SV + 0.5V 
[a Tae ee a 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 


DUT TEST 


VIH POINT 


VIL 


VOH 


OUTPUT . 
VOL | . 


VOH 
80% 80% 


VOL - OUTPUT 
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Die Characteristics | 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: | 
Type: SiO, | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100pm x 100m 
4x4mils 


Metallization Mask Layout 


HCS27MS 
Al vcc C1 
(1) (14) (13) 


Rit OPED 


(12) Y1 


intupabonbhe 
6 LOD 
aU aaideiae 


mien. a 


El ey i: 
em 


o 
Oo 
Oo 
a 


(11) C3 


—— 
® 

| 

Hy 


ACL 


ESAT 
TBM OLAL 7 


il 


cig 


Wit 
iy 


SEP EEL 


EMIT 
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MHARRIS #=§= HCTS27MS 


Radiation Hardened 


December 1992 | Triple 3-Input NOR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE . 

- s Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 eae LEAD FINISH C 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


e Latch-Up Free Under Any Conditions vcc 
e Military Temperature Range: -55°C to +125°C 13] C1 
e Significant Power Reduction Compared to LSTTL ICs 2} Y4 
¢ DC Operating Voltage Range: 4.5Vto5.5V = # | = 8 MAY CF synods seats cette 
~ ¢ LSTTL Input Compatibility ho] Bs. 
- VIL =0.8V Max ore 


- VIH=VCC/2 Min 


PIAS) 
e Input Current Levels li < 5A at VOL, VOH 


Description 
. 14 PIN CERAMIC FLAT PACK 
The Harris HCTS27MS is a Radiation Hardened Triple 3- MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
Input NOR Gate. A’ Low on.all inputs forces the output to a TOP VIEW 
High state. : 7 


vcc 
C1 
Y1 
C3 
B3 
A3 
Y3 


The HCTS27MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS27MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
_ Package (D suffix). : 


Truth Table 


INPUTS ~ OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3055 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage ........ 0. cece ee eee eee ohuaee -0.5V to +7.0V. Thermal Impedance ................ Gia G;, 

Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............006. 75°CWW 16°C/W 
DC Input Current, Any One Input.......... 0... cee eee eee +10mA Weld Seal Flat Pack....... iaspuatetacamade 64°C/W 12°C/W 
DC Drain Current, Any One Output.................. eee +25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) — POF TT, S-99°C to 4100C ss oiiiuaneierekt peewee aes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C 3 =—>s For Ta = +100°C to +125°C......... Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)...........2c0000- +265°C 

Junction Temperature (TJ) .... 0... cece ee cect e eee eee +175°C 

ESD Classification: .s.c4 sa disse tasswaws ota et iaeaven Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings" may be applied to devices (one ata time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 

Operating Conditions | | 

Supply Voltage (VCC)... .... cee ee eee eee +4.5V to+5.5V = Input Low Voltage (VIL). .......... cee eee eee 0.0V to 0.8V 


Input Rise and Fall Times at 4.5V VCC (tr, tf)....... 100ns/V Max. Input High Voltage (VIH)........... ce eee ee eee VCC/2 to VCC 
Operating Temperature-Range (Ta) ...........- -55°C to +125°C | : 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL TEMPERATURE aro 


+125°C, -55°C 
Output Current 
(Sink) 


ee ce 

+125°C,-55°C | 4.0 | 
Output Current | 4.8 | 
(Source) VOUT = VCC -0.4V, 


[ws | 
‘| om an 
Loe ed 
bel = te 
eed ee Bi 
i! a ae ee 
oy as | [ao 
ee ceeaneie ioe 

IOL = 50pA, VIL = 0.8V 
t= a RaW. 
ae 


GROUP 
A SUB- 
GROUPS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 


Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 
+25°C, +125°C, -55°C 
-0.1 


VCC = 4.5V, VIH = 2.25V, 


IOH = -50p/A, VIL = 0.8V 
+125°C, -55°C 


Output Voltage High 


Input as 
Current 

Noise Immunity 
Functional Test 


1. All nace reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO <0.5V is recognized asa todic 0", 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50y/A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 

VCC = 4.5V, VIH = 2.25V, 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
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| : | Output Voltage High 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL. 


GROUP 
A SUB- 
GROUPS 


‘LuMiTS | 


(NOTES 1, 2) 


CONDITIONS TEMPERATURE 


+2 
7 10, 11 +125°C, -55°C 


NOTES: . 
1. Alt voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS | wores | rewenavune GRR 

Capacitance Power CPD VCC = 5.0V, f = 1MHz P14 | nsec | Typical23 [pF 
lone Sell slesriiaal oss see er ace 
es 

a 


Tim TTLH 
oR | +125°C, -55°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are-guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4.:DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
. . LIMIT LIMITS 
(NOTES 1, 2) TEMP- 2 
| PARAMETERS SYMBOL | CONDITIONS . ERATURE 
Quiescent Current VCC = 5.5V, VIN = VCC or GND 
Output Current (Sink) IOL - | VCC =4.5V, VIN = VCC. or GND, +25°C — 
VOUT = 0.4V 
Output Current 1IOH VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) i | 
Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
‘| RAD, VIL = 0.3V at 1M RAD, 
-| (OL = 50nA 
PIN VCC = 5.5V, VIN = VCC or GND 
FN VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


VOUT = VCC -0.4V © 

VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOH = -50pnA 


Input Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 
| = LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Can [wa | wn | wax 
Pwen [vocwaev——SSC«dteawesf (| me | | 
NOTES: | 


1. All voltages referenced to device GND. 
' 2. -AC-measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


[Leet eee eee (Eee 
IOU/IOH a 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) ICC, IOL/H 
Interim Test II (Postbum-in) ICC, 1OL/H 
Interim Test HI (Postbum-in) ICC, IOVH 
Final Test 100%/5004 
Group A ote 
2 


NOTE: : 
1. Alternate Group A inspection in-accordance with Method 5005 of MIL-STD-883 may be exercised. 


o 
Oo 
Oo 
= 


I 
Oo 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


| pear TEST READ AND RECORD | 
GROUPS PRE RAD POST RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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- . TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


— - OSCILLATOR | 
GROUND 1/2 VCC = 3V +0.5V VCC = 6V + 0.5V oe ee | 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


[6812 7 1-8:7.9,10,10 13 A SNL! SSCS SORA 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


EEE 56,8 111,45 18 5 Rea RM a 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 


DUT TEST 


VIH POINT 


VIL 


VOH 


OUTPUT | RL = 5002 
VOL | - 7 | 


VOH - 
80% 


- 80% 
OUTPUT 


VOL 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 
Metallization Mask Layout 
HCTS27MS 


B1 (2) i= ae i 
=e BEE bo Ss ae haan careers! 
| = af 
n} 1 f i me ' 
A2 (3) if 
: 
ee : 
y Ua UE 4 
B2 (4) 
C2 (5) 


. = “3 
(oie Mt t)y 


. J 
= 
es 
=. 


nae 
H 
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(12) Y1 
(11) C3 
(10) B3 
A hth Hl optit Hat 
q CIM alee 
A: nanan ao 
Viprucsrgemashi: 
(9) A3 


o 
o) 
Oo 
a 
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HARRIS § HCTS30MS 


Radiation Hardened 


December 1992 8-Input NAND Gate 
Features Pinouts 
- e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(SI) 
° Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
e Military Temperature Range: -55°C to +125°C 
ie Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


~e LSTTL Input Compatibility = 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 
14 PIN CERAMIC FLAT PACK 
' The Harris HCTS30MS is a Radiation Hardened 8-Input MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 

NAND Gate. A high on all input forces the output to a low | | TOP VIEW 
state. | ne | : 
The HCTS30MS utilizes advanced CMOS/SOS technology A 
to achieve high-speed operation. This device is a member of B 
radiation hardened, high-speed, CMOS/SOS Logic Family. ec 
The HCTS30MS is supplied in a 14 lead Weld Seal Ceramic oD 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line E 
Package (D suffix). F 

~ GND 


Truth Table 


OUTPUTS 


“i 


jo 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3056 
Copyright © Harris Corporation 1992 7-196 
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Absolute Maximum Ratings | | Reliability Information 

Supply Voltage (VCC)... 2... ce eee eee eee ee -0.5V to+7.0V Thermallmpedance ................ Oia Gi, 
Input Voltage Range, Alllnputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ........0 0c cece 75°CWW 16°C/W 
DC Input Current, Any One Input.................20 eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output. .......... cece eee eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr TaS=55 C10 F100 Ci ccuviikes econ can eines ieee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)................6- +265°C 

Junction Temperature (TJ) .... 2... cece cece eee eens +175°C 

ESD Classification ....... 0c. ec ccc ecw cere eens ..... Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Vollage wisew sve athe dye enh aw ee ew eas +4.5V to +5.5V —— Input Low Voltage (VIL)... 6... ee ce ee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (tr, tf)........ 100ns/V Max = Input High Voltage (VIH)........... 0c ce eee eee VCC/2 to VCC 
Operating Temperature Range (T,)............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current | 1cC | voC=60v, i a 
Output Current JOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 


: 
VOUT = 0.4V, VIL = OV +125°C, -55°C 40 
Output Current IOH 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


| 23 | 
ee een! 
| as | 
ee 
voL | VCC =4.5V, VIH=2.25V, joe ee 
IOL = 50nA, VIL = 0.8V | | 
| 23 


2,3 +125°C, -55°C -4.0 


Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C vCCc 


IOL = 50pA, VIL = 0.8V 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC 


IOH = -50pA, VIL = 0.8V 


+5 


2,3 
1 
2,3 
1 
1,2,3 
Input Leakage VCC = 5.5V, VIN = VCC or Eth 4 
Current GND 
; 2,3 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 
Functional Test VIL = 0.8V (Note 2) 


+125°C, -55°C 
NOTES: 


+25°C, +125°C, -55°C 
1. All voltages reference to device GND. 


2. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


oS] 6 s 
nee oo. roe) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
| (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE UNITS 


ae ied 
Tian [sees [2 
PE bebe te 
| 1011 2 
NOTES: 
1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


~ UMITS | 


_TEMPERATURE 


Capacitance Power CPD VCC = 5.0V, f = 1MHz a ae 
woes pr foie fe 
Input Capacitance CIN VCC = Open, f = 1MHz a a ee 
a |S ee oe 
Let 
ae 


— 
= 

og: 0 
saec—e Det 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


eran RAD 1M RAD 
eran LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MAX, 


Output Current (Sink) lOL VCC = 4.5V, VIN = VCC or GND, 
VOUT =0.4V 

Output Current 

(Source) 


Output Voltage Low VOL 


VCC = 4.5V and 5.5V, 
VIH = 2.75V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = S0pA 


VOH VCC = 4.5V and 5.5V, 


VIH = 2.75V, VIL = 0.8V at 200K 


Output Voltage High 


RAD, VIL = 0.3V at 1M RAD, 
1OH = -50pA 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


7-198 


Specifications HCTS30MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. 200K RAD 1M RAD 
LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 


| Min | Max [Min | MAX | 
Pan [voczav | ase 2 [os [2 
NOTES: | | | 


5 
37.5 
1. All voltages referenced to device GND. 
2. AC measurements assume AL =.500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


(NOTES 1, 2) 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) | 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


CY 
OUV/IOH [Lee oA 15% ofOHour 


TABLE 6. APPLICABLE SUBGROUPS 


a 
Group B 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 
we os ae es een 
Tsanpaisns | yaa rane. evan 


1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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CONFORMANCE TEST eel READ AND RECORD > | 
GROUPS METHOD PRE RAD - POSTRAD {|  PRERAD. POST RAD 


LOGIC 


Se ee Heaene HCTS30MS 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


~ QSCILLATOR 
GROUND 4/2VCC =3V+0.5V | VCC =6V+0.5V a 


STATIC BURN-IN — CONNECTIONS (Note 1) 


8.91013 | 1-6.6,7, 14,12 SAS PO RCN RAR 


STATIC BURN-IN I! TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTE: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS . 


OPEN | GROUND voc = 5V0.5V 
sete 1, 2,8, 4, 5,6, 11, 12, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams - | AC Load Circuit 
DUT 


TEST 


VIH POINT 


VIL 


VOH 
md : CL = 50pF 
OUTPUT — or : | RL = 5000 


VOL 


VOH --------------------- | Jana oe ares 
80% 80% 


VOL OUTPUT 


. AC VOLTAGE LEVELS 


PARAMETER HCTS | UNITS » 
vec 450 


=e 
a 
Cs 
a 
a 
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Die Characteristics — 


DIE DIMENSIONS: 
87 x 88 mils 


METALLIZATION: . 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS30MS 


ar: 
Q:: 
= 
sz, 
x" 
rT" 
t=. 
mate 
T= 
=: 


= * 


ey, ns 
ori}: vi. 
2 

t 


4 
f 
f 
t 


en gee yit 


es Lf 

\ — 
= if 

i] 


PitwF Rs: 


(10) NC 


CUAL Rt Tg 
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Radiation Hardened 


December 1992 Quad 2-Input OR Gate 
Features Pinouts 
-@ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 
(Typ) 
Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
_Significant Power Reduction Compared toLSTTLICs }| --. -- —-.: 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5uA at VOL, VOH 


MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW . 


14 PIN CERAMIC FLAT PACK 


Description | : | MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
“The Harris HCS32MS is a Radiation Hardened Quad 2-Input 
OR Gate. A low on both inputs forces the output toa High ees 
state. a 
The HCS32MS utilizes advanced CMOS/SOS technology to AG 
achieve high-speed operation. This device is a member of. ya 
radiation hardened, high-speed, CMOS/SOS Logic Family. i 
The HCS32MS is supplied in a 14 lead Weld Seal Ceramic A3 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line ea 
Package (D suffix). 
Truth Table | Functional Diagram 
(1, 4, 9, 12) 
Yn 
(3, 6, 8, 11) 


(2,5, 10,13) 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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Specifications HCS32MS 


Absolute Maximum Ratings 


SMDPIY VOUAGG «4. 7 six ores se haer wa bee ewe oe nee aes +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input...................00000. +10mA 
DC Drain Current, Any One Output........... 2... cee eee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............-.. +265°C 
Junction Temperature (TJ)... 0... cece ec eee eens +175°C 
ESD ‘Classification. <s4.<sc ¢-444- 54 sass bariew we onan ee Se Class 1 


Reliability Information 


Thermal Impedance ................ Bia 0. 
Weld Seal DIC................... 75°CIW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For Tq = 55°C 1p 2100 onset sit diwvedtves es ieens 1W 


For Ta = +100°C to +125°C Derate Linearly at 18mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extanded periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

SUpDIY VONAGE no oe imo we Cea coves hae eek +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


Input Low Voltage (VIL)..............0 eens 0.0V to 30% of VCC 
Input High Voltage (VIH) sb tee ced ant Streeeres 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 
Output Current - 
(Sink) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = 0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = SOMA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


Output Voltage Low 


Output Voltage High 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


VCC = 5.5V, 
VIN = VCC or GND 


UNITS 


yA 


} LIMITS 
TEMPERATURE ars 


— 
ce 
are 


+125°C, -55°C 


mA 
mA 
mA 
mA 

425°C, +125°C, -55°C [4 


+25°C, +125°C, -55°C | VCC 
-0.1 

+25°C, +125°C, -55°C 
-0.1 


yA 
PBA 
| ma | 
p mA | 
ne 
| A 


+0.5 yA 
+5.0 pA 


2. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 
Data to Output TPHL 


ae we 
<n 
eo | ae 


VCC = 4.5V 
+125°C, -55°C 
NOTES: | a bee 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


GROUP 
A SUB- 
GROUPS 


TEMPERATURE min | t 
eee 
eee 

2 | 
| 2 | 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V. - 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 7 E 
Input Capacitance - VCC = Open, f=1MHz _ 

Output Transition TTHL VCC = 4.5V 

Time TTLH es 


NOTE: | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL | CONDITIONS — - ERATURE 


Output Current (Sink) | {!OL | VCC=4.5V,VIN=VCCorGND, | +25°C 
| | VOUT = 0.4V - 
Output Current VCC = 4.5V, VIN= VCC orGND, | +25°C 
(Source) o. VOUT=VCC -0.4V0 : 
Output Voltage Low VOL ..| VCC = 4.5V and 5.5V, | - 
| | | VIH = 0.70(VCC), | - 2 
VIL = 0.30(VCC) at 200K RAD, : 
, VIL = 0.12(VCC) at 1M RAD, : 
IOL = 50pA 
Output Voltage High VOH | VCC =4.5V and 5.5V, 425°C VCC ov 
1 VIH = 0.70(VCC), eo on ee tO. 
| VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50ynA 
Input Leakage Current IN VCC = 5.5V, VIN = VCC or GND | | 88 | 
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Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test 
(Note 3) | 
| 2 | 20 | 
1. All voltages referenced to device GND. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
FN 
VIL = 0.30(VCC) at 200K RAD, 
Data to Output TPHL | VCC =4.5V 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


200K RAD LIMIT 
| (NOTES 1,2) TEMP- 
PARAMETERS SYMBOL ; CONDITIONS ERATURE 
VIL = 0.12(VCC) at 1M RAD 
TPLH | VCC=4.5V _ 
NOTES: . 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


CE a 
IOUIOH a aa Se -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS ~ 


0 


a ee 
[eee S*dC ares eRe IO 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD ; 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 a ae Table 4 (Note 1) 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


| ss OSCILLATOR si 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


1, 2, 4, 5, 7, 9, 10, 12, 
13 


STATIC BURN-IN I] TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


7 1, 2, 4, 5, 9, 10, 
| 12, 13 


NOTES: 


2. Each pin except vec and GND will have ¢ a : resistor of 1KQ: + 5% for aynainie burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS. 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH . POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH 


80% 80% 


VOL OUTPUT 


7-206 


Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA ae 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100”um 
4x 4mils 


HCS32MS 


Metallization Mask Layout 


BOA PB a 
iy Wl 
cs = 


i 


iii INT ANE 
ITH BHHEBUE 


HCS32MS 


Cc 
(1) (14) (13) 


el 
Ze 


= = S— 
ne 4 | e 
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Radiation Hardened 


December 1992 Quad 2-Input OR Gate 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 


e Total Dose 200K- or 1 Mega-RAD(Si) 

* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 
_ © Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


-~e LSTTL Input Compatibility ~~ 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5uA @ VOL, VOH 


MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C - 
TOP VIEW . 


Description 14 PIN CERAMIC FLAT PACK 

The Harris HCTS32MS is a Radiation Hardened Quad- 2- -MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 
Input OR Gate. A Low on all inputs forces the output to a TOP VIEW 
Low state. | 
The HCTS32MS utilizes advanced CMOS/SOS technology ms 
to achieve high-speed operation. This device is a member of B4 
radiation hardened, high-speed, CMOS/SOS Logic Family. A4 
The HCTS32MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line ee 
Package (D suffix). | A3 

, Y3 


Truth Table : Functional Diagram 


OUTPUTS | 
An 
ee es 


INPUTS 


ee 
CC 
| 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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(3, 6, 8, 11) 


File Number 2248.1 


Specifications HCTS32MS 


Absolute Maximum Ratings 


Supply Voltage (VCC).................- Raeatcacs -0.5 to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................. 0. eee +10mA 
DC Drain Current, Any One Output..................00 00s +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............0005. +265°C 
Junction Temperature (TJ)... .. 0... cece cece eee eee +175°C 
ESD CIASSIICOOIN 1 ssicte-asese's 4.6 Sukew Sow eared Peale aeele® Class 1 


Reliability Information 


Thermal Impedance ................ Gia 8; 


Weld Seal DIC... 2... ee ee eee 75°C/W 16°C/W 

Weld Seal Flat Pack....... Sahewuakois 64°C/W 12°C/W 
Power Dissipation per Package (PD) 

FOr Ta = "55 C10 4100 Conk as ea ioe dare awe oo news 1W 

For Ty, = +100°C to +125°C........ Derate Linearly at 13mW/C ~ 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only..Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... ... cee eee eee +4.5V to +5.5V 
Input Rise and Fall Times at VCC.= 4.5V (TR, TF) ... 100ns/V Max 


Operating Temperature Range (T,) ............ -55°C to +125°C © 


Input Low Voltage (VIL). ..... eee ee ee eee ee ee eee 0.0V to 0.8V 
Input High Voltage (VIH)............ 0 eee eee eee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
~ CONDITIONS 


SYMBOL 


PARAMETERS 


VCC = 5.5V, 
VIN = VCC or GND 


Quiescent Current 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 
(Note 3) 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV (Note 3) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage Low 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50n/A, VIL = 0.8V 


Output Voltage High 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


. 
S 
. 


NOTES: 
1. All voltages reference to device GND. 


GROUP p LIMITS 
A SUB- 
GROUPS TEMPERATURE racam ENTS | 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


+125°C, -55°C 


+25°C, +125°C, -55°C 


-4.0 


425°C, +125°C, -55°C 


425°C, +125°C, -55°C 


425°C, +125°C, -55°C 
4+125°C, -55°C 


VCC 


VCC 


ro) = 
— _ 


2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


3. Force/Measure functions may be interchanged. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


es —. (NOTES 1, 2) | 
PARAMETER SYMBOL | . CONDITIONS. TEMPERATURE | 
. 10, 11 125°C -55°C 


10, 11 -  +125°C, -55°C . 
NOTES: ie | 


1. All voltages referenced to device GND. . . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


-PARAMETER SYMBOL CONDITIONS 


‘|. | Capacitance Power “CPD ‘VCC = 5.0V, f = 1MHz 
Dissipation — . | 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL | VCC =4.5V | 
Time TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
LIMITS 
| (NOTES 1, 2) | 
PARAMETERS SYMBOL CONDITIONS 


| ICG VCC =5.5V, VIN=VCCorGND | +25°C 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 


Output Current 1OH VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 

VIH = 2.25V, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


Output Voltage Low 


RAD, VIL = 0.3V at 1M RAD, 
IOH = -50HA 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


ICC 
IOL 
Output Voltage High VOH VCC = 4.5V and 5.5V, 
VIH = 2.25V, VIL = 0.8V at 200K 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
LI IM 
; TEMP- MITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Tw [wa [a [wa 
Tren [rooms Cis fe fp Pe 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) | 


GROUP B 
PARAMETER SUBGROUP ~ DELTA LIMIT 


IOV/IOH -15% of 0 Hour 


- TABLE 6. APPLICABLE SUBGROUPS 


a 
a 
[comateet _——*dt Semmens | aa r.enc6 a0 
ee 
[senpicoos [uaa Tenenaron | 


1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION . 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 ae Table 4 (Note 1) 


NOTE: | 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


_ 1,2, 4,5, 7,9, 10, 
12,13 © 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1,2, 4, 5, 9, 10, 12, 
13, 14. 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) ~ 


1,2, 4,5, 9, 10, 12, 
13 


NOTES: 
_ 1. Each pin except VCC and GND will have a resistor-of 10kQ + 5% for static burn-in - See = 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


| TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing 
Group E, Subgroup 2, sample size is 4 dice/water 0 failures. 


AC Timing Diagram and Load Circuit 


TEST 


DUT 
VIH POINT | 
VIL cL 
VOH a, CP 
, * ae CL = 50pF 
OUTPUT RL = 5000 = 


80% 80% 
AC VOLTAGE LEVELS 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.2mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: . 

Type: SiO. 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4x4mils 


Metallization Mask Layout 
HCTS32MS 


DE DADEENEDEREDS 
ala 
| Nt) 


TU ETOT Ea 


NM 
~ 
ah 
RO 
— 
Pp 
& 


l oe 6 ie r ; ‘ 
PUM) lieoaesd UIT AT 
= ° t , 
ma gt 


Pde tN Tey ait A ES 
stadt. & b16., 


CROLL cra 


LOGIC 


ty | a 

; | 
ae: ey 
adil: = LYS 
ho a 
Bete 


it 
‘i 
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mrarns HCS74MS 


Radiation Hardened Dual-D 


December 1992 Flip-Flop with Set and Reset 
Features Pinouts 7 
e¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH Cc 


- Total Dose 200K or 1 Mega-RAD(Si) 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day 
(Typ) 

¢ Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

__¢ Significant Power Reduction Compared to LSTTLICs-|----- 

DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


¢ Input Current Levels li < 5uA at VOL, VOH 


TOP VIEW 


Sas } 14 PIN CERAMIC FLAT PACK 
Descr Iption MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 


TOP VIEW 
The Harris HCS74MS is a Radiation Hardened positive edge 
triggered flip-flop with set and reset. 


The HCS74MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS74MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). a : 


Truth Table — 


INPUTS OUTPUTS 


| ser_| Reser | cr | ee 
Cee ee ee a ae 
ee ee ee ee 
ee ee a pA fe 
ee BA Bae 
re ee TE: 


NOTE: L =Logic Level Low, H = Logic Level High, X = Don’t Care 
-/ = Transition from Low to High Level 
QO = The level of Q before the indicated input conditions were 
established. 
* This configuration is non-stable, that is, it will not persist when set | 3(11) 
and reset inputs return to their inactive (High) level. ar 


CL CL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2142.1 
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Specifications HCS74MS - 


Absolute Maximum Ratings 
Supply Voltage 


Reliability Information 


Thermal Impedance 


cece eee c cece ees eecscececeece+ -O.5V to +7.0V Thermal lmpedance ................ _ 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.......... cece eeeee 75°CW 16°C/W 
DC Input Current, Any One Input................ ee cee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................0 08. +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tae "55°C 10 4100°C acs cdan vel wsecewkyeeehisars 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec)...............6.. +265°C 

Junction Temperature (TJ) ........ 0. ccc cece cee ee cece +175°C 

ESD Classification 4 ccc4 cea bad Se Vara ewree setae eae es Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This.is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage... ...... 2c eee ee eee oe nevaes +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max 
Operating Temperature Range (Ta) ....-...-... -55°C to +125°C 


0.0V to 30% of VCC 
70% of VCC to VCC 


Input Low Voltage (VIL)..............2.008- 
Input High Voltage (VIH) 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = SOpA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH. = 3.15V, 
IOH = -SOpA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


Noise Immunity 
Functional Test. 


NOTES: 
1. All voltages reference to device GND. 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and 


GROUP 
A SUB- 
GROUPS 


1 20 WA 
a se | 
=a 


+125°C, -55°C 


+125°C, -55°C 


+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+125°C, -55°C 
+25°C, +125°C, -55°C 


TEMPERATURE 


LOGIC 


7, 8A, 8B 


VO < 0.5V is recognized as a logic “0”. _ 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS © 


- | GROUP 
(NOTES 1, 2) A SUB- 
-PARAMETER | SYMBOL | —— CONDITIONS GROUPS 


| | +125°C, -55°C 


|) TPLH | vcc =4.5v 

3 
TPLH | VCC =4.5V ; 2 

: 


27 
7 


*  +425°C, -55°C 


24 


‘NOTES: | 
1. All voltages referenced to device GND. | 
- 2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 35 


Output Transition | TTHL | VCC=4.5V | 
eace 


Max Operating FMAX | VCC =4.5V 
Frequency | ag +125°C 


LIMITS | 


NOTES 


= 


22 
30 


12 
14 - 
14 


1 


=, 
—_h 


Data to CP Set-up Tsu. | vec =4.5v | 
Hold Time TH VCC = 4.5V : | 
inca Gall 
Removal Time TREM | VCC =4.5V 
Pulse Width CP TW VCC = 4.5V __ 
lnewtanslllt iat ean 
NOTE: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


Pulse Width R, S Tw | vec =4.5V { 
+125°C | 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE .CHARACTERISTICS 


200K RAD | oe RAD 
a “LIMITS Lee | 
PARAMETERS SYMBOL | ERATURE ee ec tee UNITS 


com 0.4 
Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 

VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 

(Source) VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 


= 


‘ 
bs 


Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOL = 50nA 


aa 


-} Output Voltage High VCC 


2 


J 
oo 


VOH VCC = 4.5V and 5.5V, +25°C vcc 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
JOH =-50pA 
Input Leakage Current lIN VCC = 5.5V, VIN = VCC or GND 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), +25°C 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
TPHL VCC = 4.5V 
TPLH | VCC =4.5V 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q; CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


© 
o) 
Oo 
a 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


pes 
IOL/IOH -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[__conronwance enours [| _weTioo |  GROUPASUBGROUPS | _READANDRECORD 
[Terres erebumy =i omens «(ONO 
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oe. TABLE 6. APPLICABLE SUBGROUPS (Continued) . 


a 
a 
a oe oo ee ee RT 
aE 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


Subgroups 1, 2, 3, 9, 10, 11. 


TABLE 7. TOTAL DOSE IRRADIATION 


Me Ee ee —, So & whe : R D 
CONFORMANCE EAD AND RECORD 


GROUPS METHOD | PRE RAD POSTRAD | PRE RAD POST RAD 


NOTE: _ - — 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


: | OSCILLATOR 
vavec=3v+0sv| vec=6v+05v |  S50kKHz |  25kHz | 


STATIC BURN-IN | TEST CONDITIONS (Note 1) . 


Ca LE ee eee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


5,6, 8,9 7 _ 4,2,3, 4, 10, 14, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and AC Load Circuit 


DUT TEST 
VIH POINT 
vs 
VIL 
TPLH 
al lca aa | eer: 9 (aca | CL = 50pF 
OUTPUT RL = 5000 = 
VOL 
AT eee ee TTLH —> TTHL AC VOLTAGE LEVELS 


80% 


80% 


VOL OUTPUT 


DUT TEST 
INPUT POINT 
VIH | 
CL RL rS) 
VIL 0) 
Oo 
—! 
CP INPUT CL = 50pF 
RL = 5000 = 
VIL 
TH = Hold Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 


TSU = Setup Time 
TW = Pulse Width 


PARAMETER ONS 
4.50 V 


a oe 
fe 
a 
me 
a 
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Die Characteristics 


_ DIE DIMENSIONS: 


89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA_ 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: eH 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0x 10°A/cm? . | 


Se aie BA) SUP ie 2 see conde ecenn eccentric eleectne Mi sce ceclia ue Adi oeec heehee 
100um x 100um - . 
4x4mils 


Metallization Mask Layout 
| | _ HCS74MS 


CP1 (3) (13) R2 


6 HITE 


7 
“ ys : 


NC | (12) D2 


4:3 ¢ BE (A 
SSS Ee : {HUSH (Lib 
Faeaaemninnny:- |) / for) || eee bh eee ees eee eee Shed IU) | LEBUEEE 
PH ct Wa et Oh 5p ee Is af eG Athlleuk =, (= 

fi aaa 2 —— she ox yr -» ‘fi = A Ses 


$1 (4) 


—— 


~NC | © 


Lu 


Q1 (5) 


‘ 


=== 8 


l 


(11) CP2 


a 


A leper Fa 
Ww forum 
: : Nero 7 


SS 


er ere os 


bh E 
a 


sj s a = : = <= fats fo} we, i - ree 
ea = ae ie | ae aR: (10) 52 
j/ z= | ' aera ; 
ry 3: =n — i = ' = 
pets 
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tat TF 


Q1 (6) 
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oe HCTS74MS 


Radiation Hardened Dual-D 


tt 


December 1992 | Flip-Flop with Set and Reset 
Features | Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE CDIP2-T14, LEAD FINISH C 
a TOP VIEW 


¢ Total Dose 200K or 1 Mega-RAD(SI) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10°9 Errors/Bit Day 

e Latch-Up Free Under Any Conditions — 

¢ Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e¢ LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels Ii < 5uA at VOL, VOH 


14 PIN CERAMIC FLAT PACK | 
MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 


Description ee 
The Harris HCTS74MS is a Radiation Hardened positive ra on 

edge triggered flip-flop with set and reset. D1 

The HCTS74MS utilizes advanced CMOS/SOS technology CP1 

to achieve high-speed operation. This device is a member of ST 

radiation hardened, high-speed, CMOS/SOS Logic Family. i 

The HCTS74MS is supplied in a 14 lead Weld Seal Ceramic OT 


flatpack-(K suffix) or a Weld Seal Ceramic Dual-In-Line 


GND 
Package (D suffix). | 


Oo 
o) 
O 
a 


Truth Table 
OUTPUTS 


| 
= 


NOTE: L = Logic Level Low, H = Logic Level High, X = Don’t Care 
_/ = Transition from Low to High Level 
QO = The level of Q before the indicated input conditions were 
established. 
* This configuration is non-stable, that is, it will not persist when set 
and reset inputs return to their inactive (High) level. 


CL CL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 21 43.1 
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Absolute Maximum Ratings | 


Specifications HCTS74MS 


Reliability Information 


Supply Voltage (VCC)... .... cece eee eee eee -0.5V to+7.0V Thermal Impedance ................ Gia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ....... 20. ee eee 75°CW 16°C/W 
DC Input Current, Any One Input...... Wah eae wou teeruenacd +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

- -DC Drain Current, Any One Output....... eer ree ae +25mA Power Dissipation per Package (PD) 
(All Voltage Reference to the VSS Terminal) For T= "55°C to+100'C stein eet een ad swuneorau'ek: 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 138mW/°C 
Lead Temperature (Soldering 10sec)..............008- +265°C 
Junction Temperature (TJ) .... 0. cece eee e eee eee +175°C 
ESD Classification ..... 0... cc cece cece cect ct teenens Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. : 


Operating Conditions 


Supply Voltage (VCC). .............6- Lng +4.5V to +5.5V — Input Low Voltage (VIL)... 2.2... . cee eee ee ee eee ee 0.0V to 0.8V 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C ~— Input High Voltage (VIH)...............00- ane VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. 100ns/V Max. . Sas 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTE 1) 


LIMITS — 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | win | MAX UNITS 
VIN = VCC or GND Pee | 


Output Current 1 


(Sink) +125°C, -55°C 


+125°C, -55°C 


ed 
aed Lae 
ice Eee 
ae Ee 
id ail 
Nail nil 
id 
ee Pea 

Bs 


VCC = 4.5V, VIH = 4.5V, 


VOUT = 0.4V, VIL = OV 


Output Current 
(Source) | 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 


Output Voltage Low 


Output Voltage High 425°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


Input Leakage 
Current 


1,2,3 
NOTES: | 


7, 8A,8B | +25°C, +125°C, -55°C 
1. All voltages reference to device GND. — | 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
3. Force/Measure functions may be interchanged. | 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE Pomin | max. | UNITS 


pe on es 
Sra Eo 

+125°C,-55°C | 2 | 

aed 

Lee 

eee 


a cis mes one 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Typical 35 
Dissipation 


LIMITS 


UNITS 
pF 


pF 


+125°C Typical 35 


Input Capacitance CIN VCC = Open, f = 1MHz 1 
onl : 
Output Transition TTHL | VCC =4.5V = 
a 


no} 
nl 


1 


rm 
als 
on 


Max Operating FMAX | VCC =4.5V | 1 MHz 
Frequency { +125°C 1 MHz 


~  4425°C 


Data to CP Set-up TSU 
Time — 

Hold Time TH VCC = 4.5V 

ae Tal anne 
Removal Time TREM | VCC =4.5V 1 

Ee cal 
Pulse Width R, S TW VCC = 4.5V 1 

aie 


Pulse Width CP TW VCC = 4.5V 14 


+125°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE-CHARACTERISTICS 


200K RAD IMRAD- | 
| LIMITS LIMITS 
-SYMBOL UNITS 


Quiescent Current . Eee | VCC = 5.5V, VIN = VCC or GND 


ICC = 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, 425°C 4.0 
| VOUT = 0.4V ps 
VOL 


TEMP- — 


(NOTES 1, 2) an 
ERATURE 


CONDITIONS 


-. PARAMETERS 


Output Current 1OH VCC = 4.5V, VIN = VCC or GND, 
(Source) 


VOUT = VCC -0.4V 
Output Voltage Low VCC = 4.5V and 5.5V, | 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 


IOL = 501A 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 0. 
oe PRAD,VIL=O0:3VatIMRAD, [> 


| IOH = -50pA . 
Input Leakage Current | IN | VCC = 5.5V, VIN = VCC or GND. 
Noise ‘Immunity 


VCC = 4:5V, VIH = 2.25V, . 425°C 
Functional Test 


aes 
VIL = 0.8V at 200K RAD,: 4 
<2 

= 

<a 
a 

= 


Output Voltage High 


VIL = 0.3V at 1M RAD (Note 3) - 


a 

af | 31 
Ec 0 
Rea | vem _[voowav «deo 


TPLH VCC = 4.5V 


NOTES: — | 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| | | GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 
lIOL/IOH | ee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


a 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD ~ 


Final Test 
Group A (Note 1) 


Group B 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


ee cacumiee TEST READ AND RECORD 
GROUPS METHOD PRERAD | POST RAD PRE RAD ~ POST RAD 
Group E Subgroup 2 5005 Table 4 - Table 4 (Note) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS 


SEES a (Pee | aCn 


STATIC BURN-IN Il TEST CONNECTIONS 


DYNAMIC BURN-IN TEST CONNECTIONS 


NOTES: 
~ 1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


LOGIC 


TABLE 9. IRRADIATION TEST CONNECTIONS 


5,6, 8,9 1,2, 3, 4, 10, 14, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 
wit : 
VIL 


VOH -- 


OUTPUT 
VOL 


VOH --------------------: 


80% 80% 


VOL OUTPUT 


VIL 


TSU - 


INPUT CP 
VIH seecccesoce 


VIL 


TH = HOLD TIME 
TSU = SETUP TIME 
TW = PULSE WIDTH 
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ae ae 
Ce oe a ae 
ee ee ee 
he a ae A 


~ DUT “TEST 
POINT 
CL 
— CL=50pF 
~ RL = 5000 f-* — 
AC VOLTAGE LEVELS 


* VOLTAGE LEVELS ie 


HCTS74MS 


Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS74MS 


CP1 (3) 


(13) R2 


Suis 


PATHE dp - f icon. = : Re 
Pe. le ———— > 


NC 


i 


Alec 
LOGIC 


fe 


(12)D2 


TMT ATS 


Medes 


JE 


St (4) 


lee NC 
Win 


Q1 (5) (11) CP2 

AL 
Se , 71> eee | oe TR A et 
Raa — 2 NUNU) coun Ca y ee i & “ . di aie ; 


Tee ey 


Pp 


= = 


(10) S2 
Qt (6) 


WE 


i] 


a 


th 
a 


fc 


ot 
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Features 

e 3 Micron Radiation Hardened SOS CMOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

Military Temperature Range ........ -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 


| --e DC Operating Voltage Range ...........4.5V to 5.5V | 


¢ LSTTL Input Compatibility 

- VIL=0.8V Max 

- VIH = VCC/2 Min 

Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS75MS is a Radiation Hardened dual 2-bit 
bistable transparent latch. Each of the two latches are con- 
trolled by a separate enable input (E) which are active low. E 
low latches the output state. - | 


The HCTS75MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS75MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


_HCTS75MS 


Radiation Hardened 
Dual 2-Bit Bistable Transparent Latch 


Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


1 Q0 
1Q7 
1 Q1 

1E 

GND 
2 a0 
2 a0 
2Q1 


aon onr @©NnN = 


Truth Table 


TPUTS 


OU 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Specifications HCTS75MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). 2... cece eee eee ee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input...................ce cae +10mA 
DC Drain Current, Any One Output..................0 006. +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ)... 6... cee ee ee ee eee +175°C 
ESD Classificatlon ccs. 046 ce siete oe i'n oa 85 eee we oe Class 1 


Reliability Information 
Thermal Impedance ...............6. Gia 6; 


Weld Seal DIC........... 0. eee 75°CW 16°C/W 

Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) . . 

For 1, =50 C10 4100°C: oc sccseavireetwss Anew et yes 1W 

For Ta = +100°C to +125°C........ Derate Linearly at 13mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics" are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC). ........... 0. eee ee eee +4.5V to +5.5V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 
Operating Temperature Range (Ta) ...........-. -55°C to +125°C 


Input Low Voltage (VIL). ........ cece ee wee eee eee 0.0V to 0.8V 
Input High Voltage (VIH)....... cc eee ee eee eee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS CONDITIONS 


SYMBOL 


VCC = 5.5V, 
VIN = VCC or GND 


Quiescent Current 


VCC = VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Sink) 


| 
Output Current | VCC = VIH = 4.5V, VOUT = 
(Source) VCC - 0.4V, VIL = OV 
V VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOL = 50nA 
VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOL = 50pA 


Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, 
VIL = 0.8V, IOH = -50nA 


Output Voltage High 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V, IOH = -50nA 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage 
Current 


CC 
OL 
OH 
OL 
OH 
FN 


Noise Immunity 
Functional Test 


NOTES: : 
1. All voltages referenced to device GND. 


GROUP 
A SUB- 
GROUPS 


[23 | sasoseo | a0 


1,2,3 +25°C, +125°C, 
55°C 


2,3 

2,3 

1,2,3 

1,2,3 
VCC = 4.5V, VIH = 2.25V, | 7,8A,8B 
VIL = 0.8V (Note 2) 


LIMITS 


TEMPERATURE 


UNITS 


+25°C 


> 
fo) 
oO 


+125°C, -55°C 


+25°C 


3 


+125°C, -55°C 4.0 


= 


3 
> 


425°C, +125°C, 
55°C 


+25°C, +125°C, 
55°C 


+25°C, +125°C, VCC -0.1 
55°C 


+25°C 


+125°C, -55°C 


+25°C, +125°C, - 
55°C 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


PARAMETER | SYMBOL TEMPERATURE 


Propagation Delay TPLH 
DtoQ 
2 
+ 


LIMITS - 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 3.0V, 
VIL = OV | 


27 


wae 
ee 
= 

eo 


[ee 
TPHL | VCC =4.5V, VIH =3.0V, a ae 
ee eee 
TPLH | VCC =4.5V, VIH = 3.0V, a ae ae 
pe a a eee 


TPHL | veo =48V, N= av 
VIL = 0V 
° 10, 11 +125°C, -55°C 


pe] 
Ea 
Le 
| 10,41 2 

lay VCC = 4.5V, VIH=3.0V, = ee 
a a ee ee 

| 1041 | 2 | 

bees 

ee 

Le 

peas 


Propagation Delay 
DtoQ 


Propagation De 
—-E-to Q—.-—---- 


Propagation Delay 
EtoQ 


TPHL | VCC =4.5V, VIH =3.0V, 42 
om pew 
TPLH | VCC =4.5V, VIH =3.0V, a a 
pm een erp 
= 4.5V, see 


TPHL | VCC =4.5V, VIH=3.0V, 
IES OV 10, 11 +125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. Measurements made with RL = 500, CL = 50pF, Input TR = TF = 3ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


res | rewenrune [ar [we 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
rt 
Input Capacitance CIN VCC = Open, f = 1MHz a ee ee 
ee 
VIL = 0.0V Poe 
Setup Time TSU | VCC =4.5V, VIH=4.5V, a a 
penn eee Ee 
Hold Time TH | VCC =4.5V, VIH=4.5V, a ee ee 
ee |” eee ae 
Pe 
NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


+125°C 
Output Transition TTHL, VCC = 4.5V, VIH=4.5V, | +25°C 
Time TTLH VIL = 0.0V 

+125°C 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) TEMPER- | 200K RAD LIMITS | RAD LIMITS 1MEG RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ATURE 


Supply Current VCC = 5.5V, +25°C 
VIN = VCC or GND 
+25°C 


Output Current (Sink) VCC = VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 

Output Current VCC = VIH = 4.5V, +25°C 
VOUT = VCC - 0.4V, 


VOL |VCC=5.5V, +25°C 
VIH = 2.75V, - 
VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD 
IOL = 50pA 
| VCC = 4.5V, +25°C 
VIH = 2.25V, 
VIL = 0.8V at 200k RAD, 
1 0.3V at 1M RAD, 
IOL = 50pA 
VOH | VCC=5.5V, | 425°C | VCC-0.1 
VIH = 2.75V, 
VIL = 0.8Vat 200k RAD, 
0.3V at 1M RAD, 
: IOH = -50ynA 


ra 
VCC = 4.5V, VCC -0.1 VCC -0.1 
VIH = 2.25V, 
VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD 7 


UNITS 


Output Voltage Low 


— 
($3) 


Output Voltage High VCC -0.1 


+ 
a 


Input Leakage LIN VCC =5.5V, VIN = VCC +25°C 
Current or GND 


Noise Immunity FN Tvoc = 4.5V, | +25°C 
Functional Test = 2.25V, 
VIL = 0.8V at 200k RAD, 
0.3V at 1M RAD (Note 3) 
TPHL VCC = 4.5V, +25°C 
VIH = 3.0V, VIL = OV 
TPLH VCC = 4.5V, +25°C 
VIH = 3.0V, VIL = OV 
y° TPHL VCC = 4.5V, +25°C 
. VIH = 3.0V, VIL = 0V 


LOGIC 


Propagation Delay TBD 


DtoQ 


Propagation Delay 
DtoQ 


TPLH | VCC=4.5V, +25°C 
VIH = 3.0V, VIL = OV 

- TPHL | VCC =4.5V, +25°C 
VIH = 3.0V, VIL = OV 

TPLH | VCC=4.5V, +25°C 
VIH = 3.0V, VIL = OV 

TPHL | VCC=4.55V, 425°C 
VIH = 3.0V, VIL = O0V > 

TPLH | VCC=4.5V, +25°C 
VIH = 3.0V, VIL = OV 

NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, ‘Gea TR=TF= 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4. Ovi is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Propagation Delay 
EtoQ ? 


Propagation Delay 
EtoQ 
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TABLE 5. BURN-IN AND OPERATING LIFE DELTA PARAMETERS (+25°C) 


7 = GROUP B : 
|” PARAMETER ~——s| SUBGROUP | _—DELTALIMIT 
(ere i ee 
| IOLIOH | Le ea oe -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS _ ; 


[conronwance enours | _weriop | GROUP ASUBGROUPS | READ AND RECORD _| 
a 
[interim Tosrar Posturi | “roonssooe [1.7.0 —~+deooun 
{. Pcs seen Ny 0, Dolless ee ee 
a A 

Group B | 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 
Toop amptios [en 08.0 | 


NOTE: 


TABLE 7. TOTAL:DOSE IRRADIATION 


1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
[Grpesiucn2 | sos | sre | ‘aes | 10 | Tatloaqunn | 
NOTE: 

1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN. TEST CONNECTIONS 


OSCILLATOR 
‘OPEN GROUND . 1/2 VCC = 8V + 0.5V VCC =6V+0.5V 


.| STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
1,8,9,10,11,14,15,46] 23,467,119 [PP 
STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


p89, 10,1, 14, 15,48] 
NOTES: — 


-1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1,8, 9, 10, 11, 14,.15, 16 | 2,3, 4, 5,6, 7,13 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


VIH 
DUT TEST 
vss 50pF 5002 
VOH 
OUTPUT = 
VOL 
Transition Timing Diagram 
VOLTAGE LEVELS 

Woltaveesel22cc82 ef Wee ee! We Le PARAMETER HCTS UNITS 

ete 
VOL Eee a ee 

eM a 


Pulse Width, Setup, Hold Timing Diagram and Load Circuit 


D INPUT DUT TEST 
VIH 
. ~ 5SOpF 5002 


VOLTAGE LEVELS ° 


PARAMETER 
SW ee Wid 
TW = Pulse Width : 


INPUT CP 
0 ye 


VIL 


TH =Hold Time 
TSU = Setup Time 
TW = Pulse Width 
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Die Characteristics 
DIE DIMENSIONS: 


89x88mils - 
2.25 x 2.24mm 


METALLIZATION: | 
Type: SiAl oo | 
Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
- <2.0 x 10°A/cem? 3 


_-BOND.PAD SIZE: =... 221-0 Sees ig eet cs spn gree merit ne 


100um x 100um © 
4x4mils 


Metallization Mask Layout © 
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fo tae HCTS8&5MS 


Radiation Hardened 


December 1992 4-Bit Magnitude Comparator 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS | 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 

¢ Total Dose 200K or 1 Mega-RAD (Si) TOP VIEW 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse | 
° Cosmic Ray Upset Rate < 2 x 10°? Errors/Bit Day B3 [1 Hee 

Latch-Up Free Under Any Conditions (AsBIN 12) a1 AS 
e - 

e y (A=B)IN [3 44] B2 

¢ Fanout (Over Temperature Range) (A>B)In [a ha] A2 

- Standard Outputs............... 10 LSTTL Loads (acayout [aI hal At 
e Military Temperature Range........ -55°C to +125°C (A=B)ouT [6 Bi 
e Significant Power Reduction Compared to LSTTL ICs (A>B)OUT 10} AO 
° DC Operating Voltage Range ........... 4.5V to 5.5V GND [8 9] Bo 
e LSTTL Input Compatibility 

- VIL =0.8V Max 


- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 
16 PIN CERAMIC FLAT PACK 


MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 


Description TOP VIEW 
The Harris HCTS85MS is a Radiation Hardened 4-bit high 

speed magnitude comparator. This device compares two B3 7 
binary, BCD, or other monotonic codes and presents the (A<B)IN 

three possible magnitude results at the outputs (A>B, A<B, (A=B)IN 


LOGIC 


and A=B). The 4-bit input words are weighted (AO to A3 and (A>B)IN 
BO to B3), where A3 and B3 are the most significant bits. 


aon oa &® Ww DN — 


A<B)OUT 
The HCTS85MS is expandable without external gating, both pais 
(A=B)OUT 
serial and parallel operation. ae 
The HCTS85MS utilizes advanced CMOS/SOS technology ore 
j : eae GND 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 
The HCTS85MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3059 
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[43,83 | A2,B2 | A181 | Ao,B0| A>B | AcB | A-B | AB | Ace | ASB 


BO 

BO 

“1 A3=B3 Ai=B1 
BO 

BO 

BO 


HCTS85MS 


| Truth Table 


COMPARING INPUTS CASCADING INPUTS OUTPUTS 


A3>B3 X 


a a 
we | x_| 
A2 


X 
X 
X 


A3=B3 x 

A3=B3 | A2= 

A3=B3 | A2=B2 
A3=B3 AO>BO 


A2=B2 | A1>B1 


[reese [x 
[ase [ABT 


es 
| AD>BO 


Ook 
cL 


NOTE: L =Logic Level Low, H = Logic Level High, x = Immaterial 


L 


X 
= X 


Functional Block Diagram 


Ba ¢ | ool > BL DD; k=» 
5 Ny PO" 2 +, CL 
A3 >. > a3 = tJ 3 
8 a oe 


Y, 
VV 
V 
Vv, 


B 
1, 
VV 


Single Device 
OR 


Series Cascading 


Parallel Cascading 
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m ee ee 
mR z -™ 
Bo . 
BO BO ; 
10 A0 
AO Ao : 
10 — 
D LL 
ar 
—p 
(A<B) © : At 
IN B1 |} aes 
A3 
ee a 
A2 
2 —L_} > | 


7-236 


(A<B) 
OUT 


(A=B) 
OUT 


(A>B) 
OUT 


Specifications HCTS85MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). 1.0... cc cee eee eee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............. 0. cece eee eee +10mA 
DC Drain Current, Any One Output............... ccc e eee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............0.- +265°C 
Junction Temperature (TU)... . 0... cece ecw eet eee +175°C 
ESD Classilicatlon ic.:6 is skies nea lers aed oo eye aie Rosen Class 1 


Reliability Information 
Thermal Impedance ................ 


Weld Seal DIC.........2seeeceeee 75°C 16°C/W 

Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) | 

For T= -55°C to 100°C sic cikcce cee saseceiaseves ... IW 

For Ta = +100°C to +125°C........ Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... . eee ee eee eee eee +4.5V to +5.5V 


Operating Temperature Range (Ta) ..... Suleeees -55°C to +125°C 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .... 500ns Max. 


Input Low Voltage (VIL).......sseesececeeeeeeees 0.0V to 0.8V 
Input High Voltage (VIH)......... 2c cee eee eee ... 2.0V to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


IOL 
Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL = OV 


VOL VCC = 4.5V, VIH = 2.25V, 
lOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


IOL = 50pA, VIL = 0.8V 


VOH VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


FN VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages referenced to device GND. 


GROUP LIMITS 
A SUB- 
GROUPS TEMPERATURE Somn | max | UNITS 


ane a ae 
ee 


ae ae 
eet 
Eee 
Rg 425°C, +125°C, -55°C 
ae 
238 | 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND > 


+125°C, -55°C 

are.86 [40 

[wo 
at be 


60a 


A 


BB 


m 


8 


m 

m 

m 
+25°C, +125°C, -55°C 


V 


+25°C, +125°C, -55°C VCC 
: -0.1 

+25°C, +125°C, -55°C 
-0.1 


eas 
[vc a0[ so | 


V 
V 
V 


1,2,3 
1,2,3 
1,2,3 
1:2.3 
23 


+1 + 

io 
-felel Ld et et pf 
SOcEEEREE 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


gore | ASI | uenerne [mae aur | we 
An to (A>B)OUT TPHL, | VCC=4.5V — {9 [sec | 2 | 
eal cee 
Bn to (A>B)OUT TPHL, | VCC =4.5V a a eee 
0 ee Se 
An, Bnto(A<B)OUT | TPHL, | VCC =4.5V | 9 | 425°C Prue 7 
ee ne Ca 
An, Bnto(A=B)OUT | TPHL, | VCC =4.5V i ae ee 


eee 
a 
pet) 
xa 
ag 
An, Bn to (A>B)OUT cE (ce 
fe 
ee] 
ioe 
ae 
ze 
| 28 


(A>B)IN to TPHL, | VCC =4.5V a ee ee 
a cc ae cc ee 

(A=B)IN to } TPHL, | VCC=4.5V | i ee eae es 

(A<B)IN to TPHL, | vCC=4.5V | 9 | ec Tk 
fae |e ete 
NOTES: | 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TPHL, | VCC =4.5V ie ste | 
_f_. aS P B faut .P "39 Re rem ee ees Ee ae op 03. te oe 
ee 10, 11 +125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Capacitance Power P VCC = 5.0V, f = 1MHz 
Dissipation , 
| 


oPD 
| Paste 
Input Capacitance CIN VCC = Open, f = 1MHz a ae Se 
So eee Ket 
c ian 
ee 


Output Transition - TTH VCC = 4.5V 
Time . TTL | 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 - 200K RAD 1M RAD 

NSD ‘LIMITS LIMITS 

PARAMETERS SYMBOL | . CONDITIONS » | MAX | U 
VCC = 5.5V, VIN = VCC or GND ) 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V . 


Output Current (Sink) 


Output Current IOH VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


ICC 
Output Voltage Low VOL VCC = 4.5V and 5.5V, VIH = VCC/ 
. 2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
| IOL = S0pA 
FN 


Output Voltage High VCC = 4.5V and 5.5V, VIH = VCC/ 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
1OH = -50pA 


VCC = 5.5V, VIN = VCC or GND 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 
Anto(A>B)OUT . TPHL VCC = 4.5V | 
| aa TPLH 
Bn to (A>B)OUT TPHL, | VCC =4.5V ee 
TPLH 
An, Bn to (A<B)OUT TPHL, VCC = 4.5V 
TPLH 
An, Bn to (A=B)OUT TPHL, VCC = 4.5V +2 
TPLH 


Input Leakage Current 


LOGIC 


(A<B)IN to (A<B)OUT TPHL, | VCC =4.5V | 
i 3 TPLH | 
(A>B)IN to(A>B)OUT | TPHL, | VCC =4.5V 
: TPLH 
(A=B)IN to (A=B)OUT | TPHL, | VCC =4.5V 
| TPLH 


NOTES: | 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


‘| GROUP B i ica 
PARAMETER SUBGROUP DELTA LIMIT 
IOLIOH 3 Ps 15% of OHour 
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' TABLE 6. APPLICABLE:SUBGROUPS 


a 
10 


‘| Group A (Note 1) . Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Subgroup B-5 - Sample/5005 | 1,2,3,7, 8A, 8B, 9, 10, 11, Deltas |: Subgroups 4, 2, 3, 9, 10, 11 


vit 


PDA 
:| Final Test 00%/5004 2,3, 8A, 8B, 10, 11 


SOUR a ~~~ ---[--Sample/5005- | ~1,2,3,7,84,8B,9,10,14 fo 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


: . _ READ AND RE . 
CONFORMANCE . bbe ie S Pore 
GROUPS ._ |. METHOD ‘| .PRE RAD ‘POST RAD PRE RAD POST RAD 
_ [Group E Subgroup 2 005 Tea | 1,8 *| Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100%: Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
1/2 VCC = 3V + 0.5V VCC =6V i 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
ae ee ee eee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


eae a eee a ee ee Pa ee 


DYNAMIC BURN-IN TEST CONDITIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have-a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor-of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS _ 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


DUT TEST 
VIH POINT 
seat CL SAL 
VOH 

CL = 50pF 

OUTPUT RL = 5002 = 

VOL 7 
AC VOLTAGE LEVELS 


80% 80% 


Cs 
a 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
100 x 100 mils- 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA +2.6kA 


DIE ATTACH: . 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: . 
<2.0 x 10°A/cm? ~ | 


BOND PAD SIZE:. . 
_. 100um x 100mm 
_ 4mils x 4 mils 


Metallization Mask Layout | 
oe HCTS85MS 
vcc 


" (A<B)IN B3 


(2) 


CAINUCINC IAG | CSCIC EPEC 2k Pee A EEN 


(A=B)IN(3) 


(A>B)IN(4) 


<1 


i 


23 4 ear -) iz Hn{o ° 
=k hl coc co | coe Rn wee eee RE 
i rp = a Z eas : 
Sah ’ E Seed he eaeae es We 
v { et a : 


ic 


(A<B)OUT(5) 


a 
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grmarrs j= HCS8&86MS 


Radiation Hardened 


December 1992 Quad 2-Input Exclusive OR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
| MIL-STD-183S, DESIGNATOR CDIP2-T14, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD(S)) 

* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset immunity < 2 x 109 Errors/Gate Day 
(Typ) 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

¢ Significant Power Reduction Compared to LSTTLICs 

DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


14 PIN CERAMIC FLAT PACK 
Description MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 
The Harris HCS86MS is a Radiation Hardened Quad 2-Input 


Exclusive OR Gate. A high on any one input exclusively will vcc 
change the output to a High state. B4 
The HCS86MS utilizes advanced CMOS/SOS technology to 1 A4 
achieve high-speed operation. This device is a member of Y4 
radiation hardened, high-speed, CMOS/SOS Logic Family B3 re) 
with either TTL or CMOS input compatibility. A3 OS 
Oo 
The HCS86MS is supplied in a 14 lead Weld Seal Ceramic Y3 I 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 
Truth Table Functional Diagram 
INPUTS 
(1, 4, 9, 12) 
An (3, 6, 8, 11) 
—_ jj >——- 
Bn 
(2, 5, 10, 13) 
NOTE: L = Logic Level Low, H = Logic level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3058 
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Specifications HCS86MS 


Absolute Maximum Ratings Reliability Information | 


Supply Voltage «<2 0s ccs dss cseeats wei eee vs -0.5V to+7.0V Thermal Impedance ................ Gia 65. 

Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ....... cee eee 75°C/W 16°C/W 

DC Input Current, Any One Input.............. 00. cece eens +10mA Weld Seal Flat Pack............0.. 64°C/W 12°C/W 

DC Drain Current, Any One Output............ Ae ee eels +25mA___ Power Dissipation per Package (PD) >  : 

(All Voltage Reference to the VSS Terminal) FOr Tp ="55°C tO 100°C. ecies chi aatow tase ee ee eee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 18mW/°C | 
Lead Temperature (Soldering 10sec)............... 2. +265°C 

Junction Temperature (TJ) 2... . 0. cece cee cece ween eens +175°C 

ESD Classification ................. metas Pe ere Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings" may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. ; 


Operating Conditions | 

SUDPIY VOlagG ..6 54 ewes wecies seks eee es weeks +4.5V to+5.5V Input Low Voltage (VIL)............ eer 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)..... 100ns/V Max Input High Voltage (VIH)....... maida ee Gineceare 70% of VCC to VCC 
ali Temperature Range (Ta) ...........-. -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


- GROUP | LIMITS | 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE [mars UNITS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND +125°C, 55°C 

Output Current VCC = 4.5V, VIH = 4.5V, 

(Sink) VOUT = 0.4V, VIL = OV +125°C, -55°C 40 

Output Current VCC = 4.5V, VIH = 4.5V, 


(Source) oe VCC -0.4V, +125°C, -55°C 


Output Voltage Low VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
? IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50p/A, VIL = 1.65V 


Output Voltage High VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOH = -50u/A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or sonnet 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


NOTES: 
1. All voltages reference to device GND. | 
2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 


| LIMITS 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE own | ax | 
10, 11 +125°C, -55°C } 2 | 20 | 


Eee 
4125°C, -55°C dee 


UNITS 


NOTES: 
1. All voltages referenced to device GND. - 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


VCC = 4.5V, VIN=VCC orGND, | +25°C | 
VOUT = 0.4V 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, © 
IOL = 50pnA 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
eos LIMITS LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE | MIN | | MIN | MAX | 
Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
Za 


Functional Test 

Data to Output TPHL |VvCC=4.5V 2 
TPLH |vcC=4.5V 

NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B : 
PARAMETER SUBGROUP DELTA LIMIT 


a 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, IOUH 
Interim Test I (Postburn-In) ICC, IOW/H 
Interim Test 11 (Postburn-In) ICC, IOL/H 
Interim Test II (Postburn-In) ICC, IOV/H 
| 
Group A Nae 


NOTE: 


U U 
O oO 


TABLE 7. TOTAL DOSE IRRADIATION 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 | 49 | Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


| STATIC BURN-IN | TEST CONDITIONS (Note 1) 


| . ° - | ee x : : SE a 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 7 1, 2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


3, 6, 8, 11 1,2, 4, 5,9, 10, 
12, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3,6, 8, 11 1,2, 4,5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 


TEST 
POINT 


DUT 
VIH 


VIL CL 


CL = 50pF 


OUTEUT. 3 RL=5002 =. 


80% 80% 


OUTPUT 
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Die Characteristics — 
DIE DIMENSIONS: — 


87 x 88 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: AlSi 
_ Metal Thickness:-11kA + 1kA 


GLASSIVATION: | 
Type: SiO, 
Thickness: 13kA + 2.6kA . 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: | 
<2.0 x 10°A/cm? 


__BOND PAD SIZE: -—-- -_---- <2 -wn—e wee we rece ce ne ee ett ee 
100um x 100um 
4x4mils 


Metallization Mask Layout 


_ HCS86MS 
Al vec 4 
a (14) (13) 


SO Sh cy A a Sy eS (2) a 


(11) ¥4 


2s 

PAU — 
o— 
oso 


Tm 


ae a ce 


(10) B3 


4 LONE 


MOAN AS SH TA AD 
RUST BA : | 


it SOLER 
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Radiation Hardened 


December 1992 Quad 2-Input Exclusive OR Gate 
Features Pinouts 
e 3 Micron Radiation Hardened: SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse . 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V - 


e LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


TOP VIEW | 


Description ) 14 PIN CERAMIC FLAT PACK 

The Harris HCTS86MS is a Radiation Hardened Quad | — MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
2-Input Exclusive OR Gate. A high on any one input exclu- Tey 

sively will change the output to a High state. 


The HCTS86MS utilizes advanced CMOS/SOS . technology ve 

to achieve high-speed operation. This device is a member of Bt 

radiation hardened, high-speed, CMOS/SOS Logic Family. Aa 

The HCTS86MS is supplied in a 14 lead Weld Seal Ceramic i 6) 

flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line a 6 

Package (D suffix). | A3 o 
Y3 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High 


(1, 4, 9, 12) 


Yn 
(3, 6, 8, 11) 


(2, 5, 10, 13) 


ee A 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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- Absolute Maximum Ratings 


Supply Voltage (VCC). .............-. wadueseees -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. ",-0.5V to VCC 40.5V 
-DC Input Current, Any One Input.............. aekeeitoeh athe +10mA 
.. DC Drain Current, Any One Output............... reais «sna eECONIA 
” (All-Voltage Reference to the VSS Terminal) © 
Storage Temperature Range (TSTG)........... ~65°C to +150°C 
Lead Temperature (Soldering 10sec)..............065- +265°C 
Junction Temperature (TJ) ....... ccc ccc ee eee ee ceee +175°C © 
ESD Classification ................. Pr ree ee Class 1 - 


Reliability Information | - = aa 


Thermal Impedance ...............- a 6; 


a 
Weld Seal DIC...........0.06. seeasit 75°C 16°C/W 
Weld Seal Flat Pack.............:. 64°C/W 12°C/W 
Power Dissipation per Package (PD) , 
For Tg = -59°C 10 F100°C os ci A ee ies ene ee 1W 


For Ta = +100°C to +125°C........Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 
Supply Voltage (VCC). ...... cc eee ce ee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) .....------- -55°C to +125°C 


Input Rise and Fall Times at VCC = 4.5 (TR, TE) ic acs 100ns/V Max 


(NOTE 1) 
CONDITIONS 


. PARAMETERS ‘ SYMBOL |: 
Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
-50pA, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 


IOH = 
VCC = 5.5V, VIH = 2.75V, 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


es 
EX 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B | +25°C, +125°C, -55°C 
VIL = 0.8V uNole 2) 


Input Low Voltage (VIL)........+eee. eee cae. 0.0V to 0.8V 
Input High Voltage (VIH). 1.0... .. cee eee cee wees . VCC/2 to VCC 


“TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
: a uNiTs 


TEMPERATURE 


+125°C, -55°C 


~ 4125°C, -55°C co 

+25°C, +125°C, -55°C Lt 

425°C, +125°C, -55°C ia 
425°C, +125°C, -55°C | VCC 
0.1 

425°C, +125°C, -55°C 
0.1 


86 as 
ai 


+125°C, -55°C 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE _ min | 
10, 11 +125°C, -55°C Eee | 


10, 11 +125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN. | MAX | UNITS 
Capacitance Power CPD | VCC =5.0V, f= 1MHz Typical 24 
Dissipation 
CIN fe 


Leos 
Input Capacitance VCC = Open, f = 1MHz a ee ee 
— See oo 


| 22 | ons 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


200K RAD 1M RAD 
LIMITS LIMITS 
TEMP- 
PARAMETERS SYMBOL 


ERATURE 


oo — 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND +25°C 4.0 
VOUT = 0.4V 
L 
H 


(NOTES 1, 2) 
CONDITIONS 


4. 
4 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low a 0 


0.2 
1 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = 50nA 


O VCC = 4.5V and 5.5V, . 
VIH = VCC/2, VIL = 0.8V at 200K 


vO 
Output Voltage High Vv 


RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, 


Input Leakage Current 


Noise Immunity 
Functional Test 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


cs 
aa 


on 
=Q0 oO 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


PARAMETERS | SYMBOL | CONDITIONS 


Input to Output TPHL |VCC=45V ~ 
: ae TPLH | VCC=45V 
NOTES: 


1. All voltages referenced to device GND. | —— 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. . 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
SUBGROUP | — ----DELTALIMIT” | 


ee 


_|.. .. PARAMETER. -- 


IOL/IOH 


~ «15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


_ CONFORMANCEGROUPS METHOD GROUP ASUBGROUPS | READ AND RECORD 
Initial Test (Preburn-In) — toowso0s =f 47,9 ICC, IOUH j 


100%, 
Interim Test I (Postburn-In) 100%/5004 ICC, IOL/H 

interim Test II (Postburm-in) 100%/5004 ICC, IOVH 

PDA a ee ie |} 100%/5004 | 1,7, 9, Deltas 


Interim Test I (Postburn-In) 100%/5004 ICC, IOL/H 


Final Test “1 100%/5004 2,3, 8A, 8B, 10, 11 
Group A (Note 1) i Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 ee te 


NOTE: i ee ot 45 x 7 
1. Alternate group A testing in accordance with method 5005 of MiL-STD-883 may be excercised. | 


Subgroup B-5 | Sample/5005 | 1,2,3,7,8A,8B,9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


: oF i 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE . TEST | READ AND RECORD 
GROUPS METHOD | PRE RAD POST RAD © PRE RAD -- POSTRAD =. 


NOTE: ; 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V+0.5V VCC = 6V + 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


3, 6, 8, 11 1, 2, 4, 5, 7, 9, 10, 
12, 13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1,2, 4, 5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


3, 6, 8, 11 1,2, 4, 5, 9, 10, 
12, 13 . 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3,6, 8, 11 1,2, 4, 5, 9, 10, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
DUT TEST 
VIH POINT 
K=> 
VIL | CL | RL 
TPLH 
Vat) Ree aaa etme ae (Ee eet eR a eee mee 
CL = 50pF 
Cert RL = 5000 = 


VOL 


VOH --------------------- | |g} | ---- 
80% 80% 


VOL OUTPUT 


PARAMETER | 
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Die Characteristics 


DIE DIMENSIONS: 
87 x 88 mils 
2.20 x 2.24 (mm) 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11 kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


. BOND -PAD-SIZEs------— nn me nn ec rr ee cerns re mein saree a 


100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS86MS 
Al | vec B4 
(1) (14) (13) - 


(12) A4 


rt DN on 
Is = 
= TUE =: Ri::} (11) ¥4 
LM 
=| 
emer Ten 
svainuiyinigiipi di bae 
RT! (10) B3 
Cran To 
(9) A3 
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werarRRISsS j= HCTSI3MS 


Radiation Hardened 


December 1992 _ | 4-Bit Binary Ripple Counter 
Features , Pinouts | 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
1 MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD (Si) . | TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate-2 x 10° Errors/Bit Day . 
e Latch-Up Free Under Any Conditions 


¢ Military Temperature Range........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range :.......... 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL=0.8V Max - 


- VIH = VCC/2 Min 
¢ Input Current Levels li < 5A at VOL, VOH 


Description 

14 PIN CERAMIC FLAT PACK 
The Harris HCTS93MS is a Radiation Hardened 4-bit binary MIL-STD-1835, DESIGNATOR CDFP3-F 14, LEAD FINISH C 
ripple counter consisting of four master-slave flip-flops TOP VIEW 


internally connected to provide a divide-by-two and a divide- 
by-eight section. Each section has a separate clock input. 


The HCTS93MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS93MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


9 
o) 
Oo 
ar 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3060 
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‘Truth Table | Mode Selection Table 


RESET INPUTS OUTPUTS 


‘NOTE: 


H = HIGH Voltage Level 
L = LOW Voltage Level 
QO Connected to CPO 


3 | 


Functional Diagram 
; , 
COUNTER 
+8 
COUNTER 
VCC =5 
GND = 10 
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Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC)... .. cece eee eee -0.5V to +7.0V Thermal Impedance................ Oia 6. 

Input Voltage Range, Alllnputs ............. -0.5V to VCC +0.5V Weld Seal DIC cai ccecgiededcee tes 75°CWW .16°C/W 
DC Input Current, Any One Input. ............ 0... cee eee +10mA Weld Seal Flat Pack............... 64°C 12°C/W 
DC Drain Current, Any One Output............. 0. eee eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta = =55°C to: 100°C onc idea way seu seeea nda 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)................5. +265°C 

Junction Temperature (TJ)... .. 2.2 cece eee ee eee +175°C 

ESD Classilication::: ¢ ics s5 sawks vee tans ened eee ae Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 


under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ... 0... cece eee eee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) ............ -55°C to +125°C 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 


Input Low Voltage (VIL). .......... eee eee eee 0.0V to 0.8V 
Input High Voltage (VIH).......... Fasxits Soe Oath BAe VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Quiescent Current VCC = 5.5V, 

VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


ICC 
IOL 
VOUT = 0.4V, VIL = OV 
Output Current IOH 
(Source) 
FN 
Functional Test 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


Output Voltage High 


Input Leakage 
Current — 


Noise Immunity 


7 


GROUP LIMITS 
(NOTE 1) A SUB- ; 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 


+25°C 
+125°C, -55°C 

+25°C © 
+125°C, -55°C 

+25°C 
+125°C, -55°C. 


4.0 


-4.0 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


fon) S iN > 
= a io co 
© 
ny} ¢ ~ 


+25°C, +125°C, -55°C VCC 


+25°C, +125°C, -55°C VCC 


ees 
ates 
23 
Poa 
oe 
+25°C 
+125°C, -55°C 


7,8A,8B | +25°C, +125°C, -55°C 


1 
2,3 
2,3 
1,2,3 
1,2,3 
1-2, 3 
1,2,3 


VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 1, 2) A SUB- 
CONDITIONS GROUPS 


CPO to QO 


NOTES: 
“1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q,'CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH =.3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


TTLH 


VCC = 4.5V, VIH = 4.5V, 
VIL = 0.0V 


iM Pulse Width CPO TW VCC = 4.5V, VIH = 4.5V, +25°C 
CP1 VIL = 0.0V +125°C 
VCC = 4.5V, VIH = 4.5V, +25°C 
VIL = 0.0V 
Reset Removal TREM VCC = 4.5V, VIH = 4.5V, 
Time VIL = 0.0V 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) TEMP- 
PARAMETERS CONDITIONS ERATURE 


200K RAD 1M RAD 
LIMITS LIMITS 
SYMBOL 


: ne 
Output Current (Sink) VCC = 4.5V, VIN = VCC or GND +25°C 4.0 4.0 
VOUT = 0.4V | 
Output Current 1OH VCC = 4.5V, VIN = VCC or GND, 
(Source) 


ICC 
IOL 
| VOUT = VCC -0.4V 
Output Voltage Low VOL 
VOH 
FN 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL =50pA 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50nA 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


re | 


SN Oe CE 
Tren fvoomeeySSC=*dtC fe 
Tren [voonaey—SSC~=“‘“dt «de | 
Giwcs | tm _[voonaey SCC 
Tren [voowseySCSC~*itC ato «Pe 

ZI 2 


E 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 


6pA 


IOL/IOH | dB -15% of 0 Hour 
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Specifications HCTS93MS 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS 


Initial Test (Preburn-In) 


POA 100% 5004 | 1.7, 9, Deltas oe 
Interim Test 01 (Postburn-in) oS 100%/5004 | as 


[rom SC*d; Coon O| 
[Group awew —————*dtCampsoos | nar excsaior fC 


beet GIOUD Diag eke errr es 


NOTE: — | ie 
1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


~ 4, 2,3, 7, 8A, 8B, 9,10,11 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE 
GROUPS — . |.. METHOD ’ . PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN Test Which will be performed 100% go/no-go 


_ TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | : io OSCILLATOR 
- GROUND —-| 1/2VCC=3V+0.5V VCC = 6V + 0.5V | 50kKHz =| 25kKHz 


STATIC | BURN-IN (Note 1) 


STATIC Ii BURN-IN (Note 1) 


DYNAMIC BURN-IN (Note 2) 


8,9, 11,12 — 


NOTES: See, ee 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND.will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


4, 6,7, 8,9, 11, 12, 13 fF 10 1, 2, 3, 5, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS93MS 


AC Timing Diagrams and Load Circuit 


VIH 


VIL 


VOH ---------------------: 


OUTPUT 
VOL 


VOH --------------------- 


ee ee ee 


80% 80% 


VOL OUTPUT 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5002 = 
AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


Pulse Width, Removal Timing Diagram Negative Edge Trigger and Load Circuit 


INPUT CP 
Vi 


VIL 


INPUT MR 
VIW (22ea22soeet sees es 


VIL 


TREM = Removal Time 
TW = Pulse Width 


DUT TEST 
POINT 
CL = 50pF 
RL = 5009 
AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
VCC 4.5 Vv 
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HCTS93MS 


Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils © 
2.25mm x 2.24mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: . 
<2.0 x 10°A/cm? 


BOND PAD SIZE: — 


100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS93MS 


(13) NC 
MR2 (3) 


reste Cha te 
the wlel le 2 PE 


(12) Qo 


—= ai 
as ej eee i 
— — it = ee 


of- SS) 
CoE) | =e —— 
ne) SOIL) ge SST aS Sa 
fer) =) fe | — 


(11) Q3 


(10) GND 


erncnaanaan 


R GB UU TH TL (Go Ee 


HD 
dh 


Lleedeed 


ih 
a 


VCC (5) 


iit 


it) 
—{ 

+22] 
zy 
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72a 
72s 
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HARRIS = HCS109MS 


Radiation Hardened 


December 1992 en Dual JK Flip Flop 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
‘ Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-183S, aaa ela Nr 4, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Bit Day 
(Typ) 
¢ Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 
¢ Input Logic Levels 
- VIL = 30% of VCC Max | 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5uA at VOL, VOH 16 PIN CERAMIC FLAT PACK 

—_ | MIL-STD-183S, DESIGNATOR CDFP3-F14, LEAD FINISH C 
Description | | TOP MIEN 

The Harris HCS109MS is a Radiation Hardened Dual JK Flip te vcc 

Flop with set and reset. The flip flop changes state with the 2 R2 

positive transition of the clock (CP1 or CP2). 3 J2 

The HCS109MS utilizes advanced CMOS/SOS technology 4 K2 

to achieve high-speed operation. This device is a member of 5 cp2 

radiation hardened, high-speed, CMOS/SOS Logic Family. 6 So re) 
The HCS109MS is supplied in a 16 lead Weld Seal Ceramic 7 a2 S 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 8 Q2 —! 


Package (D suffix). 


Truth Table 


INPUTS OUTPUTS 


Toggle 


No ae 


oe 


“Unpredictable and unstable condition if both S and R go high 
simultaneously 

L= Logic Level Low 

H = Logic Level High 

_/ = Transition from Low to High Level 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2466 1 
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Specifications HCS109MS 


Absolute Maximum Ratings a Reliability Information 


SUPDIY VOWAGG cinco hea test tale we conneuess a3 -0.5V to+7.0V Thermal lmpedance ................ Bia Oi. 

. Input Voltage Range, All Inputs ............. 70.5V to VCC +0.5V |. Weld Seal DIC...................., 75°CWW 16°C/W 
DC Input Current, Any One Input................0c cece ees +10mA Weld Seal Flat-Pack.............6- 64°C/W 12°C/W 
DC Drain Current, Any One Output...............ee eee eee +25mA __ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) _ For Ty = -55°C to +100°C ...... peasaia did Sse Sia Ae sane waweetl 1W 

. Storage Temperature Range (TSTG)........... -65°C to +150°C For Tx’= +100°C to +125°C Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec)................6- +265°C 
Junction Temperature (TU) 2... 0... cece eee eee +175°C 
ESD Classification ......... ee eee ere here ee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device Penabily The eondincys listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage ....... slcdach te audh ct Siareta te uate tis -.. +4.5V to +5.5V ‘Input Low Voltage (VIL)................ ... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5 VCC (TR, TF) ........ 500ns Max _— Input High Voltage (VIH)..............000- 70% of VCC to VCC 


Operating Temperature Range (Ta) .........-.- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 


| VOUT = VCC -0.4V, 
(Source) es a 0. +125°C, -55°C 


VCC = 4.5V, VIH = 3.15V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C vcc 
IOH = -50pA, VIL = 1.35V -0.1 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Input Leakage 
Current 


Noise Immunity ; VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
. ‘| VIL =.0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V.is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 


VCC = 4.5V 10, 11 +125°C, -55°C 


Lwin 

oe 

ae! 

pS {MOC SAY 2 he 

ie ee sco er 

Tre | NCCES ee 
ee eee eer aa 

Le 

: ! 24 

Les 

pe 

ze 

ae 


=< 
| | = 

2 = 

2 = 

alll a 
: = 
ee ae ee 
= 

mas - 
| ; = 

ma = 
= 


ee ee ee 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| rwmamren | ener | commons | vores | sewer 
| Capacitance Power CPD VCC = 5.0V, f = 1MHz 


: 
Output Transition TTHL VCC = 4.5V 
Time TTLH 
: 
1 
1 
1 
1 


+125°C 


Hold Time JK to CP “VCC = 4.5V 
Removal Time R, TREM | VCC =4.5V 
S to CP 
Pulse Width CP TW VCC = 4.5V 
+125°C 27 


Pulse Width R, S Tw VCC = 4.5V ee 18 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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Max Operating FMAX VCC = 4.5V 
Frequency 125°C 
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Specifications HCS109MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


2» (he (NOTES 1,2) Temp. {200K RADLIMITS | 1M RAD LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND 
os —_ VOUT = 0.4V 
Output Current 1IOH 
(Source) 
OL 
VOH | VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 


“TVIL=0.30(VCC) at200K RAD, | 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


‘VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD 

(Note 3) 


woc=45v ote | 2 | 
woo=asy | ete |e 
2 | 23 | 

ae ae 

an ee 

Bee 


VCC =4.5V, VIN = VCC or GND, . 
VOUT = VCC -0.4V . 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, . 
VIL = 0.12(VCC) at 1M RAD, . 
IOL=50pA° 


Output Voltage Low 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 


Reel! 2 

| 
miles +2 
=e +2 


N 


TPLH | VCC =4.5V 
NOTES: ; 
1. All voltages referenced to device GND. - | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR= TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Sea 
Sea 

Rea | wm |woonaey Ci; 
Roe 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 

re [i [sera 
PARAMETER * SUBGROUP DELTA LIMIT 

oun ———S«d «dO 
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TABLE 6. APPLICABLE SUBGROUPS 


rom * Coco [BOP 
DA 


OD 
a OO 
[cowawewy ———*d'CSantos |r eneemo | 
[sgo ee | Samos | une | 
feos SSSSCSC~*dCS ros BOT | 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) . 


6,7, 9,10 EE ee Oe ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


era a A Ee eee ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS109MS | 
AC Timing Diagrams and AC Load Circuit. 


— TEST 
POINT 


VIH DUT 


VIL CL 


CL = 50pF 
RL = 5000 = 


OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER 


80% 80% 


~ OUTPUT 


ea see DUT TEST 
att POINT 
VIL 
CPINPUT ------------------- 
bi CL = 50pF 
VIL RL = 500Q 
TH = Hold Time PULSE WIDTH, SETUP, HOLD VOLTAGE LEVELS 
TSU = Setup Time 


TW = Pulse Width 
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Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm2 


BOND PAD SIZE: 
100um x100um | 
4x4mils 


Metallization Mask Layout 


HCS109MS 


K1 (3) 
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HARRIS § HCTS109MS 


Radiation Hardened 


December 1992 Dual JK Flip Flop 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE | 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH c 


¢ Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
~DC Operating Voltage Range: 4.5V to 5.5V pee ee a 


¢ LSTTL Input Logic Compatibility 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 


Description TOP VIEW 


The Harris HCTS109MS is a Radiation Hardened Dual JK 
Flip Flop with set and reset. The flip flop changes state with 
the positive transition of the clock (CP1 or CP2). 


The HCTS109MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS109MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


1 
2 
3 
4 
5 
6 
7 
8 


Truth Table Functional Diagram 
5009 


2 (14) 
Jo 


3 (13) 
K 5 
4 (12) 
cp 0 


1 (15) 


=) 


16 
vec ° 


*Unpredictable and unstable condition if both S and R go high é 
simultaneously _ GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 2141.1 
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Absolute Maximum Ratings 


Supply Voltage (VCC). ........... 0.2 e eee eee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V. to VCC +0.5V 
DC Input Current, Any One Input...................02085 >.£10mA 
.DC Drain Current, Any One Output..................0006. +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).................- +265°C 
Junction Temperature (TJ)... 2.2... cc eee cece cee eee +175°C 
ESD Classilicallonas:ccen. cular 88 4-v eta sae eraes saw es Class 1 


Reliability Information 


Thermal Impedance ................ Oia Oi 
Weld:Seal DIC...... Sain emcee 75°C/W 16°C/W 
Weld Seal Flat Pack............00. 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

FOr TeS"05°C 104100 Ci. eae od heeaneeieiaaew eeeda 1W 


For Ty = +100°C to +125°C Derate Linearly at 18mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 
Supply Voltage (VCC)... 1... cee eee eee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) ...... spledeas -55°C to +125°C 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. 100ns/V Max. 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) . VOUT = 0.4V, VIL = OV 
L 
H 


Output Current 1IOH VCC = 4.5V, VIH = 4.5V, 
(Source) ‘VOUT = VCC -0.4V, 
VIL = 0V 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 


IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 


vo 
IOL = 50pA, VIL = 0.8V 
Vv 


Input Leakage 
Current — 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 


Output Voltage High e) VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C | VCC 
| OH = -50p/A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C VCC 
| IOH = -50/A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 
+125°C, -55°C 
EN VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


Input Low Voltage (VIL). 0... eee eee eee eee 0.0V to 0.8V 
Input High Voltage (VIH)...........-.- 0 ce eee eee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


TEMPERATURE 


2,3 +125°C, -55°C -4, 


1,2,3 +25°C, +125°C, -55°C 


1,2,3 +25°C, +125°C, -55°C 


> 
fo) 


oO; oe 


—_ 


fo) 
ants 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Cae Teme] st [SE ne 
PARAMETER SYMBOL CONDITIONS SUBGROUPS ~’ TEMPERATURE . 
hk es oe ces oe 


VCC = 4.5V 10, 11 +125°C, -55°C 


LIMITS 


~ 26 


19 


od oon ee ae 
ooweey [9 |e 
| vec=4sv- | 10,14 [125°C =85°C 

a 


VCC = 4.5V | 10,11 | +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume-RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C 
+125°C 


Removal Time R, 
S to CP 


Pulse Width R, S. Tw (S, R) | VCC = 4.5V 
Pulse Width CP -TW(CP) | VCC =4.5V 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Leer | RAD 
TEMP- Leer | 
PARAMETERS SYMBOL ERATURE 


VCC = 5.5V, VIN = VCC or GND 
Output Current 
(Source) 
ie) 
{e] 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIN=VCC or GND, | +25°C 
VOUT = VCC -0.4V 

VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


| MIN, | MAX | 

pf 04 

ial lb 

VOUT = 0.4V 

Output Voltage Low =F 

VCC = 4.5V and 5.5V, 425°C ALE 

VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOH = -50HA 
a 
| 2 | 30 | 
p 2 | 3 
| 2 | 3 | 
Pp 2 | 38 | 
| 2 | 3 | 
p 2 | 33 


oe Voltage High : 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 


25°C 
25°C 
+25°C 
VIL = 0.3V at 1M RAD (Note 3) bal 
Rea |r [veos aa 
Rea aw [woowaey SiC 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


© 
© 
ro) 
— 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- 
PARAMETER GROUP DELTA LIMIT 


IOLV/IOH a -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS — 


a 
PDA 


a OD 
[FratetSSSCSC~*C coe [ROP 
[camanooy ——*dC arian | nan eweoeran 
i 5 ee ee en 

Gene “| Sample/5005 ~~ -4,2,3,7,8A,8B,9,10,11 | oe 
NOTE: , 


_ 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. - 


TABLE 7. TOTAL DOSE IRRADIATION 


: . EST EAD AND RE D . 
CONFORMANCE R eos 


. GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 


_ 1.. Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


- OSCILLATOR ; 
wevec=aveosv | vec=eveosv | sokHz | 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


A (Ee Ce ae ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: ~ | . | . 
1. Each pin except VCC and.GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. RRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


AC VOLTAGE LEVELS 
VIH 


VCC 


OUTPUT 


80% 80% 


OUTPUT 


INPUT 
ce 
VS 
VIL 
<—— TH 

TSU 
INPUT CP 
VIH  vtceereeee 


VIL 


TH = HOLD TIME 
TSU = SETUP TIME 
TW = PULSE WIDTH 


AC Load Circuit 


DUT 


TEST 
POINT 


CL = 50pF 
RL = 500Q 
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- Die Characteristics 
DIE DIMENSIONS: 


89 x 88 mils 
2.25 X2.24mm _ 


METALLIZATION: 
“TyperAISi 
Metal Thickness: 11kA £1KA 


GLASSIVATION: 
ee SiO» 
~ Thickness: 1A. +2. ekA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 


100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS109MS 


wo (15) R2 
rt iteel 
| Wie rks ett 
CP1 (4) ase we aad ae 
wed PRINS IB mem (semen hmmm as Whi siete 
Bere et i a Sie Nh to ee eS ge j = zat 
TREE fa maa GR ane) Sa a fie 
: i —z9 —— Sl "| ‘ 
(13) K2 
Q1 (6) (12) CP2 
WU) A Naaman GEG 
as qb ss its i ATT 
: A Hai = A= = WES (11) S2 


Qi (7) 


7-276 


pBHarns  HCTS112MS 


Radiation Hardened 


December 1992 _ Dual JK Flip-Flop 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE : 
* Total Dose 200K or 1 Mega-RAD (Si) | MIL-STD-1835, pEiGNATOr cores, LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
° Cosmic Ray Upset Rate 2 x 10°° Errors/Bit Day 
Latch-Up Free Under Any Conditions 


¢ Military Temperature Range........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTLICs 
e DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 


Ate 16 PIN CERAMIC FLAT PACK 
Description | | -  MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISH C 


TOP VIEW 
The Harris HCTS112MS is a Radiation Hardened dual JK 
flip-flop with set and reset. The flip-flop changes states with 
the negative transition of the clock (CP1N or CP2N). 


The HCTS112MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS112MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


on oun ee OND = 


o 
© 
Oo 
a 


Truth Table 


INPUTS OUTPUTS 


H = High Steady State, L = Low Steady State, X = Immaterial, 4(13) 

~\_ = High-to-Low Transition o- CL 

* Output States Unpredictable if S and R Go High Simultaneously ah ral 
after Both being Low at the Same Time 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 2467.1 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... ... cece eee eee eee -0.5V to+7.0V Thermal Impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.............0 0000. 75°CW 16°C/W 
DC Input Current, Any One Input....................0e eee +10mA Weld Seal Flat Pack............... 64°C 12°C/W 
DC Drain Current, Any One Output...............0.0e eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta = -55°C t0 +100°C 2... cece e cence 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............+6-. +265°C | 
Junction Temperature (TJ) ......... Ha tise deed ois eed tea +175°C 

ESD Classification ..............000- gcd la ailecleSiadey aha eran Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ra tings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ..... cece ee eee eee eee +4.5V to+5.5V = Input Low Voltage (VIL)......... cee cee eee ew eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C + ~—s Input High Voltage (VIH).............c eee ee eee VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ... 100ns/V Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE 
Quiescent Current - i 
Output Current 
(Sink) 


Output Current lIOH 


ICC 
IOL 


+125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 


> 
© 


« ee = 
E 


2 


hal 
ee 
eed 
Mec 
———— 
ul Keil 
feed 
Eee 


VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


Output Voltage Low 


Output Voltage High 425°C, +125°C, -55°C VCC 


6 
° 
mh 


+25°C, +125°C, -55°C VCC 


ah 


1 
1,2,3 
1,2,3 
1,2,3 

7, 8A, 8B 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


NOTES: — 


input Leakage VCC =5.5V, VIN= VCC or re 
Current GND . 
| 4+125°C, -55°C | 5.0 | 
Noise Immunity VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C © 
Functional Test VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


PARAMETER SYMBOL CONDITIONS | GROUPS | TEMPERATURE 
CP toQ,Q TPHL | VCC =4.5V ee 
rr 
(eal ae io ee 
sc anu dinetcecsee St ee 
ee ide edn crecsox 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


LIMITS 


3 
4 
3 
2 
4 


7 
2 
4 
4 
34 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power P VCC =5.0V,f=1MHz |. Typical 40 
issipati 

Dissipation +125°C Typical 100 

Input Capacitance i VCC = Open,f=1MHz | | 

Setup Time J, K to S 

CP 
T = 4, 


LIMITS 


CPD 

Output Transition TTHL, VCC = 4.5V 

Tsu. | vec =4.5V 14 

ie x. 
Hold Time J, K to CP H | VCC =4.5V 

inal Mall aati: 
Removal Time R,S | TREM | VCC=4.5V 1 
Pulse Width R, S Tw (A, 8) | voc = 4.5v 
Pulse Width CP TW (GP) | VCC =4.5V 14 

eatieokan Eiemusseasl 
Max Operating FMAX | VCC =4.5V 

NOTES: 

1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 

tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K LIMITS | iMLIMITS | 
RAD RAD 
TEMPERATURE 


(NOTES 1, 2) 


VCC = 4.5V or 5.5V, VIH = VCC/ 
2, VIL = 0.8V at 200K RAD, 


Output Voltage High. 


_[- -----—-]-VIL =0.3V at 1M RAD, 


IOH = -50pA 


Input Leakage Current PIN VCC = 5.5V, VIN = VCC or GND 


| Noise Immunity FN | VCC =4.5V, VIH=2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
Sea | Tan [vocnay i 


| PARAMETERS | SYMBOL CONDITIONS | MIN | MAX | MIN | MAX | UNITS 
Output Current (Sink) | IOL. VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 4.0 mA 
3 | | VOUT = 0.4V 
Output Current = VCC = 4.5V,. VIN = VCC or GND, +25°C -4.0 -4.0 mA 
(Source). VOUT = VCC -0.4V > es 
1 vo VCC = 4.5V or 5.5V, VIH = VCC/ +25°C Vv 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 


elelalr rs + 
ojo] s iS) cn 


TPHL | VCC =4.5V | 
TPLH |VCC=45V 4 
‘NOTES: : 


1. All voltages referenced to device GND. : 3 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


_ TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 

PARAMETER SUBGROUP DELTA LIMIT 

a ES 
| 1OLAOH a ae -15% of 0 Hour 
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. TABLE 6. APPLICABLE SU BGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-in) a 0%/5004 ICC, |OL/H 


10 
a 
. i 10 

10 


D 1Y; 
OO 
[reife —SSCSCS~C~*dC oe OTT 
[oopawewy dC anit [aren eeoIo | 
i os 5 eon ee Se 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. . 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE 


TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 ~ Table 4 a oe Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| | OSCILLATOR 
1/2 VCC = 3V +0.5V VCC =6V + 0.5V | SOKHz =| KHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


5,6,7.9 a (|e, a ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ES ee es ee ee ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


VIH 


VIL 


OUTPUT 


80% 80% 


OUTPUT © 


Pulse. Width, Setup, Hold Timing Diagram Positive Edge Trigger 


VOLTAGE LEVELS 


VIL 


TSU 


INPUT CP 
VIH eee mccncccrecenccccccenncccscccce 


VIL 


TH = HOLD TIME 
TSU = SETUP TIME 
TW = PULSE WIDTH 


AC Load Circuit 
DUT TEST 
ri POINT 
CL RL 
CL = 50pF 


RL = 5000 = 
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Die Characteristics 


DIE DIMENSIONS: 
89 x 88 mils 
2.25 x 2.24mm 


METALLIZATION: 

Type: SIiAl 

Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA at 2.6kA 


DIE ATTACH: | 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS112MS 
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EN 


(13) CP2 
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ByaRRs HCS132MS 


Radiation Hardened 


December 1992 Quad 2-Input NAND Schmitt Trigger 
Features Pinouts | | 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity < 2 x 10° Errors/Gate Day 

(Typ 

Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

_ e. Significant Power Reduction ComparedtoLSTTLICs [| == 5 
¢ DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH c 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 


Description af . MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 
TOP VIEW . 

The Harris HCS132MS is a Radiation Hardened Quad 

2-Input NAND Schmitt Trigger inputs. A ios on both inputs vec 

forces the output toa Low state. Bs 

The HCS132MS utilizes advanced cmos/sos technology Ad 

to achieve high-speed operation. This device is a member of v4 

radiation hardened, high-speed, CMOS/SOS Logic Family. Bs 

The HCS132MS is supplied in a 14 lead Weld Seal Ceramic A3 

flatpack (K suffix) or a Weld Seal See Dual- In-Line Y3 


Package (D suffix). 


Truth Table Ze | | Functional Diagram 


INPUTS OUTPUTS - 


(2, 5, 10, 13). 


NOTE: L= Logic Level Low, H = Logic level High | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Absolute Maximum Ratings Reliability Information 

SUpDIY Vollage nc isi dan cae oe eis ea hae eee -0.5V to+7.0V Thermal lmpedance ...... ret as Bae «Oia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2... ee ee eee eee 75°C 16°C/W 
DC Input Current, Any One Input...................2 ee eee +10mA_ Weld Seal Flat Pack............00. 64°C/W 12°C/W 
DC Drain Current, Any One Output........ Secor ed aaa aera +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta = -55°C to +100°C.............. pala Sreeiidcei tears aigla 1W 
Storage Temperature Range (TSTG).........:. -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 183mW/°C 

Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... 20... ccc cece cee cece +175°C 

EoD Classificatlonicvvods2 gic antec ets antares Class: 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply: Voltage vcs sancoakews es vidawiwewesais +4.5V to+5.5V —— Input Low Voltage (VIL)... ....... 0. eee eee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF).... Unlimited Max Input High Voltage (VIH)...............25. 70% of VCC to VCC 
Operating Temperature Range (Ta) ...--.--...- -55°C to +125°C | 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE a UNITS 


ae 


Quiescent Current 
Output Current 
(Sink) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.8V, ee 
VOUT = 0.4V, VIL = OV 

| 28 ee Ee ee 
VCC = 4.5V, VIH = 4.5V, 


VOUT = VCC -0.4V, Poee.cec 


VIL = OV 
425°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.35V 


Output Voltage Low VCC = 4.5V, VIH = 3.15V nes 
VCC = 5.5V, VIH = 3.85V, 

IOL = 50pA, VIL = 1.65V 

Output Voltage High : VCC = 4.5V, VIH = 3.15V, ae | 


IOH = -50uA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


- Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 

GND 

VCC = 4.5V, 7, 8A, 8B 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) (Note 2) 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 
Functional Test 


NOTES: 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


| (NOTES 1, 2) 
- PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
Input to Output TPLH | VCC =4.5V ; a ee 
TPHL | VCC =4.5V a ee 
el ee eee 
ie ee ee 
mA on ae 
| 10,11 


18 


Input Switch Points 


! 
t 


VCC = 4.5V - 


1.40 


NOTES: 


+125°C, -55°C 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), . 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) - 


(NOTES 1, 2) 200K RAD LIMITS | 1M RAD LIMITS: 
PARAMETERS SYMBOL | CONDITIONS . 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
TPLH VCC = 4.5V +25°C 
| 
VCC = 4.5 425°C 


Input Leakage Current IN VCC = 5.5V, VIN = VCC or GND 
Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), 
| VIL = 0.12(VCC) at 1M RAD 
(Note 3) 
TPHL VCC = 4.5V +25°C 
VCC = 4.5 +25°C 
VCC = 4.5 +25°C » 


TEMP- 
ERATURE 


+25°C 
+25°C 


Input to Output 


Input Switch Points 1.70 


on 


Sole 
=|] a 
o1o]o 
He 


<|<|< BLS 
a 


1.40 


NOTES:. 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH =VCC. - 
3. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| | GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 
Ce 
IOV/IOH ir See -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-in) ICC, IOV/H 
Interim TestII (Postburn-In) ICC, |IOL/H 
Interim Test HI (Postburn-In) ICC, IOV/H 


Subgroup B-6 Sample/5005 
Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD:883 may be-exercised.” 


Group D 


TABLE 7. TOTAL DOSE IRRADIATION 


eee TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 Table 4 fF | Table 4 (Note 1) 


NOTE: Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


a 
W2VCC =3V+0.5V VCC = 6V + 0.5V 


- STATIC BURN-IN I TEST CONDITIONS (Note 1) 


43 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 6, 8,11 1, 2, 4,5, 9, 10, 12, 
13, 14 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


3,6, 8, 11 1, 2, 4, 5, 9, 10, 
12, 13 


NOTES: 
mo Each pin except vec and GND will have a resistor of 10KQ + 5% for static burn- “in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 
VIH POINT 
VIL CL 
‘VOH 
OUTPUT CL = 50pF 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


vcc 


Vi 


GND 
~vcecs 


vo 


GND 


HYSTERESIS DEFINITION 
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Die Characteristics 


DIE DIMENSIONS: | 
90 x 90 mils 
2.29 x2.29mm 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO. 

Thickness: 13kA + 2.6kA 
DIE ATTACH: 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCS132MS 
B1 Al vec B4 
(2) (1) (14) (13) 


NC 
o 
o 
oe) 
a | 
Y1 (3) 
(12) A4 
A2 (4) 
— (11) ¥4 
UL | ee (cmp ee) ee 
(oes =I == Tiny (ce 
=| aan Moe Oe, 7 a laste 
= al : = St  e. <= = 
6s | oo = TAU ee we 
mt r . Dore Wier eas b = (10) B3 


rea CTT 
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BxHerRRIs § HCTS132MS 


Radiation Hardened 


December 1992 Quad 2-Input NAND Schmitt Trigger 
Features Pinouts a " 
¢ 3 Micron Radiation Hardened SOS CMOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835, DESIGNATOR CDIP2-T14, LEAD FINISH C 


e Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'? RAD(Si)/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs | 
DC Operating Voltage Range: 4.5V to 5.5V 


“e LSTTLInput Compatibility = 
- VIL=0.8V Max 
- VIH = VCC/2 Min 


input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


ar 14 PIN CERAMIC FLAT PACK 
Description 7 MIL-STD-1835, DESIGNATOR CDFP3-F14, LEAD FINISH C 
The Harris HCTS132MS is a Radiation Hardened Quad | ie iis 


2-Input NAND Schmitt Trigger inputs. A high on both mpuls: 
forces the output to a Low state. 


The HCTS132MS utilizes advanced CMOS/SOS cea 
to achieve high-speed operation. This device.is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. — 


The HCTS132MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). , 


vcc 
B4 
A4 
¥4 
B3 
A3 
Y3 


Truth Table | Functional Diagram 


INPUTS | : OUTPUTS 
oe Bn | 


(3, 6, 8, 11) 


a 
ED ee 
ee Ce 


Bn 
(2, 5, 10, 13) 
NOTE: L = Logic Level Low, H = ge level High 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3062 
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Absolute Maximum Ratings 


Reliability Information 


Supply Voltage (VCC)...... 0... ee eee eee eee ee -0.5V to+7.0V. Thermal Impedance ................ Oia 8 

Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld'Seal DIC: is evweixescowionwccs 75°CIW 16°C/W 
DC Input Current, Any One Input................. ce eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.................. 0 eae +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) Por Tn +05°C to 4+100°C is cc ecie cice ta at vewanway 1W 
Storage Temperature Range (TSTG)...... ease -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec).............0008- +265°C 

Junction Temperature (TJ) ........ SEE OE ees Tee +175°C 

ESD Classilicalion <s-ok.0.4as0 cen ssw ase sewaeee cages Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... 2... cece eee ee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) ............ -55°C to +125°C 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) .. Unlimited Max 


Input Low Voltage (VIL)... .. ec ee cee eee ee eee 0.0V to 0.8V 
Input High Voltage (VIH)........ ee ee ee ee VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current lOL VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 
L 
H 


Output Current 
(Source) 


(Sink) 
1IOH VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL=0V 
VO VCC = 4.5V, VIH = 2.25V, 
IOL = 50y1A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 
Output Voltage High vo VCC = 4.5V, VIH = 2.25V, 
| IOH = -50p/A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 
Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test. VIL = 0.8V (Note 2) 


NOTES: 
1. All voltages reference to device GND. 


Output Voltage Low 


GROUP — LIMITS 
A SUB- 
GROUPS TEMPERATURE 


ee 
28 [ ae. 656 
ee ce 
ee 0 
ee 


425°C, +125°C, -55°C 


eae 425°C, +125°C, -55°C | VCC 
425°C, +125°C, -55°C | VCC 


Lea | +125°C, -55°C 5.0 


7, 8A, 8B 425°C, +125°C, -55°C 


3 
+25°C, +125°C, -55°C 
3 


1 
2,3 
1 
2,3 
1 
2,3 
1,2 
1,2 
1,2 
1 
2,3 


55|¢ ESI 
= _ @ © 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


7 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS 
10, 11 +125°C, -55°C 
10, 11 +125°C, -55°C 


Input Switch Points vT+ | VCC=4.5V Pee ow +25°C 
10, 11 +125°C, -55°C 


ve | voo= aay es 
10, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR= TF = 3ns, VIL = GND; VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX — UNITS 
Capacitance Power = VCC = 5.0V, f = IMHz i te al i 
Dissipation 2 Co 
input Capacitance CIN vcC = ea, f = 1MHz a 


Output Transition TTHL VCC = 4.5V 
Time | TTLH 


NOTES: 
1. The parameters listed in Table 3 are controlled via ica or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| | | meee s RAD 
. (NOTES 1,2) _ | TEMP. tie 
PARAMETERS SYMBOL CONDITIONS ERATURE 


| Quiescent Current —_| Current VCC = 5.5V, VIN = VCC or GND 


a Current (Sink) VCC = 4.5V, VIN = vec or GND, #25°C 
VOUT = 0.4V 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage High 


Output Voltage Low VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pnA 


VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOH = -50pnA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K RAD 
LIMIT 
(NOTES 1, 2). TEMP- 2 


PARAM ETERS -SYMBOL. CONDITIONS ERATURE 


Input Leakage Current IN VCC = 5.5V, VIN = VCC or GND a 


TPHL | VCC = 4.5V 
Input Switch Points VCC = 4.5 0.40 


NOTES: . 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “O”. 


=m 
[040 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 425°C 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD 
. (Note 3) — i 
H 


ccs 
=" 
= 
Es 
Es 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
‘PARAMETER ‘SUBGROUP DELTA LIMIT 
a 

{OL/IOH ae a -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


[toowsoor [an 7.8.botw | 
[reoweoor [re otes | 
Grow A NO [Sanpisoos _[ naa7eaearan 

Fe 
NOTE: aS 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. » 


> 


vU U 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD -PRE RAD POST RAD . 


NOTE: ’ 
1. Except FN test which will be performed 100% Go/No-Go. , : 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1,2, 4, 5, 7, 9, 10, 12, 14 
13 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7 1,2, 4, 5, 9, 10, 12, 13, 
14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


7 14 1,2, 4, 5, 9, 10, 12, 
13 


NOTES: 
_ 1. Each pin except VCC and GND will have a resistor of 10KQ + 5% forstaticburn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


| see fF 824 8,9, 10,12, 18,14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
VIH DUT 7 — TEST 
POINT 
VIL CL RL 
VOH | 
CL = 50pF 
VOL RL = 5002 = 


VOU see ceeuttesseccsces) | | Sacmeeemmaiiet |) [eondo 5 ese 
80% 80% 


VOL OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER 


[eo 
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Die Characteristics 


DIE DIMENSIONS: 
90 x 90 mils 
2.29 x 2.29mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA +2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS132MS 


B1 At vcc B4 
(2) q) (14) (13) 


NC 


ee —_ ote . ef ee ae 
.. es ns ge tetris 
° eer * enia® ote ° . . . . . . . 
: Paar fois ‘ Net wate ee Oiteo ey © pling ee ete ee 
i Nefetae ies ‘ . : . 
a Beg ses ate : Pe Se ee ane ee ee ee re eg 
- oot oe ee wt ee fete ety ee e- 
bs . _ oo eo ele 
oa CAT * So ote ts ee iin! serene See Sees 2° 
= og  Teoak peed el A i] — = . . . . . . . . . . . . 
6 OS aes feet dee ete —- 7 ve legitegetese eS: See A. 
Se Lels es ey etegehen - oT | = ME oicdiecteceie Magieeiecs EF eh isis: 
a Ros tea = ad - " Pa) \ een ~ oH Saree t 
a EOS ee Le lee lt : Sneazecececer 7 
othe. eee «ee er ha OE OS | eee ceae : aed S| 
* pe Le Yad Maat eed . . 
ae oa . ‘ Bc 8s. eer oe. . 1 felis 
bad r . e . 
2 : 3 “ ae! . = ie mcr . é Ln View, ! ac t 
a = 5 chee fel Wetoe ain Se acs RO Mess =, iin 
; : We Ce ee OE (es beetste RR fo: 3s BIC ||" Aaa nee 
mu: c ' Whe Age) ON ash aitia gece anace nae : ) 
“i ha: : j ' is . sel. 
iis sop {pac a . . . es ) 1 
tl RSS leer te tate ie" rors | 
i ;@ ll « welt =e mi) Sictye carte siass Shae AH rn 
oH ‘| ‘ = = Cries oe tae es} oO lig. © 
- =. Ssrf— — ee 1 ae wer Ome ee et 
== H = = a og Boe Wiggs eere's G . LT : 
eo. utht= aera eer re er Pama} 
- eye . . . a 
3 : i A SE Gy peste 
Y1 (3) = i PETES gh heh 
= ‘ -- werd eee ee = a . 
> Sam a sete, a8 ect le le lel ce! Se 5 
wen. he aioe ° Teeter 
iB pon ae fiat at oeee, 12 Aa ae ets 
: o Oe eg Oe Cat th eet atest ate? ote <2 lm nels 
Se . UU PE : AH Ye: (12) A4 
‘ slelece once aC! Sy a, ctetete 
Searels aete os ‘ HULA Aral ' 
ce ote ele eese a %, BAY ins) Mh, 
rn ria bee : °3 scue ete gets ‘ 
ete r) 1 etae atete : : ‘ad ¥ 
rT os ene ag mg . 
4 ’ ae. . ote eee seye se : be . 
I . ose et ge e 
= prAk 
2 band 
—e z 


A2 (4) 


© 
© 
ve) 
— 


mn 


(11) 4 


5 


B2 (5) = , Bike 1% = 
Ne = etch MPP Lo iti 
| st Sieh E Ne ray aoe |, 


(10) B3 


T ail ir : a0 EB 


= } a 
= g a tes 
> en | oe 
le . | i. 


7-295 


gprarrs j= HCS138MS 


Radiation Hardened Inverting 


December 1992 3-to-8 Line Decoder/Demultiplexer 
Features Pinouts ae 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
e Latch-Up Free Under Any Conditions | TOP VIEW 


Fanout (Over Temperature Range) 

- Standard Outputs - 10 LSTTL Loads 

¢ Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 

e Input Logic Levels 

Jo VIE S03: VCO MAX «2c. ees wim en ties Heese eos 
- VIH = 0.7 VCC Min 

¢ Input Current Levels li < 5A at VOL, VOH 


Description 

The Harris HCS138MS is a Radiation Hardened 3-to-8 line 
Decoder/Demultiplexer. The outputs are active in the low: 
state. Two active low and one active high enables (E1, E2, 16 PIN CERAMIC FLAT PACK 


E3) are provided. If the device is ‘enabled, the binary inputs CASE OUTLINE F-5A, CONFIGURATION 2, LEAD FINISH C 
(AO, A1, A2) determine which: one of the eight normally high ‘MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C ~ 
outputs will go to a low logic level. - pat — | _ -- TOP VIEW 

The HCS138MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS138MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). . 


vcc 
Yo 

YW 
Y2 
Y3 


4 
Y5 
Y6 


an oa &» BW ND =~ 


Truth Table 7 vn 
"OUTPUTS 


ENABLE 


el ee | 
E39 | £2 | Ei | a2 | at | ao] Yo | v1 | v2 | v3 | V4 | Ys | Ye | Y7 | 


P—) > > ° YW. 
xt xpHi xi xt xtatatatataye aa Bin::D>-p* pb , 
repebebebebetete tee t ete | D> Dt fs 
Tax] xPx Px Te Teta Ta ata Taya] | TTT RS 
STD tf a 
eee papate [etapa etapa | “PP 
PHIL PET ET HT LHR LTH Tata tat Ad] Litt > 
rete te tatetepetetetete adel | Df Ltn 
OG OC A OAH a ee | ; 
ee eee Me ee 
PHILP C THT UTAH TR RTT AT LRT) st HOt D> f>-3 7 
H = High Level, L = Low Level, X = Don't Care 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2473.1 
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Absolute Maximum Ratings 


Supply Voltage (VCC). ........ eee eee eee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input..... er ee +10mA 
DC Drain Current, Any One Output.......................t25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)..... oe Ses -65°C. to +150°C 
Lead Temperature (Soldering 10sec).................. +265°C 
Junction Temperature (TJ)... 2... cece cee ee ee eeee +175°C 
ESD Classification ................ Mal eee ska m a yhacs Class 1 


Reliability Information 


Thermal Impedance ................ G5 6. 
Weld Seal DIC................4.. 
Weld Seal Flat Pack............... 

Power Dissipation per Package (PD) 
For Tes *55° Cito 4100 Cs faa ct ce euee ees eee tal AW 
For Ta = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply, VONAGE... 's sce esies ae wes ee ed eve Meawen +4.5V to +5.5V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL). ...........ce cece 0.0V to 30% of VCC 
Input High Voltage (VIH).................. 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50p/A, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


LIMITS 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


+25°C, +1 ee -55°C 


+25°C 
+125°C, -55°C 


> 
oO 


ae 
ae IE: 
| 48 | 
a 
ae 
a 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 
_ LIMITS | 


as | (NOTES 1,2) 
PARAMETER | SYMBOL. CONDITIONS 


Address to Output TPLH © VCC = 4.5V 
| i ” +125°C, -55°C 


TPHL VCC = 4.5V +25°C 
Enable to Output TPLH VCC =4.5V 5°. 128°C 
| bel a Fat +125°C, -55°C 


NOTES: 


_1. All voltages referenced to device GND. - se ental Leth Se Ee ete mea OY CO ae NG ke ee a, oo 


2. AC measurements assume RL = 500Q, CL = = 50pF, sia TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS | | 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE rawr UNITS 
Capacitance Power VCC = 5.0V, f = 1MHz Typical 52 
Dissipation 


ai ot +125°C Typical 75 
Input Capacitance “VCC = Open, f = 1MHz a 


Output Transition “TTHL | vcc=4.5v 
Time TTLH 


—-+125°C 
NOTES: 


- 1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | (NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS ERATURE 
Output Current VCC = 4.5V, VIN = VCC or GND, 
(Source) VOUT = VCC -0.4V 


VOL VCC = 4.5V and 5.5V, 


VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200KRAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL CONDITIONS ERATURE | MIN | 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


FEN 
Address to Output TPLH 
TPHL |VCC=4.5V 


Enable to Output TPLH | VCC =4.5V 
TPHL | VCC =4.5V 
NOTES: 7 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Pe oe ee 
Ree eae 
2 | 3 f 2 | ao | 
PAE Boe ee 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


[OL/IOH Ce -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, IOV/H 
Interim Test I (Postburn-In) 100%/5004 ICC, |OL/H 


OO 
10 
0 


[rome [rooms | 
[Pratet «Cte KOR | 
[oom ate __——*d;CSariosins arene oT | 
Pn eee ee 
[eo dC arioetns ROTOR COTO | 


NOTE: ; 
1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
GROUND 1/2 VCC = sv +0.5V vec = .6V + + 0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 
a A AY VA A 


STATIC BURN-IN il TEST CONNECTIONS (Note 1) 


7,9-15 Tos] ree 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


a 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagram and Load Circuit 


DUT TEST 
fe) 
VIH POINT 
CL RL 
VIL 
VOH CL = 50pF 
VOL 
AC VOLTAGE LEVELS 


VOH 


80% 


80% 


panaueren | wes | _UNTS 


VOL OUTPUT 


fe fe 
en 
a 
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~ ‘TABLE 9. IRRADIATION TEST CONNECTIONS ~ 


HCS138MS 


Die Characteristics 


DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: 
~ Type: SiAl 
Metal Thickness: 1 1kA + 1kA 
GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 


Metallization Mask Layout. | 


HCS138MS 
Al. AO vcc Yo 
(2) (1) (16) (15) 


— (14) Yt 


Pipieiateisiet sets] 
Y cer eser nes 
eS re = 
Oi == AY 8B, ss 


eee a ell 

nea . ‘ sy ti 

| Se Pua 
—— NT TH 
=I 


At 


NC 


© 
O 
Oo 
a 


® Tw 
(eu 


(13) ¥2 


rer all (e 
st ine 
i 


(12) ¥3 


(11) ¥4 


NC 


SBOE TAGS iS | 
ae i 
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te HCTS138MS 


Radiation Hardened Inverting 


December 1992 3-to-8 Line Decoder/Demultiplexer 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE. | 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835, DESIGNATOR CDIP2-T16, LEAD FINISH C 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse TOP VIEW 


e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 

Significant Power Reduction Compared to LSTTL ICs 

__¢ DC Operating Voltage Range: 4.5V to5.5V--. — -- ---[-- 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


oo | 146 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISH C 


The Harris HCTS138MS is a Radiation Hardened 3-to-8 line | | TOP VIEW 
Decoder/Demultiplexer. The outputs are active in the low | 


state. Two active low and one active high enables (E1, E2, Ao 1° vec 
E3) are provided. If the device is enabled, the binary inputs Al 2 Yo 
(AO, A1, A2) determine which one of the eight normally high A2 3 Vi 
outputs will go to a low logic level. i 4 W 
The HCTS138MS utilizes advanced CMOS/SOS technology E2 5 Y¥3 
to achieve high-speed operation. This device is a member of E3 6 Ya 
radiation hardened, high-speed, CMOS/SOS Logic Family 7 7 vE 
with TTL input compatibility. eng : ve 


The HCTS138MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


Truth Table Functional Diagram 


INPUTS 


OUTPUTS 


eral —Dpbis 
feo] 3] ET | aa] aa] ao] Wo] va] va] va] va] ve] ve] 7 fi ‘ 
ES E900 69 E98 CY IC es pes pes pent pee pe; ae 
no 
ata teed ee 
EACIEIES tHe ; 
i Ho, of 
PHU tpt fi nét>-f> LA ome 10 
etetete Lees 
H{LYIL : 
| B+ Sot 1) | FED eG 2 ¥ 
athe Es 8) >e =p 5 “ 37% 
PHP e Te LH | 
H = High Level, L = Low Level, X = Don't Care 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2462.1 
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Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC). ........... 0. eee eee eee -0.5V to+7.0V Thermallmpedance ...... Fae Saree ee Ba 8, 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC i .5c.8scs dewie vices 75°CIW 16°C, 

DC Input Current, Any One Input................... cece +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................ eGeee +25mA Power Dissipation per Package (PD) . 7 
(All Voltage Reference to the VSS Terminal) For Ta =+59°C to F100C sce els cesdweces te edoveddene IW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)..............000- +265°C je 
Junction Temperature (TJ)... .. ccc cece eee teense +175°C 

ESD Classification ......... ema was oe bs are panicwandes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may. affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... cece ee ee eee +4.5V to +5.5V —— Input Low Voltage (VIL)........... ce eee cece tenes 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~~=— Input High Voltage (VIH)........... ccc cee eee ees VCC/2 to VCC 
Input Rise and Fall times at VCC = 4.5V (TR, TF)..... 500ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTE 1) A SUB- 


LIMITS 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE Somin | MAX NITS 
Quiescent Current ICC VCC = 5.5V, 
OL 


| 23 | +125°C, -55°C ( 750 


Output Current VCC = 4.5V, VIH = 4.5V, 7.2 
i T =0.4V, VIL = OV 
(Sink) VOUT = 0.4V, VIL =0 Tone aoc 
Output Current 10H VCC = 4.5V, VIH = 4.5V, 72 


VCC = 4.5V, VIH = 2.25V, ee 425°C, +125°C, -55°C 


IOL = 50pA, VIL = 0.8V 
1,2,3 | +25°C, +125°C, -55°C 


Output Voltage Low VOL 


VCC = 5.5V, VIH = 2.75V, 
lOL = 50pA, VIL = 0.8V. 


VOH VCC = 4.5V, VIH =2.25V, | 
IOH = -50pA, VIL = 0.8V 


© 
at 


IOH = -50n/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, ce 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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__..}. ~-1.-All- voltages referenced to device GND. —-- > 


Specifications HCTS138MS 


* TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS | 
= | (NOTES 1, 2) A SUB- on 
PARAMETER SYMBOL . CONDITIONS GROUPS TEMPERATURE 


- Address to Output 


ee 
ow 


TPLH | VCC =4.5V a) See dee 
ed ee ee 


| - . +125°C,-55°C 
TPHL | VCC=4.5V 


| 10,41 
es 
NOTES: 


Enable to Output 


10, 11 —-+125°C, -55°C 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


= TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS. 
UNITS 


PARAMETER | SYMBOL | CONDITIONS NOTES | TEMPERATURE | MIN | MAX | 
Capacitance Power ian VCC = 5.0V, f = 1MHz a eee Typical 59 | pF 
Dissipation 


p 
ae Ne. 


CPD F 
i F 
pF 

HL 


ee 
Output Transition TT VCC = 4.5V ae p= | 15 | 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


oe 200K RAD 1M RAD 
LIMITS LIMITS 
(NOTES 1,2) - - TEMP- : 
PARAMETERS SYMBOL CONDITIONS - ERATURE 
Quiescent Current © VCC = 5.5V, VIN = VCC or GND 


+2 
Output Current (Sink) VCC =4.5V, VIN= VCC orGND, | +25°C 
VOUT = 0.4V | 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, - 
| VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 


Output Voltage High 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pnA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS — ERATURE 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 

Address to Output TPLH | VCC=4.5V. 

TPHL |VCC=4.5V 
Enable to Output TPLH | VCC=4.5V 

TPHL | VCC=4.5V 

NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B ~ 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOV/IOH -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


OO 
[FratfetSSSCSCSC~*dC oe eT | 
cro Ao OS 

CC 
ee 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND dachabsbdle | 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


oot eed | OSCILLATOR 
“GROUND |: te vec =3V+0.5V VCC =6V+0.5V a 


- STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


7,918 a 16,16 s name Se 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


ee TABLE 9. IRRADIATION TEST CONNECTIONS = is 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
- Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH eT ay 

OUTPUT aaclal 


VOL RL = sah — 


VOH --------------------- | |pmmcneny| | ------ 2 -- 
80% = 80% 


OUTPUT 


VOL 


PARAMETER HCTS 
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Die Characteristics 


DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


A2 (3) 


NC 
E1 (4) 
E2 (5) 


E3 (6) 


NC 


HCTS138MS 


HCTS138MS 
Al AO vcc Yo 
(2) (1) (16) (15) 


i 
iA 


2, | 
St Sh 
eal 


ii 


ie 


ee 


7 
orc eer r 
hos rf 
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(14) ¥7 


NC 


(13) Y2 


(12) ¥3 


(11) ¥4 


NC 


LOGIC 


MHaARRIS § HCTS139MS 


Radiation Hardened Dual 


December 1992 2-to-4 Line Decoder/Demultiplexer 
Features Pinouts | 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835, eacanasital alee LEAD FINISH C 
¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 
¢ Latch-Up Free Under Any Conditions E11 [1 
e Fanout (Over Temperature Range) A01 [2] 
- Bus Driver Outputs - 15 LSTTL Loads A1113| 
¢ Military Temperature Range: -55°C to +125°C You [4] 
—e Significant Power ReductionComparedtoLSTTLICs | — Yi1 {5 
* DC Operating Voltage Range: 4.5V to 5.5V Mee Gg 
¢ LSTTL Input Compatibility ne 
- VIL =0.8V Max GND [8 


- VIH = VCC/2 Min 
e Input Current Levels li < 5uA at VOL, VOH 


Description 16 PIN CERAMIC FLAT PACK 
The Harris HCTS139MS is a Radiation mandened 2-to-4 line Eat SED Tede DES ONS TOR COERS erwen er ele 


Decoder/Demultiplexer with an active low enable (E). Data TOP VIEW 
on the select inputs (AO, A1) cause one of the four normally 


high outputs to go to a low logic level. The Demultiplexing Be as ede 
function is performed by using the enable input as the data A01l 2 2E 
input. Al1 3 2.A0 
The HCTS139MS utilizes advanced CMOS/SOS technology | “2! oe wil 
to achieve high-speed operation. This device is a member of my . gel 
radiation hardened, high-speed, CMOS/SOS Logic Family Y21- 6 2y1 
with TTL input compatibility. . Yat 7 2Y2 
8 2Y3 


The HCTS139MS is supplied in a 16 lead Weld Seal liad 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- | 


Line Package (D suffix). 


Truth Table | 7 eae _| Functional Diagram 
INPUTS ENABLE SELECT . OUTPUTS | : 
= od = S 4(12) 

2(14) S 0 
AO S S §(11) 
3(13) S Yi 
Al 

Logic 1 = High : > Be. ; a) 

Logic 0 = Low Y2 

X = Immaterial 
1(45) ste) 
Pv % 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2231 1 
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Absolute Maximum Ratings. Reliability Information 

Supply Voltage (VCC)... 6... cece eee eee eee -0.5V to+7.0V Thermallmpedance....... NWwton ask < Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................6.. 75°CIW 16°C/W 
DC Input Current, Any One Input.............. 0... 2c eee +10mA Weld Seal Flat Pack............... 64°CWW 12°C/W 
DC Drain Current, Any One Output............... 0.0 eee +25mA __ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta = -55°C to +100°C ....... POR oeds seaae was 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec)...............06- +265°C 
Junction Temperature (TJ) .... 0... cece cece eee e eens +175°C 

ESD Classification: i. -0i0 ees ww kina ese eee Lee xe ows Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... 2... cee eee ee eee eee +4.5V to +5.5V Input Low Voltage (VIL)................20-020... O.0V to 0.8V 
Operating Temperature Range (Ta) ...........- -55°C to +125°C ~—s Input High Voltage (VIH).......... cee ee ee ee eee VCC/2 to VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max : 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE are UNITS 


VCC = 5.5V, ee ee ee 


VIN = VCC or GND. Lea, 
+125°C, -55°C 
Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, — a +25°C 
Output Current 


VOUT = 0.4V, VIL = OV 125°C, -55°C 
(Source) 


VCC = 4.5V, VIH = 4.5V, +25°C 


T=VCC -0.4V, 
ae OV eye +125°C, -55°C 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage High NOC 4.5V, VIH = 2.25V, 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C VCC 

IOH = -50pA, VIL = 0.8V -0.1 
N 

VCC = 4.5V, VIH = 2.25V, 7, 8A,8B | +25°C, +125°C, -55°C 

VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. | 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage 
Current 


Noise Immunity 
Functional Test 
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NOTES: 


PARAMETER SYMBOL CONDITIONS 
AO, Ai to Output TPHL, VCC = 4.5V 
TPLH 
Enable to Output TPHL, VCC = 4.5V 
TPLH 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


TEMPERATURE . win | 
a 
Ce Ee 
ee ee 
on | vascseo fe | 


(NOTES 1, 2) 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


PARAMETER 


Capacitance Power 
Dissipation 

Input Capacitance 
Output Transition 
Time 


NOTES: 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS | 

iad aaa 
CIN VCC = Open, f = 1MHz cae eae ae 

Shel \ethatielll Sone or en oes 

po [et Ee ae 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


PARAMETERS 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


[eee RAD 
(NOTES 1, 2) | TEMP- peli 7s 
SYMBOL CONDITIONS ERATURE 

VCC = 5.5V, VIN = VCC or GND 
VCC =4.5V, VIN=VCCorGND, | 425°C 
VOUT = 0.4V 
VCC =4.5V, VIN=VCCorGND, | +25°C - 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, +25°C ao 
VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOH = -50nA 


VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOL = 50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
| LIMITS LIMIT 
oe (NOTES 1, 2) TEMP- Pca : 
PARAMETERS — | SYMBOL | CONDITIONS ERATURE | MIN. | MAX | | MIN | MAX | 
AO, A1 to Output TPHL,” | VCC =4.5V +25°C 27 34 
TPLH “ | : od 
Enable to Output TPHL, VCC = 4.5V . +25°C 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


UNITS 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B ae 
PARAMETER SUBGROUP DELTA LIMIT 
fee 
[OL/IOH ae -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test (Preburn-In) ICC, IOVH 

Interim Test I (Postburn-In) ICC, IOL/H 
Interim Test II (Postburn-In) ICC, IOLW/H. 
Interim Test III (Postburn-In) ICC, IOL/H 
Group Ato 


| 
O 
> 


Group B Subgroup B-5 Sample/5005 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


Peete eerie TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 Table 4 ee ee Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% go/no-go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
OPEN GROUND 1/2 VCC =3V + 0.5V VCC = 6V + 0.5V 2s ee 


STATIC | BURN-IN TEST CONNECTIONS (Note1) 


STATIC Il BURN-IN CONNECTIONS (Note1) 


4-7,9-12 A ee CC ee a AC 


DYNAMIC BURN-IN CONNECTIONS (Note2) 


el ee SL ee Se Se 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 


POINT 


VIH 
CL 


VIL 


CL = 50pF 


VOH RL = 5002 = 


OUTPUT 
VOL AC VOLTAGE LEVELS 


a 
a 


fm 
feof 


YOH --------------------. amemmy| |---------- 
80% 80% 


VOL OUTPUT 
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HCTS139MS 


Die Characteristics 


DIE DIMENSIONS: 
2.74 mils x 2.68 mils 
108mm x 106mm 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS139MS 


(14) 2 Ao 
Oo 
A1 1 (3) Oo 
@) 
(13) 2A1 —l 
YO 1 (4) 
S (12) 2Y0 
Y1 14 (5). 
f (11) 27 
¥2 2 (6) 
(10) 2 ¥2 
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SEMICONDUCTOR 


Decem ber 1992 


Features 


3 Micron Radiation Hardened SOS CMOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 


- VIL=0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5uA at VOL, VOH 


Description 


The Harris HCTS147MS is a Radiation Hardened 10- to-4 
line Priority Encoder, pin compatible with low power Schottky - 
TTL(LSTTL). 


The HCTS147MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. - 


The HCTS147MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


Pinouts 
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_Military Temperature Range: -55°C to +125°C. = | 


Radiation Hardened 
10-to-4 Line Priority Encoder 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 


MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 


6 Al Sl a stat a = 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


File Number 3063 


HCTS147MS 


Functional Diagram 


/\ 
as 


11 
3 
IX @ 


Truth Table 
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Specifications HCTS147MS 


Absolute Maximum Ratings Reliability Information a | 

Supply Voltage(VCC) ..... cee ee eect eee eee -0.5V to+7.0V Thermal lmpedance ..............-. Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.......... 2. cece eee 75°C 16°C/W 
DC Input Current, Any One Input.................... Pere +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................0 08 +25mA __‘— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) ne? ORT RS =55°C 10 4100 C 5 5.5.95 ate eet siavacaeoeie aia Qiereieceitie 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec)..............6... +265°C 

Junction Temperature (TJ)... 0... cece cece eee eee +175°C 

ESD Classification s.ccccs sues veg Sepa ser deh ie seu wes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 

Supply Voltage (VCC)... 0... cece eee eee eee +4.5V. to +5.5V = Input Low Voltage (VIL). ......... eee ecw eee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~—s Input High Voltage (VIH)........ Reeve Sidashas ....MVCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max.  * . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP LIMITS 
7 (NOTE 1) A SUB- 5 ©. | 
PARAMETERS SYMBOL _ CONDITIONS . GROUPS TEMPERATURE nai 
Quiescent Current | Ic | VCC =8.v, a ee 
IN = 
VIN = VCC or GND | 2, 3 +125°C, -55°C ced 750 
Output Current lOL VCC = 4.5V, VIH = 4.5V, a eee ee 
(Sink) VOUT = 0.4V, VIL = OV [40 


+125°C, -55°C 4.0 


Output Current IOH VCC = 4.5V, VIH = 4.5V, 
Source VOUT = VCC -0.4V, 
Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
: IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 1,2;3 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 
VCC = 4.5V, VIH =2.25V, : 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


asad | 2,3 | +125°C, -55°C 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A,8B } +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) _ | 


NOTE: 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


425°C, +125°C, -55°C VCC 


ae 425°C, +125°C, -55°C | VCC 


ro) ro) b 
o=h — [es) 
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Specifications HCTS147MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL . TEMPERATURE UNITS 


fm | Max 
ae eo 
2a 


2 
TPHL 10, 11 +125°C, -55°C , 
NOTES: 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


GROUP 
A SUB- 
GROUPS 


(NOTES 1, 2) 
CONDITIONS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eS 
(ial Elana Seapine 2 ee ia 
Input Capacitance CIN VCC = Open, f = 1MHz a 

Output Transition TTHL VCC = 4.5V ae ae 

= [eS FE 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP- 
CONDITIONS ERATURE 


Quiescent Current ICC VCC = 5.5V, VIN = VCC or 
GND ont 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 
200K RAD, VIL = 0.3V at 1M 
RAD, IOL = 501A 


VCC = 4.5V and 5.5V, 

VIH = VCC/2, VIL = 0.8V at 
200K RAD, VIL = 0.3V at 1M 
RAD, IOH = -50HA 
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Specifications HCTS147MS 


(NOTES 1, 2) 
CONDITIONS. 


VCC = 4.5V, VIH = 2.25V, 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Noise Immunity +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
‘ (Note 3) 
input to Output TPLH | VoC=45V ee 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


| 200K RAD 1M RAD 

TEMP- LIMITS LIMITS 

PARAMETERS SYMBOL ERATURE 
FN 
VIL = 0.3V at 1M RAD 
TPHL | VCC =4.5V 
NOTES: 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH tee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


nO 
OD 
OO 
[eioupamee) ___———*dC—SSamietos | azar neato | 
a ee gens 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
CONFORMANCE TEST . READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD _PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V +0.5V VCC = 6V + 0.5V | SOkHz =| 25kKHz 


| STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


Se Oe a ee as ee 


STATIC BURN-IN I] TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) : | 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams ; AC Load Circuit © 
| | DUT TEST 
VIH POINT 
VIL 
VOH 
CL = 50pF 
OUTPUT | RL = 5000 


VOL 


VOH .-------------------- | 


80% 80% kK}  } } — 


VOL OUTPUT 


AC VOLTAGE LEVELS 
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LOGIC 


Die Characteristics | 


DIE DIMENSIONS: 
85 x 101 mils 


METALLIZATION: _ 
Type: SiAl 
_ Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOs 
Thickness: 1 3kA + +2. 6kA 


DIE ATTACH: | 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 


<2.0 x 10°A/cm2 
BOND PAD SIZE: 


— 100mm x 100m. 


4 mils x 4 mils 


Metallization Mask Layout . 


16 (3) 


17 (4) 


18 (5) 


Y2 (6) 


HCTS147MS — 


HCTS147MS 


15 14 
(2) (1) (16) (15) 
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(14) Y3 


(13) 13 


128 


(11) I8 


@ HARRIS HCS151MSs 


Radiation Hardened 
December 1992 8-Input Multiplexer 


Features Pinouts 


¢ 3 Micron Radiation Hardened SOS CMOS 
¢ Total Dose 200K or 1 Mega-RAD(Si) 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity 2 x 10° Error/Gate Day 


(Typ) 
e Latch-Up Free Under Any Conditions 


e Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL = 30% of VCC Max 
- VIH = 70% of VCC Min 


° Input Current Levels li < 5A at VOL, VOH 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW | 


Description 


The Harris HCS151MS is a Radiation Hardened 8-Input Mul- 
tiplexer having three binary control inputs (SO, S1, S2) and 
an active low enable (E) input. The three binary signals 
select one of eight channels. Outputs are both inverting and 
non-inverting. 

The HCS151MS utilizes advanced CMOS/SOS technology 


to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS151MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


on nowt |W DB — 


Truth Table 


| 
Pete le 


ERE EA 
HEE EE 
Pd ee 
eee ceeeeeosooee 
HERE EEE EE 
aoe eee eee ecco 
BE EERE 
CAE EEE 
EEE ERE ERE El 


H = High Level, L = Low Level, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


File Number 3077 
Copyright © Harris Corporation 1992 7-321 
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Functional Diagram 


VVVVVVV VY 
[So |so }SO jso |S0 |so |S6 [so 
L?tst [st si. |] st ST si || st S1 

$2 S2 }]] S2 $2 S2 S2 S2 S2 


get yf Tome 
‘vec ® [U 
GND © Bz so 0 
| | \/ Y 10 
Y YV 


S65 bg $2 
Y Y 
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Specifications HCS151MS 


Absolute Maximum Ratings Reliability Information 

SUDDIV: VONAGO: ses axe Ses Waseda Gn a eas -0.5V to+7.0V Thermal impedance ................ Oa 8 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°CWW 16°C/W 
DC Input Current, Any One Input...............0c eee eee +10mA Weld Seal Flat Pack............... 64°CWW «12°C /W 
DC Drain Current, Any One Output..................2000- +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tc -55°C 10: 4100°C roi shee a ee iainn een eed cauws 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec).................- +265°C 

Junction Temperature (TJ) 2... cc ee ee eee ce eee +175°C 

ESD Classification o:.sanais adds eon View a Kaw vee als Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ss .6% 5105 vsaes ee tae. i Sais +4.5V to +5.5V = Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max _ Input High Voltage (VIH)................4.- 70% of VCC to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = 0V 


IOL 
Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL = OV 


Output Voltage Low VCC = 4.5V, VIH =3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 


Output Voltage High VCC = 4.5V, VIH=3.15V, | 1,2,3 +25°C, +125°C, -55°C 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 1,2,3 +25°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 1.65V -0.1 


Input Leakage 
Current 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| a 3 ' - LIMITS 
| (NOTES 1, 2) 3 | | 
PARAMETER’ | SYMBOL CONDITIONS | . 
Input to Y TPHL VCC = 4.5V. 4 
7 TPLH . : | 


NM 7] NM 
> 


od, 
~J 


Input to Y TPHL | VCC =4.5V +25°C 
Select toY TPHL | VCC=4.5V © : +25°C 
Select to Y TPHL | VCC =4.5V +25°C 


TPHL VCC = 4.5V +25°C 
_. TPLH J... - 


N 


TPHL 
_ TPLH 


1. All voltages referenced to device GND. . ; 7 
2. AC measurements assume RL =.500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| co ree . | LIMITS _ 
PARAMETER SYMBOL CONDITIONS | NOTES ~ TEMPERATURE 
Capacitance Power VCC = 5.0V, f = 1MHz : 
Dissipation . 
. 4 7 1 +125°C 
input Gapacitance | CIN | VCC=Openf-twhz | 1 | 25% 
Output Transition | TTHL | VCC=45v_ 4 s«dtCtS 
— Aso oe ee 
NOTES: oo ee oe : - | 


| +125°C 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. . . 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


200K RAD LIMITS | 1M RAD LIM 
ba? (NOTES 1, 2) Temp. | 200K : seis 
PARAMETERS | SYMBOL CONDITIONS ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND | = | 750 | ae 
Output Current (Sink) OL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 : 
VOUT = 0.4V 
Output Current OH VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 mA 
(Source) VOUT = VCC -0.4V | . 
VIL = 0.30(VCC) at 200K RAD, . 
VIL = 0.12(VCC) at 1M RAD, 
OH 
Input Leakage Current | IN| VCC = 5.5V, VIN = VCC or GND 
FN 


| 

| 

| 

Output Voltage Low VOL VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
e IOL = 50pnA 

V VCC = 4.5V and 5.5V, . 
VIH = 0.70(VCC), | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pnA 


Output Voltage High 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 

| (Note 3) 


Input to Y | TPHL |VvCC=4.5V : - 
TPLH 

Input to Y TPHL | VCC =4.5V +25°C 2 34 34 
TPLH | 


Select to Y TPHL |VCC=4.5V +25°C 37 
TPLH 

Select to Y | TPHL |VCC=4.5V_ 425°C 2. 42 

TPLH 
EtoY TPHL | VCC=4.5V +25°C 24 
: : TPLH ; 
EtoY TPHL {| VCC=4.5V +25°C 2 27 
| TPLH +8 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1", and VO < 0.5V is recognized as a logic “0”. - 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 
PARAMETER SUBGROUP DELTA LIMIT 

resid 

7 
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TABLE 6. APPLICABLE SUBGROUPS 


Oc 
10 


[soonsoos [rebate | 
[sornsoo [Beene fC 
a 


“1 Sample/5005 | ~ 
NOTE: 1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


3 | OSCILLATOR 
V2 VCC =3V+0.5V VCC = 6V + 0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) | . 


a a ce eee ee ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) | 


ne i a ee ee ee ee eee ee 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


NOTES: | . 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 
VIH 
aK) 
VIL 
TPLH 


VOH ---------------------- 


OUTPUT 
VOL 


VOH --------------------- 


80%. 80% 


VOL = OUTPUT - 


PARAMETER 


VCC 


AC Load Circuit | 
DUT TEST 
POINT 
CL AL 
CL = 50pF 
RL = 500Q = 


© 
z, 
oO 
ol 
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Die Characteristics 


-DIE DIMENSIONS: | 
84x 84 mils -_ 
2.13 x 2.138mMmM 


METALLIZATION: 
Type: AISi | 
‘Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


HCS151MS 


~~ BOND PAD SIZE: 0 


100m x 100um 
4x4mils 


Metallization Mask Layout 


SSRSESMEDIEETY (ELSERURREESeS RECHEE tebe Ea 
———— _ 
e+ +] 
. a fewee ere ae 
. H 4 ae 
| sa | (nf |e ete = 
As] NG Neg oo: AS AEE EIS 
— 5 oe FERRE 7, 
et ES ee ° ————— 
Ae fell — — 
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Pere hia HCTS153MS 


- Radiation Hardened 


December 1992 Dual 4-Input Multiplexer 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
° Latch-Up Free Under Any Conditions | 
e Fanout (Over Temperature Range) 


- Standard Outputs............... 10 LSTTL Loads 
e Military Temperature Range........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ........ ..-4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL =0.8V Max 

- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Descrip tion 16 PIN CERAMIC FLAT PACK 
The Harris HCTS153MS is a Radiation Hardened dual MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 
4-to-1 line selector/multiplexer which selects one of four | TOP VIEW 
sources for each section by the common select inputs, SO 

and S1. When the enable inputs (1E, 2E) are high, the out- 1E 40 

puts are in the low logic state. S1 2 

The HCTS153MS utilizes advanced CMOS/SOS technology 113 3 

to achieve high-speed operation. This device is a member of 112 4 

radiation hardened, high-speed, CMOS/SOS Logic Family. 411 5 

The HCTS153MS is supplied in a 16 lead Weld Seal 110 6 

Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- v1 7 

Line Package (D suffix). én : 


Truth Table 


SELECT INPUTS 


: 


Select inputs A and B are common to both sections 
H = High Level, L = Low Level, X = Immaterial 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2463 1 
Copyright © Harris Corporation 1992 7.329 
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Functional Block Diagram 
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Specifications HCTS153MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). 2.0... . cc eee ee eee -0.5V to+7.0V Thermal impedance ................ Gia Qi 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC........... 022 e eee 75°CWW 16°C/W 
DC Input Current, Any One Input.............. ce eee ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............... 0.200 e ee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For la =+55°C 10 4100°C sn ctl Sera ena direatulwere eam 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... ... 2. ce cece ce cee eee +175°C 

ESD Classification ..........c ccc ee cee eeee Sa aimaaes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC). 2... 6. eee eee cee eee +4.5V to+5.5V = Input Low Voltage (VIL)........... cc eee eee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max = Input High Voltage (VIH)................. ee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTE 1) A SUB- 


} Limits | 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE races UNITS 
+25°C 


= wm 
=== vacant [a a fa 
RE 


Output Current VCC = 4.5V, VIH = 4.5V, 
= VCC - 0.4V, 
VOUT = VCC - 0.4 +125°C, -55°C 


VOL | VCC =4.5V, VIH =2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 

VCC = 5.5V, VIH =2.75V, 1,2,3 | +25°C, +125°C, -55°C 

IOL = 50pA, VIL = 0.8V 


(Source) 
VIL =0V 


Output Voltage Low 


Output Voltage High 


VCC = 4.5V, VIH = 2.25V, 425°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 0.8V -0.1 
ial 425°C, +125°C, -55°C | VCC 
0.1 


IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 5.5V, VIH = 2.75V, 
ae ae 
+125°C, -55°C | 5.0 | 


a VCC = 4.5V, VIH = 2.25V, 7, 8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is beatae as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| a GROUP 
(NOTES 1, 2) A SUB- 
SYMBOL CONDITIONS — | GROUPS 


PARAMETER 


TEMPERATURE 
| +25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 
425°C. 
- +125°C, -55°C 
+25°C 
+125°C, -55°C | 
+25°C | 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


Input to Output 


Select to Output 


Enable to Data 


NOTES: | 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. : 


~ 0 - TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
PARAMETER | SYMBOL | — CONDITIONS NOTES ° 
Capacitance Power ‘CPD VCC =5.0V,f=1MHz ~ 
Dissipation . 
Input Capacitance VCC = Open, f= 1MHz | 
Output Transition TTHL VCC = 4.5V 
Time ..: TTLH : Z 


NOTES: 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are.guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


a 

TEMPERATURE | MIN | MAX | UNITS 

2 +125°C 
+25°C 
+125°C. 
+25°C 

— +125°C 


1 . 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 

Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 

(Source) VOUT = VCC -0.4V | 


200K RAD 1M RAD 
os LIMITS. LIMITS | 
. | ERATURE 


Pan [wax 
fea 
ial eel 


(NOTES 1, 2) 


0 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL ERATURE UNITS 
— | 
Output Voltage High VCC 


VCC = 5.5V, VIN = VCC or GND 


VOL 
VOH 
FN VCC = 4.5V, VIH = 2.25V, +25°C 
| VIL = 0.8V at 200K RAD, 
| | VIL = 0.3V at 1M RAD (Note 3) 
Input to Output VCC = 4.5V 


é +2 
TPLH |vcc=4.5V 
Select to Data TPHL | VCC =4.5V 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V or 5.5V, VIH = VCC/2,. 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

OL = 50pA 


VCC = 4.5V or 5.5V, VIH=VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -50HA 


oO 
+ 
oO 


Input Leakage Current 


< 
Q 
Q 


Noise Immunity 
Functional Test 


» 
ie) 


e 


+ 
4 
3 


o> 


5S 
fo) 


8 


2 
a ga c= mromnnenees 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


Le) 
aS 


3 
2 


2 


8 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER’ SUBGROUP - DELTA LIMIT . 


YS 
IOL/IOH i Soe, -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Friar Test Preburiny | —tooweoos [9 =U 
a 
ito Tost Postmen) «dC taorasooe [CS 
a 
[croup awa) _—SS—*d;CSamlsoos | a7 0A OBO. | 
ee ee eee 
[sanpiasoos [427 en 00,0000 | 


1. Alternate group A inspection in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL -_DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 


GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
-1-6,8,10-15— 


OSCILLATOR 


VCC =6V + 0.5V 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


a 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit 


VIH 
VIL 
TPLH 
VON eseteccciecsccsh-c622 || piesa 1 2oSeneba sso 


OUTPUT 


80% 80% 


OUTPUT 


DUT TEST 
POINT 
CL = 50pF 


RL = 5002 


AC VOLTAGE LEVELS 


PARAMETER 


LOGIC 
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Die Characteristics 


DIE DIMENSIONS: | 
2.13 x 2.13 mils | 
84mm x 84mm 


METALLIZATION: 
“Type: AlSi 
Metal Thickness: 11kA + 1kA 7 
GLASSIVATION: 
Type: SiO. sot 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy | 
WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: . | | rs 
= 4 QOuM x1 OOpM nr 


4x4mils 


Metallization Mask Layout 
: HCTS153MS 
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(13) 213 


(12) 212 


(11) 211 


(10) 210 


bP or tr HCS154MS 


| Radiation Hardened 


Decsmber1902 | | 4-to-16 Line Decoder/Demultiplexer 
Features | Pinouts 
24 PIN CERAMIC DUAL-IN-LINE 
¢ 3 Micron Radiation Hardened SOS CMOS - MIL-STD-1835, DESIGNATOR CDIP2-T24, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse Yo vec 
¢ Cosmic Ray Upset Immunity <2 x 10°9 Errors/Gate Day 1 ae 
(Typ) i a At 
Y3 A2 
¢ Latch-Up Free Under Any Conditions 14 A3 
e Military Temperature Range: -55°C to +125°C Y5 yj E2 
| | Ye ej E1 
¢ Significant Power Reduction Compared to LSTTL 7 Tas 
ICs Ys | 14 
e DC Operating Voltage Range: 4.5V to 5.5V Y9 ¥13 
¢ Input Logic Levels ba = 
- VIL = 30% of VCC Max ; 
- VIH = 70% of VCC Min 
¢ Input Current Levels li < 5uA at VOL, VOH 
Description 24 PIN CERAMIC FLAT PACK 


The Harris HCS154MS is a Radiation Hardened 4 to 16 


MIL-STD-1835, DESIGNATOR CDFP4-F24, LEAD FINISH C 
line Decoder/Demultiplexer with two enable inputs. A high | 


TOP VIEW 


on either enable input forces the output to a high state. Yo os io py YO 
The Demultiplexing function is performed by using the YO 2 an 
four input lines AO to A3 to select the desired output ye) 3 _— A 
States. > 6S ——e SS 4 caged AA, 
The HCS154MS utilizes advanced CMOS/SOS technol- ——— $$ 
ogy to achieve high-speed operation. This device is a ea Sa |b — 
member of radiation hardened, high-speed, CMOS/SOS ere a4 SSS 
Logic Family. Y7 (| [ee ee ee Y15 
Ys es FS (5 F-| 
The HCS154MS is supplied in a 24 lead Weld Seal 10 <j 113 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual- 10 = VI 
In-Line Package (D suffix). chp eee 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2479.1 


Copyright © Harris Corporation 1992 
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‘Truth Table 
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. INPUTS. 
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Specifications HCS154MS 


Absolute Maximum Ratings Reliability Information 

SUDDIY VOWAGO ss sucad ye pce e ds ee sawed we Saaeca an -0.5V to+7.0V Thermal Impedance ................ Oia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ....... 0. eee 75°CIWW 16°C/W 
DC Input Current, Any One Input............... 0.00 e ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................2008- +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T= =55°C 10 F100 OC’... oki con gisant sesh en eee cio 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) ..... 2. ccc ccc ee ee eee +175°C 

ESD Classification xc :..<.c5 sis n eae tes sae eee ees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage ccs bak ee Aaa Geis baewwwses +4.5V to+5.5V = Input Low Voltage (VIL)...............006. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max = Input High Voltage (VIH)...............6.. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


"(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


Output Voltage Low VCC = 4.5V, VIH = 3.15V, 


IOL = 50p/A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
lOL = 50pA, VIL = 1.65V 


Output Voltage High VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOH = -50#1A, VIL = 1.65V 


Output Current | VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
V 
V 


cc 
OL 
OH 
OL 
OH 
FN 


Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 
GND 


Noise Immunity VCC = 4.5V, 
Functional Test VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — | 


(NOTES 1,-2) GROUP A ees) = se 
PARAMETER SYMBOL CONDITIONS * SUBGROUPS TEMPERATURE > wre UNITS 


2S : : a ; . 2 : : ¥ a if . + 3 : 34 ie rn 


ee Ee vesose0 | 2? | 7 | = 


NOTES: 
1, All voltages referenced to device GND. 
- 2. AC measurements assume RL = 500Q, CL = 50pF, Input TR= TF = 3ns, VIL = GND, VIH = VCC. 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


aera 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 


Capacitance Power VCC = 5.0V, f = 1MHz eae Pa Ce et 44 am 
eae a ea ~4128°C Typical 49 
Input Capacitance VCC = Open, f = 1MHz 


Output Transition TTHL VCC = 4.5V 
Time TTLH 


ee a a 
a 

NOTE: ; 

_ 1. The parameters listed in Table 3 are controlled via design or process parameters. Min and J Max Limits are guaranteed but not directly 


+125°C 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP. 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Quiescent Current —— VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink)... VCC = 4.5V, VIN = VCC or GND, +25°C mA .- 

VOUT = 0.4V 5 
Output Current VCC = 4.5V, VIN = VCC or GND, | 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 502A 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 


FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Output Voltage High 


Input Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K RAD LIMITS 
INOTES 1,2) remp. | 200K RADLIMITS | 
PARAMETERS SYMBOL CONDITIONS ERATURE | MIN 


Trea [veomaey idee fe 


Enable to Output TPLH VCC = 4.5V +25°C 
TPHL 


NOTES: ‘ 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOLV/IOH Ke -15% of 0 Hour . 


TABLE 6. APPLICABLE SUBGROUPS 


[Sieweoee | Sarmeeos | we | 
[oom «dC Sampson | arenes 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS PRE RAD POST RAD -PRE RAD POST RAD . 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
1/2VCC =3V+0.5V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 
eee To ee 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams . | AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL = 5002 = 


VOL 


VOH .-------------------- 


80% 80% 


VOL OUTPUT 
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Die Characteristics 
DIE DIMENSIONS: | 

85 x 101 mils 

2.16 x2.57mm 
METALLIZATION: 

Type: AlSi 

Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy 


WORST igece abit DENSITY: 
2.0 x 10°A/cm? 

BOND PAD SIZE: 
100unm x 100m 
4x4mils 


Metallization Mask Layout 
HCS154MS 
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FARRIS 


SEMICONDUCTOR 


December 1992 - 


Features 


3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 


- Standard Outputs.............. .10LSTTL Loads . 


Military Temperature Range ........ -55°C to +125°C 


_ Significant Power Reduction Comparedto LSTTLICs | 


DC Operating Voltage Range ........... 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5uA at VOL, VOH 


Description 


The Harris HCTS157MS is a Radiation Hardened quad 
2-input multiplexers with select-and enable inputs. 


The HCTS157MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCTS157MS is supplied in a 16 lead Weld Seal 


Ceramic flatpack (K suffix) or a Weld’Seal Ceramic Dual-In- 
Line Package (D suffix). 


Truth Table 


H = 
L= 
X= 


High Level | sie 
Low Level . 310 
Immaterial 


HCTS157MS 


Radiation Hardened 
Quad 2-Input Multiplexers 


Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH Cc. 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F 16, LEAD FINISH C 


TOP VIEW 


OnNOaeon = 


-_ 
NO 


0 4Y 
2 3Y 
_ 3 CIRCUITS IDENTICAL TO CIRCUIT 7 
IN ABOVE DASHED OUTLINE 9 2Y 
44 1¥ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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File Number 2464.1 


Absolute Maximum Ratings 


Specifications HCTS157MS 


Reliability Information 


Supply Voltage (VCC)... eee cee ee eee eee -0.5V to+7.0V Thermal impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............0006. 75°CIW 16°C/W 
DC Input Current, Any One Input................. 00 cee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............... cece eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For tg = "65 ClotI00'C sc .citeeccepiceedeweaes tue es 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C......... Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)...............06. +265°C 

Junction Temperature (TJ)... 6... ccc ee cece eee eee +175°C 

ESD CIASSINCAlION 6053...00 ecco te wave eae hawwen ees Class 1 . 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 


damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 


under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC). ...... ee eee eee ee ee eee +4.5V to +5.5V ‘Input Low Voltage (VIL)............. by eweewe ous 0.0V to 0.8V. 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH).........-.. cece een eee VCC/2 to VCC 
Operating Temperature Range (Tp) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 
Output Current 
(Sink) 


Output Current 
(Source) 


} LIMITS | 
(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


TEMPERATURE rues 
425°C poe | 4 
+125°C,-55°C | - | 7 
a8 9a 
[rare a6 [00 
ase [a 
as ee 


ae 
23 
a! 
| 23 | 
Ped 
all 425°C, +125°C, -55°C 
ae 
23 | 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV 


+25°C, +125°C, -55°C ae 

+25°C, +125°C, -55°C VCC 
0.1 

+25°C, +125°C, -55°C 
0.4 


seas 
(ese. [so [ 5 
NOTES: 


7, 8A,8B | +25°C, +125°C, -55°C 
1. All voltages referenced to device GND. 


2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


Input Leakage . 
Current 


BLS 


Noise Immunity 
Functional Test 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 

VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


7-345 


o 
Oo 
Oo 
a 


Specifications HCTS157MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP | . 
— (NOTES 1, 2) A SUB- . 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
Data to Output TPHL VCC = 4.5V 


me 
cm 
tte a 
2 
or 


5°C 


| 
+125°C, -55°C. 
: 


2 
Enable to Output TPHL | VCC =4.5V 
. 10, 11 +125°C, -55°C 
| | 10, 11 +125°C, -55°C 
Select to Output TPHL | vCC=45V0 _ as 
- 10, 11 +125°C, -55°C 


| . . 10, 11 +125°C, -55°C 


NOTES: — . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C 
+125°C 
+25°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


) 200K RAD 1M RAD _ 
— LIMITS LIMITS 
PARAMETERS SYMBOL ERATURE | MIN. | MAX — | MIN. | MAX | 
Output Current (Sink) lOL VCC = 4.5V, VIN = VCC or GND, +25°C mA 
VOUT = 0.4V 
Output Current 1OH VCC = 4.5V, VIN = VCC or GND, +25°C mA 
(Source) VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
(NOTES 1, 2) 


200K RAD 1M RAD 
| ee LIMITS 
PARAMETERS SYMBOL CONDITIONS ERATURE 
RAD, VIL = 0.3V at 1MRAD, ~ 
VIL = 0.8V at 200K RAD, 
TPHL |VCC=4.5V 2 
+ 


LIMITS 

Output Voltage Low VCC = 4.5V and 5.5V, +25°C 

VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

IOL = 5OpA 

IOH = -50pA 

VIL = 0.3V at 1M RAD (Note 3) 
Data to Output = 4, 

TPLH | VCC =4.5V 


VCC 


ao 


Input Leakage Current 


Noise Immunity 
Functional Test 


oO 


e 


fe 


VOL 
VOH | | 
VIH = VCC/2, VIL = 0.8V at 200K 
VCC = 4.5V, VIH = 2.25V, 
TPLH | VCC=4.5V 


Select to Output VCC = 4.5V 2 
TPLH | VCC=4.5V 2 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+ 
3 
2 
2 
2 


oO 


Output Voltage High I VCC = 4.5V and 5.5V, 425°C | VCC 
VCC =5.5V, VIN= VCC orGND | 425°C 
2 
2 
Enable to Output TPHL | vCC=4.5V 2 
+2 
2 


3 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
| °°. PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH Sa Se -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


a 
[eomatiey __—_—*id|Sammens | naarenenaqan | 
ee ae ss ee Se anna 
[eco Cid; arttos (aT NCBEION | 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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'. TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE : TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD_ POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


4,7, 9, 12 1-3, 5, 6, 8, 10, 11, 
13 -15- 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


4,7,9, 12 1-3, 5, 6, 10, 11, 
13-16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) | 


4,7,9, 12 — 2, 3, 5, 6, 10, 11, 
13, 14 


NOTES: 
1. Each pin except VCC and GND will have ¢ a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


4,7, 9, 12 a: ae 1, 2,3, 5,6, 10, 11, 13-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 
VIH 
x= > 
VIL ' 
TPLH 


VOH --------------------+- | peer, | -~---------. 


OUTPUT 
VOL 


VOH .-------------------- eeeceneree 
80% 80% 


AC VOLTAGE LEVELS 


PARAMETER 


[eo 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 — 
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_ Die Characteristics 
DIE DIMENSIONS: 
. 84 x 84 mils | 
METALLIZATION: 
Type: SiAl : 
Metal Thickness: 11kA + 1kA 
- GLASSIVATION: 
Type: SiO, : 
Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 
BOND PAD SIZE: 
100m x 100nm 


... 4 mils x.4-mils--- -— - —- - 


Metallization Mask Layout 
HCTS157MS _ 


vcc | 


(1) (16) 


411 (3) 


1Y (4) 


2io (5) 


2i1 (6) 
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(11) 310 
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BrHarris § HCTS160MS 


Radiation Hardened 


December 1992 / 8 : Synchronous Counter 
Features | Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 


Total Dose 200K or 1 Mega-RAD(Si) | TOP VIEW 
Dose Rate Upset >10'° RAD(Si)s 20ns Pulse | 
° Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day 


vcc 
e Latch-Up Free Under Any Conditions 15] TC 
e Fanout (Over Temperature Range) - _ | 14} Qo 
- Standard Outputs............... 10 LSTTL Loads 13] Qt 
e Military Temperature Range........ -55°C to +125°C 12] Q2 
Q3 
e Significant Power Reduction Compared to LSTTL ICs = - 
e DC Operating Voltage Range ........... 4.5V to 5.5V ro] SPE 
e LSTTL Input Compatibility . , 7 
- VIL=0.8V Max | 


- VIH = VCC/2 Min 
Input Current Levels li < 5uA @ VOL, VOH 


ed 7 16 PIN CERAMIC FLAT PACK 
Description MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINSIH C 


TOP VIEW 
The Harris HCTS160MS is a Radiation Hardened high. 
speed presettable BCD decade synchronous counter that } 


features an asynchronous reset and look-ahead carry logic. MR : 

Counting and parallel presetting are accomplished synchro- cP S 

nously with the low-to-high transition of the clock. A low level Po re! 
_! 


on the synchronous parallel enable input, SPE, disables py 
counting and allows data at the preset inputs, PO - P3, to be 
loaded into the counter. The counter is reset by a low on the 
master reset input, MR. Two count enables, PE and TE are 
provided for n-bit cascading. TE also controls the terminal PE 
count output, TC. The terminal count output indicates a max- GND 
imum count for one clock pulse and is used to enable the 

next cascaded stage to count. 


The HCTS160MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS160MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


1 
2 
3 
4 
5: 
6 
7 
8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2484.1 
Copyright © Harris Corporation 1992 7-351 


| | HCTS160MS 
‘Truth Table 
ome {| SPE {Pn 
Px [ x | x | 
re ee ae a 
ee 
a I 
ee {ox 
Loe 


| an 
ae 
hae 
pH 
| qn | (Note “ 
pan | 


PE 
Px 
fKe 
ented 
Pah! h (Note 3) 


eee Ce 


H = HIGH Voltage Level 

L = LOW Voltage Level . 

h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition 

|= LOW voltage! level one setup time prior to the LOW-to-HIGH clock transition - 

~-X = Immaterial ~ can - a 
q = Lower case letterindicate the state of the referenced output prior to the LOW-to-HIGH clock transition 
_/ = LOW-to-HIGH clock transition 


NOTES: 


1. The TC output is HIGH when TE is HIGH and the counter is at terminal count (HHHH for 161 and HLLH for 160) 
2. The HIGH-to-LOW transition of PE or TE on the 54/74161 and 54/74160 should only occur while CP is high for conventional operation 
3. The LOW-to-HIGH transition of SPE on the 54/74161 and 54/74160 should only occur while CP is high for conventional operation 


Functional Block Diagram 


SPE 
MR 
cP 
Q3 Q3 
\/ 
PE ’ 
TE 


0 11 
Q1 
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Absolute Maximum Ratings . Reliability. Information 

Supply Voltage (VCC)... 2.0... . cee eee eee eee -0.5V to+7.0V Thermallmpedance ................ Oia 0, 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............0.006- 75°CW 16°C/W 
DC Input Current, Any One Input..................2.00 00 +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............... 0. e eee +25mA ___— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) _ For Te = "59°C to 4100 Os ect ewido das ee eee 1wW 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) 2.0.0... cece cece ee ee eee +175°C 

ESD Classilicalion 15.6154 coh ones oa eee Redes ee ele Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ...... 2... eee eee eee +4.5V to +5.5V = Input Low Voltage (VIL)............. 2.0... eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH).......... 0... eee eee ee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS || TEMPERATURE 


PS 


VOUT = VCC - 0.4V, 


VIL = OV +125°C, -55°C -4, 0 


VIN = VOC of GND a 
VCC = 4.5V, VIH =2.25V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, r= +25°C, +125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 
peer: 0.4V, VIL = OV 


Quiescent Current 


Output Current 
(Sink) 


> 
ro) 


oa S & 
on] an ee 


VCC = 4.5V, VIH = 4.5V, 


Output Current 
(Source) 


Output Voltage Low 


—_ 


Output Voltage High 


IOH = -50pA, VIL = 0.8V 


IOL = 5OpA, VIL = 0.8V 
+25°C, +125°C, -55°C VCC 


VCC = 4.5V, VIH = 2.25V, 
+25°C, +125°C, -55°C VCC 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
VCC = 4.5V, VIH = 2.25V, 425°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage 
Current 


Noise Immunity | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 


PARAMETER SYMBOL |. _—CONDITIONS TEMPERATURE 

‘CP to QN ‘TPHL | vCC=4.5V — a ee 
eS el ee ccs ee 
ee 
Leer ae 


10, 11 +125°C, -55°C © 


GROUP 
A SUB- 
GROUPS 


LIMITS 


CP to TC 


24 


Ween Ay 
sera 10, 11 +125°C, -55°C 
~TPLH 


To 

ai 

| ioc Ca 
— ce 


| | 10,11 | - 425°C, -55°C 
TPHL | VCC =4.5V 
NOTES: 


1. All voltages referenced to device GND. 


| +125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


8 


TE to TC 


VCC = 4.5V 


i 
4 
} 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | LIMITS _ 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN. | MAX | UNITS 
Capacitance Power VCC = 5.0V, f= 1MHz . Typical 69 
Dissipation | 


ee 
Input Capacitance CIN VCC = Open, f = 1MHz a ee ee ee ae 
a 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


7-354 


Specifications HCTS160MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K LIMITS 1M | MLIMITS 
(NOTES 1, 2) | 200K LIMITS | 
SYMBOL CONDITIONS ERATURE UNITS 


VCC = 5.5V, VIN = VCC or GND +25° 


VCC = 4.5V, VIN = VCC or GND, +25° 
VOUT = 0.4V 


VCC = 4.5V, VIN = VCC or GND,  -+25° 
VOUT = VCC -0.4V 


PARAMETERS 


= [a 


Quiescent Current 
Output Current (Sink) 


Output Current 
‘1 (Source) 


Output Voltage Low 


+25°C 


p 

no b m 
MN 7 Mh Gq | NM + 5 
oO} © mM} Oo on oO 


VCC = 4.5V and 5.5V, VIH = VCC/2, +25°C VCC vcc 


VIL = 0.8V at 200K RAD, 


Output Voltage High 


VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND +25° 


+25°C | 


yA 


| ail 


Input Leakage Current 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume AL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 
Functional Test 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, VIL = 0.3V at 
1M RAD, IOL = 50pA 


CP to QN 


CP to TC 


TE to TC 


! > 
no =) S 
NI oO 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


{OLIOH +} -15% of 0 Hour 
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_ -. TABLE 6. APPLICABLE SUBGROUPS : 
OC 


rn 
Oc 
[Feartet——SSSCS~*dC roscoe [eka 
[eomawawy _———~*d?CS arisen | arenes | 
a 5 5 een So ee 


~Sample/6005 | 1,2, 3, 7, BA, 8B, 9, 10, 11 


~{ GroupD 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. | 


TABLE 7. TOTAL DOSE IRRADIATION 


AD AND 
CONFORMANCE TEST | READ AND RECORD 
GROUPS PRE RAD POST RAD | PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% go/no-go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
W2VCC=3V+0.5V | VCC=6V+0.5V | 50kHz | 25kHz | 


STATIC | BURN-IN 


STATIC Il BURN-IN — . 


ee eT 


DYNAMIC BURN-IN 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


VIH 


VIL 


VOH ---------------------- 


OUTPUT 
VOL 


VOH --------------------- 


80% 80% 


VOL OUTPUT 


7-357 


DUT TEST 
POINT 
= 50pF 


ps 5002 


AC VOLTAGE LEVELS 


PARAMETER 


© 
O 
re) 
oad 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? | 


BOND PAD SIZE: 


4 mils x4 mils 


Metallization Mask Layout 
HCTS160MS 


vec 
(16) 


Hea! Ac ef 
ae 4 ile it J. owls sil ia 
r See i, 


Po (3) 


Pt (4) 
| a iti te Wreck: ie | 
ts peees |i (EM - UE A Ua q a f : 

il gl eth) aria 

P2 (5) "il le ae 

P3 (6) 
cic 

PE (7) r= Ves 

(8) (9) i) 
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BA fecae] (18) Te 


(14) Qo 


(13) Q1 


(12) Q2 


(11) Q3 


SEMICONDUCTOR 


@) HARRIS 


HCS161MS 


Radiation Hardened 


December 1992 Synchronous Counter 
Features Pinouts 
¢ 3 Micron Radiation Hardened SOS CMOS -_ 16 PIN CERAMIC DUAL-IN-LINE 
¢ Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835, DESIGNATOR CDIP2-T16, LEAD FINISH C 


TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 

e Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 

e DC Operating Voltage Range: 4.5V to 5.5V 

e Input Logic Levels 


- VIL =0.3 VCC Max 
- VIH = 0.7 VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS161MS is a Radiation Hardened 4-Input Baan 
synchronous counter featuring asynchronous reset and look- 16 PIN CERAMIC FLAT PACK - 

ahead 1 carry logic. The HCS161 has an active-low master resetto | MIL-STD-1835, DESIGNATOR CDFP4-F16, LEAD FINISHC — 
zero, MR. A low level at the synchronous parallel enable, SPE, TOP VIEW 

disables counting and allows data at the preset inputs (p0 - p3) to 

load the counter. The data is latched to the outputs on the posi- MR 
tive edge of the clock input, CP. The HCS161MS has two count cp 
output, IC. The terminal count output indicates a maximum count Po 
for one clock pulse and is used to enable the next cascaded 
stage to count. 


o 
Oo 
Oo 
hs 


an nw a2 on = 


P2 
The HCS161MS utilizes advanced CMOS/SOS technology to P3 
achieve high-speed operation. This device is a member of Se 
radiation hardened, high-speed, CMOS/SOS Logic Family. ae 


The HCS161MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 


a | 
aa AE 


Parallel Load 


—— 
ee 
xe 


H = High Level, L = Low Level, X = Immaterial, _/ = Transition from low to high 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2469.1 
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HCS161MS 


_ Functional Diagram 
3 4 
O—> 16 \ / 
GND ] 
o— 8 
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-Absolute Maximum Ratings | Reliability Information 

Supply Voltage . <5 456s ce es ed dest uses a wes -0.5V to+7.0V Thermal Impedance ................ Oa «Oe 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2.2... cc cee ee eee 75°C/WW 16°C/W 
DC Input Current, Any One Input..................-0. eee. +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.............. 0.0.00 eee +25mA ‘Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOF Ta S00 C10 4 100°C 6 ce chacaesueienen essa wed ... 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta, = +100°C to +125°C........ Derate Linearly at 183mW/C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ) .... 2... ccc eee ce eee eee +175°C 

ESD Classification’ ox css.e0e es ae dae Sa4en eee sesn es Class 1_ 


- CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

SUDDIV VONAGE ees. dies NG s eae Hed howd +4.5V to+5.5V ‘Input Low Voltage (VIL)..............0000. 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH)........... 2.006. 70% of VCC to VCC 
‘Operating Temperature Range (Ta) ............ -55°C to +125°C | 


- TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) | 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Quiescent Current Veo =5.5V, 
VIN = VCC or GND 


Output Current VCC = 4.5V, VIH = 4.5V, a ae ee 
(Sink) VOUT = 0.4V, VIL = OV ae 
Output Current. VCC = 4.5V, VIH = 4.5V, 


+125°C, -55°C 
(Source) VOUT = VCC -0.4V, 


VIL = OV +125°C, -55°C ~4. 0 


ae 

| 23 | 

Leics 

| 23 | 

ae 
VCC = 4.5V, VIH = 3.15V, ae_—_— 
IOL = S0pA, VIL = 1.35V 

t— 

| 23 | 


GROUP 
A SUB- 
GROUPS 


LIMITS 


_Qutput Voltage Low 


VCC = 5.5V, VIH = 3.85V, 


JOL-= 50pA, VIL = 1.65V 


‘VCC = 4.5V, VIH = 3.15V, 
IOH = -S0p/A, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = 


Output Voltage High 


+25°C, +125°C, -55°C | VCC 
-0.1 

425°C, +125°C, -55°C 
-0.1 


+125°C, -55°C +5.0 


+25°C, +125°C, -55°C 


-50nA, VIL = 1.65V 


Input Leakage 
Current 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) 


Noise Immunity 
Functional Test 


NOTE: 


7, 8A, 8B 
1. All voltages reference to device GND. 


‘2. For functional tests, VO 2 4.0V is recognized as a logic “1”, a VO s 0.5V is recognized as a logic “O”. 
\ 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS 


A SUB- 
TEMPERATURE 


GROUPS cn 
es ees 
| 111 | asrc-sse {2 | 
a a ee ee 
ce a 
[ee ee 
et | | 2 | 
ae a = 
| 10,14 om 
Ee eae 

2 


a | (NOTES 1,2) 
PARAMETER | SYMBOL CONDITIONS — 


CPtoQn ee i eer | 
eee yes TPLH a | 
CP to TC TPHL | VCC =4.5V 
| TPLH 
| TEtoTC . a eee | 
TPLH 7 = 
nl nk 28s 


VCC = 4.5V 


.  +125°C, -55°C © 
+125°C, -55°C 


lie 10,41 J 


NOTES: . | 
1. All voltages referenced to device GND. - “ud 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. ~ 
| : TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS. . 
te ot Se - LIMITS 
PARAMETER SYMBOL } CONDITIONS | NOTES TEMPERATURE 
Capacitance Power CPD | vCC=5.0V,f=1MHz — 
Dissipation ae oss 
Cl 


+125°C Typical 56 


we ee 

ame 

Output Transition Veo=48V ae ee ee 

NOTE: . 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but'not directly 
tested. These parameters are characterized upon initial design release and upon design changes which:affect these characteristics. 


| TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


VCC =-4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 


VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K RAD LIMITS | 1M RAD LIMITS 
; (NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Input Leakage Current | IN| VCC = 5.5V, VIN = VCC or GND 


Noise Immunity FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Functional Test 
CP to Qn TPHL |vCC=4.5V | 2 


ao 
+ 
oa 


oO 
oO 


e 


+2 
ane Ss 2 emenemaant ec 
+2 

2 
2 
2 


to) on 
(¢) Ga 


A E 


fe 


+ 

ees 

3 

4 

4 

2 
Lic 


; 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


a 


5 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GRouPB- | 
PARAMETER SUBGROUP DELTA LIMIT 
IOLIOH 15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


a OD 
Pomona 
[Pratet——SS*dCcooe RP 
[comacet) | Senpisoos | na sreenermn | 
[ senpacoos | vasrenemaan f 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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| | . —* TABLE 7. TOTAL DOSE IRRADIATION - oe 
CONFORMANCE ae 4 | TEST READ AND RECORD 
_ GROUPS | PRE RAD POST RAD PRE RAD POST RAD : 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
vevec=3v+0.sv | VCC=6V+0.5V ee 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


~ STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN | TEST CONNECTIONS (Note 2) 


ee ee 5 ae Se ae 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 
VIH 
xX=> 
VIL 
TPLH 
VOH ---------------------- | pom, =| -- - - - ---- -- 


OUTPUT 
VOL 


VOH --------------------- 


80% 80% 


OUTPUT 


VOL 


PARAMETER 


AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5002 = 


LOGIC 
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Die Characteristics . 
DIE DIMENSIONS: 


104 x 86 mils 
2650 x 2190mm 


METALLIZATION: 
Type: AlSi 


Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiOz 


Thickness: 13kA + 2.6kA 


DIE ATTACH: 


Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


“BOND PADSIZE: 2 = 


100um x 100um 
4x4mils 


Metallization Mask Layout 


PO (3) 


P1 (4) 


P2 (5) 


P3 (6) 


PE (7) 


HCS161MS 


HCS161MS 
cP MR vcc 
(2) (1) (16) 


BURARGINS Tr AAO MRHRRAAT BRAR RASA ABA aes 
ofl] See He 25 Lo HEy 7 
' ae | ie a ey : "re — —_ : | 
om © ee (15) TC 
it ar AR 


lee i Ae seu fs aed, 


= 


Hy | 


onsen, 3 


(14) Qo 


us ree 


(12) Q2 


es 
> 
o fy ’ 
~~ . 
a. of: 
f : eee 
e, 
3 rs °° 
. tt = 
ree 
aie 
° ' 
ain! 
if t 
heat ‘ 
os Oo 
VT _- ae 
x. g&e-: 
i a 
=) 
: t 
‘ al 
.§ : 
Oo ame 
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. 
t- os 
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a} se 
Cae ay 


(11) Q3 
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ie 


ia. ii i i Eales} 


a) <1 


7-366 


SEMICONDUCTOR 


tia) FARRIS 


HCTS161MS 


Radiation Hardened 


December 1992 Synchronous Counter 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS | 16 PIN CERAMIC DUAL-IN-LINE 
« MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 


¢ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(SI)s 20ns Pulse 

° Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 


TOP VIEW 


Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C | 


controls the terminal count output, TC. The terminal count output 
indicates a maximum count for one clock pulse and is used to | GND 
enable the next cascaded stage to count. 


The HCTS161MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS161MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Description TOP VIEW 
The Harris HCTS161MS high-reliability high-speed presettable aes 
four-bit binary synchronous counter features asynchronous reset a ae ee 
and look-ahead carry logic. The HCS161 has an active-low mas- cP 2 Te 
ter reset_to zero, MR. A low level at the synchronous parallel PO 3 Qo o 
enable, SPE, disables counting and allows data at the preset Pt 4 rey | 4 
inputs (PO - P3) to load the counter. The data is latched to the p2 5 Q2 _! 
outputs on the positive edge of the clock input, CP. The P3 ¢ a3 
HCTS161MS has two count enable pins, PE and TE. TE also - : ee 

8 


wo 
oO 
m 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2144.1 
Copyright © Harris Corporation 1992 7-367 
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Functional Diagram 
PO Pi P2 P3 Qi Q2 Q0Q3 


10 
TE ¢ P: 


“| 

n°] 

m, 
o 

oe 


> 
ores! oe Y V YY V 


b 14 b 13 , 42 O11 $415 
Q0 at a2 Q3 TC 
Truth Table 


INPUTS” | OUTPUTS 


ee 
GrERATING MODE [MR [ee ee ee re 
a | 


Parallel Load 


Inhibit 


H = High Level, L = Low Level, X = Immaterial, 

h = HIGH-voltage level one setup time prior to the LOW-to-HIGH clock transition, — 

| = LOW-voltage level one setup time prior to the LOW-to-HIGH clock transition, 

q = Lower-case letters indicate the state of the referencedoutput prior to the LOW-to-HIGH clock transition. 
_/ = Transition from low to high 


NOTES: 
1. The TC output is HIGH when TE is HIGH and the counter is at Terminal count (HHHH). 
2. The HIGH-to-LOW transition of SPE should only occur while CP is HIGH for conventional operation. 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 2... eee eee eee eee -0.5 to+7.0V Thermal lmpedance ................ Gia 8. 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............0206. 75°CIW 16°C/W 
DC Input Current, Any One Input..................e ee eens +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................0000- +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Ta 59°C 10 4100 Ce st baci ey Ode tine eee a cewisie’s 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 1i8mW/C. 
Lead Temperature (Soldering 10sec)..............6.6- +265°C 

Junction Temperature (TJ) ....... ccc eee eee eens +175°C 

ESD: Classilicalion:. 66.0s.asie49 x es.eud ee eee eee eae es Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage (VCC). ...... 0... cece ewe eee +4.5V to+5.5V = Input Low Voltage (VIL)... ...... cece eee eee eee 0.0V to 0.8V — 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH)............... 0. eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...... ere iss -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS. 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS ‘Groups |. TEMPERATURE UNITS 


ee 
0 


Quiescent Current ICC VCC = 5.5V, 
IN=V 
eae ee ee +125°C, -55°C 


eed 
ee) © ee ete ee 
bees! oe 


(Source) 


IOL 
Output Current 1OH VCC = 4.5V, VIH = 4.5V, 
+125°C, -55°C 


2, 
2, 
{ 
VOUT = VCC -0.4V, 
VCC = 4.5V, VIH = 2.25V, 1,2,3 | +25°C, +125°C, -55°C ee ay 
ae " a sil he kal 
1,2, 425°C, +125°C, -55°C | VCC 
0.4 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V - 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50A, VIL = 0.8V 


IOL = 50pA, VIL = 0.8V 
3 
oe nus i: 
-0.1 


a 


yA 


1. All voltages reference.to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP | 
A-SUB- 


7 7 aaa (NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS GROUPS in | 
CP to Qn TPLH | VCC =4.5V | a a eee eee 
ee 
Ce ee 
- ee 


| 10, 11 +125°C, -55°C_ 


ee 
hel ol ee 
=a 


| 10,11 - +125°C, -55°C 


TE to TC VCC = 4.5V 


25 
30 
37 
22 
34 
41 


ee 

| p10 tt | Lena 

THL | Veo=4.v ee ae a 

aaa Deans enna Soe coe 
- a 

Le] 


~* 40, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL | CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
Capacitance Power VCC = 5.0V, f = 1MHz be ae aos | +25°C Typical 40 


° 
Input Capacitance CIN VCC = Open, f = 1MHz Pt +25°C a ee ae 
vA feed 


Dissipation 


| 1 
Output Transition TTHL | VCC =4.5V +25°C 
me bial 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
LIMITS LIMITS 
(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL 


CONDITIONS ERATURE | MIN | MAX | | MIN | MAX | 
[Giese Goren —] 100 [voo=savvw=vaowano | ase | [oe | -_[ 20 
ital a 


VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 


A 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


oe RAD 1M RAD 
TEMP- oe LIMITS 
PARAMETERS SYMBOL ERATURE 


(NOTES 1, 2) 
CONDITIONS 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low OL VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 

RAD, VIL = 0.3V at 1M RAD, 

OL = 50pnA 


Output Voltage High 


VCC = 4.5V and 5.5V, VIH = VCC/ +25°C VCC 
2, VIL = 0.8V at 200K RAD, VIL = 
0.3V at 1M RAD, IOH = -50pnA 


=m VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 

a eee ee 

SS 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


+5 


Loud 
bad 
= 
= 
<s 
= 
ee 


Input Leakage Current 


Noise Immunity 
Functional Test 


_ 
its 
=e 
a 
[= 
[= 
a) 
ncaa 
az 
=m 


ro) 
—_ 


© 
© 
ve) 
ad 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


fe Ps 
IOL/IOH a. re -15% of 0 Hour 
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-. TABLE 6. APPLICABLE SUBGROUPS . 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 


100%/5004 


Subgroup B-5 


Sample/5005 | ‘1, 2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


| me TEST _ READ AND RECORD 
CONFORMANCE ~ 
GROUPS| METHOD _ PRE RAD POST RAD PRERAD — POST RAD 


NOTE: . _ 
1. .Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
wavec=avosv | vec=eveosy | sokHz | 25kHz 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


Ua es ae eer ee ee ee ee ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ECE HAR (Se (008 | 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit 
VIH 

x=) 
VIL 


ee ee ee ee) 


OUTPUT 


80% 80% 


OUTPUT 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 = 


PARAMETER 


© 
© 
ve) 
ad 
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Die Characteristics — 


DIE DIMENSIONS: 
86 x 71 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 uA + 1kA 


GLASSIVATION: 
Type: SiO»2 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: - 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 


SAGO ACOINEK ete tod Bap ie ae eee eee ree se ee 


4x4mils 


Metallization Mask Layout 
HCTS161MS 


cP MR 
(2) (1) 


CC 
one ee 


Po Malas Zecca Biel Sette hei 


P1 (4) 


P2 (5) 


P3 (6) 


PE (7) 
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Sain 


| 


vcc 
(16) 


rertrpaete 


(15) TC 
11 (14) 0 
(13) Q1 
(12) a2 
(11) a3 


grarnis jj§HCTS163MS 


Radiation Hardened 


December 1992 | Synchronous Counter 
Features — Pinouts 
e 3 Micron Radiation Hardened CMOS SOS , 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
e Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
° Cosmic Ray Upset Rate 2 x 10°° Errors/Bit Day 
e¢ Latch-Up Free Under Any Conditions 


e¢ Fanout (Over Temperature Range) 


- Standard Outputs.............6. 10 LSTTL Loads 
e Military Temperature Range ......... -55°C to +125°C 
e Significant Power Reduction Compared-to LSTTL ICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 
¢ LSTTL Input Compatibility 
- VIL = 0.8V Max 
> VIN = VOC/2 Min | 16 PIN CERAMIC FLAT PACK 
¢ Input Current Levels li < 5A at VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
' TOP VIEW 


Description 


The Harris HCTS163MS is: a Radiation Hardened 
synchronous presettable counter that feature look-ahead 
carry logic for use in high speed counting application. 
HCTS163MS is a binary counter, and is reset synchronously 
with the clock. Counting. and parallel presetting are both 
accomplished synchronously with:.the negative to positive 
transition of the clock. 


The HCTS163MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS163MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


Oo 
o) 
oO 
a 


1 
2 
3 
4 
5 
6 
7 
8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2480.1 
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Truth Table 


INPUTS OUTPUTS 


) : 


‘H = HIGH Voltage Level 
- L= LOW Voltage Level 
h = HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition 


q = Lower case letter indicate the state of the referenced output prior to the LOW-to-HIGH clock transition 
_f = LOW-to-HIGH clock transition 


NOTES: 
1. The TC output is HIGH when TE is HIGH and the counter is at terminal count.(HLLH for 162 and HHHH for 163) 


2. The: HIGH-to-LOW transition of PE or TE on the 54/74163 and 54/74160 should only occur while CP is high for conventional operation 
3. The LOW-to-HIGH transition of SPE or MR on the 54/74163 should only occur while CP is high for-conventional operation 


Functional Block Diagram 


o 14 "943 > 12 044 D415 
Qo Qt Q2 Q3 TC 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 2... eee cece eee eee -0.5V to+7.0V Thermal lmpedance ................ Oia Gi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............205- 75°CW 16°C/W 
DC Input Current, Any One Input................. cece eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..................-. 0 +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T= -55°C to $100 ois cw a ciewean sateen eae eae ne 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 13mW/C 
Lead Temperature (Soldering 10sec)...............08- +265°C 

Junction Temperature (TU)... 02... cece cece eee ees +175°C 

ESD Classification: < sc05:s.0-s.sie S04 oO eo Bs wee wae seid peek Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage (VCC). 02... cee eee eee ew eee +4.5V to +5.5V = Input Low Voltage (VIL)............. 0. cece ween 0.0V to 0.8V 
Input Rise and Fall Times at 4.5 VCC (TR, TF)........ 500ns Max Input High Voltage (VIH).......... 0. eee eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 


Output Voltage Low . VCC = 4.5V, VIH = 2.25V, 


IOL = S0pA, VIL = 0.8V 


VCC = 5.5V, VIH=2.75V, ‘| 1,2,3 
IOL = 50pA, VIL = 0.8V 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 
IOH = -50y/A, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 1,2,3 
IOH = -50pA, VIL = 0.8V 
ee 


| 
Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL =0V 
V 


CC 
OL 
OL 
OH 
FN 


Input Leakage VCC = 5.5V, VIN = VCC or 

Cc t D 
pr +125°C, -55°C 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A,8B | 425°C, +125°C, -55°C 
Functional Test - VIL = 0.8V (Note 2) ; 


1. All voltages referenced to device GND. 
2. For functional tests, VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


(NOTES 1, 2) A SUB- | 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 

CP to Qn TPHL | VCC=4.5V a ee ee 
a Eo ee ee 
CP to TC TPHL | VCC =4.5V a ae ae 
ima ES aie coe nee oe 
ei Shia Waa sc cca coe ee 
| 10, 11 ; zs 


NOTES: 
-. —}----4. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) | | uimirs 
PARAMETER SYMBOL CONDITIONS TEMPERATURE | MAX | UNITS 


Capacitance Power Dissipation CP VCC = 5.0V,f=1MHz | +25°C 
| -+125°C 
Cl 


D 
Input Capacitance - VCC = Open, f = 1MHz 


Output Transition Time TTHL VCC = 4.5V . 
| TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | 200K RAD 
LIMIT 
: : 7 (NOTES 1, 2) TEMP- 
PARAMETERS | SYMBOL. CONDITIONS ERATURE | MIN 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 
| 


C 
Output Current (Sink) OL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
L 
H 


4. 
4 


Output Current IOH VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 
(Source) VOUT = VCC -0.4V 


Output Voltage Low vO VCC = 4.5V and 5.5V, +25°C 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
OL = 50nA 


4.0 
-4.0 
Output Voltage High VO VCC = 4.5V and 5.5V, +25°C VCC 
VIH = VCC/2, VIL = 0.8V at 200K -0.1 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
PARAMETERS SYMBOL 


ERATURE 
Input Leakage Current VCC = 5.5V, VIN = VCC or GND 
Noise Immunity 


Min | max ymin [max | 

iN Ree eaee we rea 

ch a a a 
Functional Test VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 
We ld Ha Hl 
TPLH 

het £2 i 

a 

2 | of 2 | 2 


(NOTES 1, 2) 
CONDITIONS 


CP to TC TPLH | VCC=4.5V +25°C 
TPLH 

MR to Qn, TC TPHL | VCC =4.5V 

TE to TC TPHL | VCC =4.5V 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH Lo ee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


7-379 


© 
© 
ro) 
| 


Specifications HCTS163MS 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD POST RAD. PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN- IN | TEST CONNECTIONS (Note 1) © 


N-15 AS SOCAN AA A AA AIA 


‘STATIC BURN-IN I! TEST CONNECTIONS (Note 1) ~ 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will oe a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


AC Timing Diagrams er AC Load Circuit 
VIH DUT TEST 
POINT 
VIL CL 
VOH 
-OUTPUT — , CL = 50pF 
VOL it RL = 500Q = 


80% 80% 


‘OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER HCTS ey 
VCC 


Ce 
a 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: Alsi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO». 
Thickness: 13kA 2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
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. 


Ae 


lala age 
et SOC RTITESTSE TIERS) PESTTRCESECTSSTS Bos 
(9) 


HCTS163MS 


HCTS163MS 


=) Face Fone 2 A R} ‘ 
= TAdT is 

J! in f Wy Fo, 
o = —01f. AA 
ee Bp bbe 7, Sa 

~ jo? Cae 

sii. 
wees vee = 65 
ed aseears ig | ee 
he eta ce <a = . * 


Ti as 


| 


fA 


al +e 
Pree 

ote, 

ote tel 

ale 


© 
o) 
O 
a 


af i 


Ni i Ai rie a dl 


ie Esme | 
SS =e a i (11) Q3 


7-381 


SEMICONDUCTOR 


ta) FARRIS 


December 1992 


Features 


3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10°9 Errors/Bit Day 
Latch-Up-Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads _ 


Military 7 Temperature Range: -55°C to #125°C 


Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS164MS is a Radiation Hardened 8-bit Serial- 


In/Parallel-Out Shift Register that has fully synchronous 
serial data entry and an asynchronous master reset. 


The HCS164MS utilizes advanced CMOS/SOS technology 


to achieve high-speed operation. This device is a member of 


radiation hardened, high-speed, CMOS/SOS Logic Family. . 


The HCS164MS is supplied in a 14 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


OPERATING reli 


HCS164MS 


Radiation Hardened 
8-Bit Serial-In/Parallel-Out bias 


Pinouts 


14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
TOP VIEW 


OUTPUTS 


Rost io Se 


H = High Voltage Level 
h= HIGH voltage level one setup time prior to the LOW-to-HIGH clock transistion 
L= Low VoltageLevel | 
I= LOW voltage level one setup time prior to the LOW-to-HIGH clock transition. 
_f/ = LOW-to-HIGH clock transition 
q= Lower case letters indicate the state of the referenced Input (or output) one setup time prior to the LOW-to-HIGH 

clock transition 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2 465 1 


Copyright © Harris Corporation 1992 
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Functional Diagram 
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» Absolute Maximum Ratings Reliability Information 
Supply-Voltage (VCC). 2... cee ee eee eee eee -0.5V to+7.0V Thermal lmpedance ................ Bia 6, 
Input Voltage Range, All Inputs .... Sg nts dma -0.5V to VCC +0.5V Weld Seal DIC........... cee eee » 75°CIW 16°C/W 
DC Input Current, Any One Input............... cece ees +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

- DC Drain Current, Any One Output................ Sarees +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the. VSS Terminal) For Ty = -55°C to +100°C ......... Sane hae forales eet Seas 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 18mW/°C 

- Lead Temperature (Soldering 10sec)..............606. -+265°C 
Junction Temperature (TJ) ....... dar tass tah Gis ees a sd tone vent +175°C 
ESL ClassiiCalion :ss.é0cs0s + eset sc tetyiivesNatwie eas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage ble ie weg deans Glee Mek oa oe ES was +4.5V to +5.5V = Input Low Voltage (VIL).............202005 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5 VCC (TR, TF)........ 500ns Max _ Input High Voltage (VIH).................. 70% of VCC to VCC 


Operating Temperature Range (Ta) ..........-.- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
CONDITIONS © ‘GROUPS 


VCC = 5.5V, +25°C 
VIN = VCC or GND: Too eae 


Output Current 


VCC = 4.5V, VIH = 4.5V, +25°C 
(Sink) 


T = 0.4V, VIL = 
VOU 0.4V, VIL = OV 125°C, -55°C 


} Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


Output Voltage High : VCC = 4.5V, VIH = 3.15V, 1,2,3 | +25°C, +125°C, -55°C | VCC 


Output Voltage Low - 


~IOH = -50pA, VIL = 1.35V -0.1 


VCC = 5.5V, VIH = 3:85V, 
IOH = -50pA, VIL = 1.65V © 


VCC = 5.5V, VIN = VCC or +25°C 
N 
ane +125°C, -55°C 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Input Leakage 
Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP LIMITS 
(NOTES 1, 2) A SUB- | 
PARAMETER SYMBOL | —_—s CONDITIONS GROUPS TEMPERATURE mn | Max. | 
CP to Qn TPLH | vCC=4.5V | 2 | 32 | 
TPHL | VCC =4.5V Pe ae | 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL =-GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) . 
- .PARAMETER | SYMBOL | — CONDITIONS NOTES TEMPERATURE | MIN. | MAX | UNITS 
“Capacitance Power - CPD | VCC =5.0V, f= 1MHz 1 Typical 90 
nner 
eanenen 1 +125°C Typical 110 
Input Capacitance CIN VCC = Open, f = 1MHz 
1 +125°C 
Output Transition Time TTHL VCC = 4.5V 
TTLH 


~  $425°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


_ 
Ol 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VCC = 5.5V, VIN=VCGorGND | +25°C Lo. 
VCC =4.5V, VIN=VCGorGND, | +25°C 4.0 
VOUT = 0.4V 


TEMP- 
~ ERATURE 


-1 VIL = 0.30(VCC) at 200K RAD, 


VCC = 4.5V, VIN = VCC or GND, - +25°C 
VOUT = VCC -0.4V 
VCC = 4.5V and 5.5V, +25°C 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 
VOH VCC = 4.5V and 5.5V, +25°C VCC VCC V 
VIH = 0.70(VCC), -0.1 -0.1 
VIL‘= 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50LA 


VIH = 0.70(VCC), 
| IN | VCC =5.5V, VIN=VCC or GND | 425°C 


Output Voltage High 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS 


Noise Immunity — VCC = 4.5V, VIH = 0.70(VCC), 
| Functional Test VIL = 0.30(VCC) at 200K RAD, 
: VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


CP to Qn . TPHL VCC = 4.5V +25°C 
TPLH | 
NOTES: : | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. » 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| GROUP B | . 
‘PARAMETER | SUBGROUP DELTA LIMIT 
IOL/IOH | ee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS . 


OD 


1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST . . _ READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR sd 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


es es es Ss 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | : AC Load Circuit 
VIH 

DUT TEST 
VIL POINT 
VOH CL RL 

OUTPUT 

VOL 

CL = 50pF 
VOH 


80% 


80% RL = 5002 — 


OUTPUT 


VOL 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 94mils 


METALLIZATION: 
Type: AISi 
Metal Thickness: ee | 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
~~~ 100pnm x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
: HCS164MS 
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HARRIS §$HCTS164MS 


Radiation Hardened 


December 1992 8-Bit Serial-In/Parallel-Out Register 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day 
e Latch-Up-Free Under Any Conditions 


Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL=0.8 VCC Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


14 PIN CERAMIC FLAT PACK 
Py i MIL-STD-1835 DESIGNATOR CDFP3-F14, LEAD FINISH C 
Description Tab aN 
The Harris HCTS164MS is a Radiation Hardened 8-bit 
Serial-In/Parallel-Out Shift Register with asynchronous 
reset. 


The HCTS164MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS164MS is supplied in a 14 lead Ceramic flatpack 
(K suffix) or a Ceramic Dual-In-Line Package (D suffix). 


o 
Oo 
Oo 
a 


Truth Table 


INPUT TPUT 
OPERATING ele OUTPUTS 


MODE 


H = High Voltage Level 

L= Low VoltageLevel 

_f/ = LOW-to-HIGH clock transition 

q= Lower case letters indicate the state of the referenced input (or output) one setup time prior to the LOW-to-HIGH 
clock transition 

DS1 and DS2 inputs must be at state one setup prior to CP (rising edge) 

Lower case letters indicate the state of the reference input (or output) one setup time prior to clock 


® 


aw 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3386 
Copyright © Harris Corporation 1992 7-389 


HCTS164MS 


Functional Diagram 


DS1 0 


DS2 0 


Q7 


Qs 


Q4 


Q3 


Ql 


Qo 
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Absolute'Maximum Ratings ‘Reliability Information 

Supply Voltage (VCC). .... 0... . cece eee eee -0.5V to+7.0V Thermallmpedance ................ Oia 0. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal-DIC ois cesscaw cecakiry 75°CIW 16°C/W 
DC Input Current, Any One Input......... Sutihinumeastans Sak. ee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output..... nite Meta bce shes +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal!) For T= 55°C: 10 4100'S 4c ow oe se canted y ries gie auwe ees 1W 
Storage Temperature Range (TSTG)........ “,.. 65°C to +150°C For T, = +100°C to +125°C Derate Linearly at 13mW/C 

Lead Temperature (Soldering 10sec)................-- +265°C 

Junction Temperature (TJ) ...... cc eee ce eee eens +175°C 

ESD ClassificatiGn <d0ws0deraseiecnwata deere cans Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUDPIY NONAGG aio bee iw ee ate cme seal ey +4.5V to +5.5V = Input Low Voltage (VIL)... 0... ce eee eee eee eee OV to 0.8V 
Input Rise and Fall Times at 4.5 VCC (TR, TF) ...... 100ns/V Max = Input High Voltage (VIH)............ 0. cee eee VCC to VCC/2V 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE ares UNITS 


‘a 
Vie=0V (Noto2) 


VOL VCC = 4.5V, VIH = 3.15V, [oer 425°C, +125°C, -55°C Aa 


Output Current VCC = VIH = 4.5V, 
(Sink) 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High VOH 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


2,3 
1,23 
IOL = S0pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = S0pA, VIL = 1.65V 
425°C, +125°C, -55°C | VCC 
0.1 
1,2,3 | +25°C, +125°C, -55°C | VCC 
0.1 
es 
+125°C, -55°C 


Input Leakage 
Current 


VCC = 4.5V, VIH = 3.15V, 
Noise Immunity 7, 8A, 8B | +25°C, +125°C, -55°C 


Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1,2) 
PARAMETER SYMBOL.|. _— CONDITIONS 


CP to Qn . TPLH VCC = 4.5V 
mene VCC = 4.5V 


TPHL VCC = 4.5V 
| VCC = 4.5V. | 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 ~ (NOTE 1) 
PARAMETER: | SYMBOL CONDITIONS 


Capacitance Power CPD VCC = 5.0V, f= 1MHz .. 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition Time TTHL =| VCC =4.5V 

TTLH 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


a 
ee ee 
ee 
ee oe 
a ee 
ak ee 


+125°C, -55°C 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2)’ 
PARAMETERS | SYMBOL CONDITIONS 


| icc: | VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIN = VCC or GND, +25°C - 
VOUT = 0.4V 


Output Current ie) VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage High VCC = 4.5V and 5.5V, 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 


IOH = -50pA 


Input Leakage Current 


ICC © 
IOL 
Output Voltage Low VOL VCC = 4.5V and 5.5V, © 425°C - 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
lOL = 50pnA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETERS SYMBOL 

Noise Immunity 

Functional Test 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


FN 
CP toQn TPHL | VCC =4.5V 425°C 2 37 
TPLH 


a ce 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests: VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH a -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Interim Test I (Postburn-In) ICC, IOL/H 
Interim Test II (Postburn-In) ICC, IOUH 
Interim Test II (Postburn-in) ICC, IOV/H 
Grow A No 
Group B Subgroup B-5 Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


LOGIC 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 a Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 
1/2VCC =3V+0.5V | VCC=6V+t0.5V | S0KHz =| 25kHz | 


" STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


[eau | aero 7 - ],_™ | - | 4} 
OS 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
_ Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | AC Load Circuit 
VIH 
ve i ud 


VOH CL 


OUTPUT 


VOL 


CL = 50pF 
RL = 5000 = 


VOH 


80% 80% 


VOL OUTPUT 


PARAMETER 
Ce | 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 95 mils 
2.380 x 2.410mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS164MS 


DS2 DS1 vcc Q7 Q6 
(2) (1) (14) (13) (12) 
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SEMICONDUCTOR 


ty HARRIS 


HCS165MS 


Radiation Hardened Inverting 


December 1992 8-Bit Parallel-Input/Serial Output Shift Register 
Features Pinouts 
e 3 Micron Radiation Hardened SOS CMOS 16 PIN CERAMIC DUAL-IN-LINE 
| MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH c | 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 


¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day 
(Typ) 


e Latch-Up Free Under Any Conditions 


¢ Fanout (Over Temperature Range) 
Standard Outputs-10LSTTLLoads =i 


Military Temperature Range: -55°C to +125°C 


e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL=0.3 VCC Max 


16 PIN CERAMIC FLAT PACK 
- VIH = 0.7 VCC Min MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 
e 


Input Current Levels li < 5A at VOL, VOH TOP VIEW © 


Description 


The Harris HCS165MS is a Radiation Hardened 8-Bit Paral- | 
lel-In/Serial-Out Shift Register with complementary serial 
outputs and an asynchronous parallel load input. 


The HCS165MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS165MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in- Line 
Package (D su): 


onrongaa © D = 


Truth Table 


OPERATING. 
MODES i 


Parallel Load 


Hold “Do Nothing” 


H= HIGH voltage level 

h= HIGH voltage level one setup time prior to the LOW-to-HIGH clock transition — 

L= LOW voltage level 

!= LOW voltage level one setup time prior to the LOW-to-High clock transition 

Qn = Lower case letters indicate the state of the referenced output one set-up time prior to the Baoan clock transition. 
X= Don't Care 

~\__ = LOW-to-HIGH clock transition. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2481 1 
Copyright © Harris Corporation 1992 7-396 
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_ Functional Diagram 


DO D1 D2 D3 D4 D5 D7 


VVVVVVYV V 
VVVVVVVYV 


CL CL CL CL CL CL CL CL 
DP PL DP PL DP PL DP PL DP PL DP PL DP PL DP PLr- 
FF i FF E FF i FF i FF E FF A FF il FF i 
n°) os > DS Q = she al tas i ies é tes at he a 7 
PL > > | 


>> o» 
> >>>--8 


2) 
mi co 
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Absolute Maximum Ratings 


Supply Voltage (VCC)... cece ce ee eee ee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............. 0. cee wees +10mA 
DC Drain Current, Any One Output............. cece eee eee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...............4-- +265°C 
Junction Temperature (TJ) ........ 2. cece cece cee eees +175°C 
ESD Classification 23. $203. ses40 4 bes sees oe eee eae es Class 1 


Reliability Information 


Thermal Impedance ..............-.- Gia Bic 
Weld Seal DIC... 1... eee ee ee eee 75°C/W 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

Foro, C lO +100 CO: pita ceed e eee e nee eee wes 1W 


For T, = +100°C to +125°C Derate Linearly at 13mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)...........0 cece ence lene +4.5V to +5.5V - 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


Input Low Voltage (VIL)...............006- 0.0V to 30% of VCC 
Input High Voltage (VIH)........... eee 70% of VCC to VCC 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


C 
Output Current 10 
(Sink) 


1OH 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = 0V 


Output Current 
(Source) 


Output Voltage Low VOL VCC = 4.5V, VIH =3.15V, 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 


IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


GROUP 
A SUB- 
GROUPS 


QuescontGurent’ | icc | voo=6.v, 
pwenoren | [eceteao apes 
ee ee 
40 
Em 


a 
= 
eo 
Biasoe bachatchanl Moe 
= 
a 


1 
1 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 
7, 8A, 8B 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


40 
750 


+125°C, -55°C 


+125°C, -55°C 


+25°C, +125°C, -55°C 


-0.1 
+125°C, -55°C 
+25°C, +125°C, -55°C 


425°C, +125°C, -55°C ee ed 
-0.1 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL CONDITIONS TEMPERATURE am | max. | 

GporGEwaror | Tin | voozasv a Ec 
et ee eee tere 
ee ee eee ee 
O70 G7 Ten | VoG=45v ee 
ee £2 ee tes oe oe a 
eee Lt Se ae a 


NOTES: 
1. All voltages refarenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


PARAMETER SYMBOL 
Capacitance Power - CPD 
Dissipation 
Input Capacitance CIN VCC = 5.0V, VIH = 5.0V, - 

VIL = 0.0V, f = 1MHz 
Output Capacitance COUT VCC = 5.0V, VIH = 5.0V, 
VIL = 0.0V, f = 1MHz 

Pulse Width Time TW VCC = 4.5V, VIH = 4.5V, 
CP, PL VIL = 0.0V 


Setup Time _ TSU VCC = 4.5V, VIH = 4.5V, 
DS to CP, CE to CP, VIL = 0.0V 


Dn to PL 
Hold Time TH VCC = 4.5V, VIH = 4.5V 
DS to CP, CE VIL = 0.0V 
VCC = 4.5V, VIH = 4.5V 
VIL = 0.0V 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


Typical 27 
+125°C Typical 37 
+125°C . 
+ 
+ 


LIMITS 


NOTES 


VCC = 5.0V, VIH = 5.0V, 
VIL = 0.0V, f = 1MHz 


2 
+125°C 
+125°C 24 
2 
2 


1 
1 


7 


Hold Time 5V, = 4.5V, 

CE to CP 

Recovery Time TREC | VCC =4.5V, VIH=4.5V, 

PL to CP VIL = 0.0V 

Maximum VCC = 4.5V, VIH = 4.5V, 
Frequency VIL = 0.0V 

Output Transition TTHL | VCC =4.5V, VIH =4.5V, 
Time VIL = 0.0V 


+125°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


z 
5 


15 


= 
= 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | 200K RAD 
(NOTES 1, 2) Temp. | ____UIMITS 
PARAMETERS | SYMBOL 


CONDITIONS ERATURE | 


Can | MAX 
[Guiescant Gurent | 106 | VCO= Sav, VIN=VoCorGnD | +250 | - | 075 
allt il Bl 


Output Current (Sink) l VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 1M RAD 
(NOTES 1, 2) LIMITS LIMITS 


PARAMETERS | SYMBOL. CONDITIONS _ | MIN | 


Output Voltage Low VOL VCC = 4.5V or 5.5V, 
; VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 

Output Voltage High VCC = 4.5V or 5.5V, 

. VIH = 0.70Q(VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Input Leakage Current | IN | VCC = 5.5V, VIN= VCC or GND | _ 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 


(Note 3) 

CPorCENtoQ7or | TPLH |VCC=4.5V 
Q7N TPHL 

PEN to Q7 or Q7N TPLH | VCC=4.5V 
~ TPHL 

D7 to Q7 TPLH | VCC=4.5V 
TPHL 

D7 to Q7N TPLH | VCC =4.5V 
TPHL 


NOTES: . 
1. All voltages referenced to device GND. ' 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
- PARAMETER SUBGROUP | DELTA LIMIT 


fe ee 
IOL/IOH a aa -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Preburn-In) 100%/5004 ICC, IOV/H 


‘NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS. METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


ee ea SE (ST ees es ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
TC es |e Cd SCOUT COCUTCdYYSC“‘ OC: 
NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagram and Load Circuit 


DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT RL = 5000 = 
VOL 
AC VOLTAGE LEVELS 


80% 


80% 
OUTPUT 
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Die Characteristics 
DIE DIMENSIONS: 
95 x 94 mils 


_ METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


- GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy. 


WORST CASE CURRENT DENSITY: 
<2.0x 10°A/cm? 


BOND PAD SIZE: 
4x4mils 


Metallization Mask Layout 
HCS165MS 
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ae eee  HCST66MS 


Radiation Hardened 8-Bit 


December 1992 Parallel-Input/Serial Output Shift Register 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


* Dose Rate Upset >10'° RADs(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


e Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


16 PIN CERAMIC FLAT PACK 
Input Current Levels li < 5uA at VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


Description 


The Harris HCS166MS is an 8-bit shift register that has fully syn- Do 
chronous serial or parallel data entry selected by an active LOW D1 
Parallel Enable (PE) input. When the PE is LOW one setup time D2 
before the LOW-to-HIGH clock transition, parallel data is entered 
into the register. When PE is HIGH, data is entered into internal 
bit position QO from Serial Data Input (DS), and the remaining 
bits are shifted one place to the right (QO > Q1 — Q2m etc.) with cP 
each positive-going clock transition. For expansion of the register | GND 
in parallel to serial converters, the Q7 output is connected to the 

DS input of the succeeding stage. 


& 
LOGIC 


The clock input is a gated OR structure which allows one input to 
be used as an active LOW Clock Enable (CE) input. The pin 
assignment for the CP and CE inputs is arbitrary and con be 
reversed for layout convenience. The LOW-to-HIGH transition of 
CE input should only take place while the CP is HIGH for predict 
able operation. 


A LOW on the Master Reset (MR) input overrides all other inputs 
and clears the register asynchronously, forcing all bit positions to 
a LOW state. 


The HCS166MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS166MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. | File Number 2482.1 
Copyright © Harris Corporation 1992 7-403 | 


HCS166MS 


Truth Table 
ae ommeeeon | 
w WESTER panaccet | Glock PARALLEL | INTERNAL Q STATES 
| ENABLE | ENABLE CLOCK SERIAL | 
a a 
a A 


OUTPUT a7 


peat OU CU aa 
eee ae ae 
ee 
a a Fee 
ae 
ae ee 
| coo | 


H=HighLevel = ...h = The level of steady state input at inputs DO thru D7, respectively. 
L = Low Level . Q00, Q10, Q70 = The level of QO, Q1, or Q7, respectively, before the indicated steady state 
X = Immaterial input conditions were established... nes ee 
-- f~ =Transition from low to high level ~ — QOn, Q6n = the level of QO or Q6, respectively, before the most recent transition of the 
clock. 
Functional Diagram 


TG IG IG IG IG I-E I-G IF 
np-l TU I I i a ow ot 
“Kt ETE TT TT TTT 
6 SN A RE A a 
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Absolute Maximum Ratings 


Supply Voltage. sauces clawed Se deurede eens. -0.5V to +7.0V 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............ 0. cece eee ee +10mA 
DC Drain Current, Any One Output................ cece eee +25mA 
(All Voltage Reference to the VSS Terminal) 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)..............06-- +265°C 
Junction Temperature (TJ) ..........0e ce eee veto. ‘eee 4175°C 
ESD CIASSINICALION sie acow ak ce. 65's bse Se wleds.keeea wees Class 1 


Reliability Information 
Thermal Impedance ................ 6.4 6; 


Weld Seal DIC wate wsnueuwens ines 75°C/W 16°C/W 

Weld Seal Flat Pack.............6- 64°C/W 12°C/W 
Power Dissipation per Package (PD) 

FOr Ta -55°C 10 41009 34 nied caw ase iactow aie wees 1W 

For Ty = +100°C to +125°C........ Derate Linearly at 18mW/C. 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voliage:s2.si2sn basher incu slwweseease +4.5V to +5.5V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


Input Low Voltage (VIL)........... eee eee 0.0V to 30% of VCC 
Input High Voltage (VIH)...........0.00 eee 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL - CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
| VIN = VCC or GND. 
Output Current VCC = 4.5V, VIH = 4.5V,- 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 


VOUT = VCC -0.4V, 
VIL = OV 


VOL VCC = 4.5V, VIH = 3.15V, 
| IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


Output Voltage Low 


Output Voltage High VOH VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
| IOH = -50pA, VIL = 1.65V 
Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 
Noise Immunity FN VCC = 4.5V, 


Functional Test VIH = 0.70(VCC), 


VIL = 0.30(VCC), (Note 2) 


NOTES: 
1. All voltages reference to device GND. 


GROUP LIMITS 
A SUB- 
GROUPS TEMPERATURE 


ee 
ae 
alee 
a 
ad 
id a 
ae 
ed 


7, 8A, 8B 


3 


+125°C, -55°C = 4 


+125°C, -55°C 


a ae 
TG 
= 


+25°C, +125°C, -55°C 
425°C, +125°C, -55°C 
0.1 


+25°C, +125°C, -55°C VCC 


+25°C 
+125°C, 55°C 
+25°C, +125°C, -55°C 


I+ 
cn 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


, GROUP 
_ A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


CP or CE to Q7 TPHL | VCC=4.5V ~ 
| ay +125°C, -55°C 


| 9 | 

| 10,44 
MR to Q7 TPHL | VCC=4.5V a ae ee 
pimp 


NOTES: | 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


UNITS 


_... LIMITS 


TEMPERATURE 


CONDITIONS 
VCC = 5.0V, f = 1MHz 


VCC = Open, f = 1MHz 
VCC = 4.5V 
VCC = 4.5V 


PARAMETER 


Capacitance Power 
Dissipation _ 
Input Capacitance 
Output Transition 
Time 


Thy) TY) TT 


7 


cz 


CPD 
Cl 


— 


z 


Clock Frequency 
(Figure 3) 


N 
tw 
tw 

tSU 


MR Pulse Width VCC = 4.5V 
(Figure 4) | -55°C to +125°C 
Clock PUlse Width 

(Figure 3) 

Set-up Time Data VCC = 4.5V 
and CE to Clock, 


-55°C to +125°C 

2 
-55°C to +125°C 1 
-55°C to +125°C 


(Figures 5, 6) 


Hold Time Data to 
Clock (Figure 5) | 
Removal Time MR 
to Clock (Figure 4( 


VCC = 4.5V 
VCC = 4.5V 
VCC = 4.5V | 


Set-up Time PE to 

CP (Figure 6) = 

Hold Time PE to CP t VCC = 4.5V 
seems | 
NOTE: 


tH 
tSU 
H 


ae 
Pa 
=a 
ate! 
ie ee 
aed 
Pr 
ee 
eee 
me 
a cee ccc 
leekcad 
Eto 
fo hced 
okt 
a at 
raglcad 
bea 
ies! 
beathcel 
ceed 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


Quiescent Current VCC = 5.5V, VIN = VCC or GND +25°C 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

Output Current 

(Source) 


Output Voltage Low VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
lOL = 50nA 


= 


Output Voltage High VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Input Leakage Current VCC = 5.5V, VIN = VCC or GND 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) ; 


— 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


| ns | 
[ons | 
| rs _| 
| ins | 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
_ PARAMETER SUBGROUP DELTA ea" ees 


\OL/IOH ee -15% of 0 Hour — | 


7-407 


Specifications HCS1 66MS 


TABLE 6. APPLICABLE SUBGROUPS . 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 100%/5004 ICC, |OL/H 
Interim TestI(Postburn-in) =|: 100%/5004 ICC, IOUVH 
40 


[roa SS~dC soos reso 
a 
[rate —SSCSC~*~dtC OOTP 

ns 


Interim Test I (Postburn-In) 0%/5004 ICC, IOUH 7 


Group A (Note 1) Sample/5005 | 1,2, 3,7, 8A, 8B, 9, 10, 11 
Group B » | Subgroup B-5 | Sample/5005 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


| GroupD-- 4,2, 3, 7, 8A, 8B, 9, 10, 11 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


~ Sample/5005 | © 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD PRE RAD POST RAD | PRE RAD POST RAD 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR | 
1/2 VCC = 3V + 0.5V VCC =6V + 0.5V | S0KHz 


STATIC | BURN-IN (Note 1) 


STATIC Il BURN-IN (Note 1) 


ee ee ee ee eee ee 


DYNAMIC BURN-IN (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


DUT TEST 
- POINT 
VIL 
TPLH 
VOH -----------2 22222 -o-- | penny | =o oa eon CL = 50pF 
OUTPUT RL = 5000 = 
VOL 
AC VOLTAGE LEVELS 


VOH --------------------- | [pxmmnny| | ---------- 
80% 80% 


panawereR | wes | UNITS 


VOL OUTPUT 


a 
Cn 
a 
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HCS166MS 
Die Characteristics 


DIE DIMENSIONS: 
94 x 94 mils - 
METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiOz 


Thickness: 13kA + 2.6kA 
DIE ATTACH: 
Material: Silver Epoxy . - 
WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: | 
~—100um x 100MM 0 
- 4milsx 4 mils - 


Metallization Mask.Layout. 


- HCS166MS 
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Radiation Hardened 


December 1992 Synchronous 4-Bit Up/Down Counter 
Features | Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE . 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
e Total Dose 200K or 1 Mega-RAD(S)) TOP VIEW 


e Dose Rate Upset >10'° RAD(Si)V/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity 2 x 10° Errors/Bit Day 
e¢ Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 


e Significant Power Reduction Compared to LSTTL ICs. 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


16 PIN CERAMIC FLAT PACK 
Input Current Levels Ii < 514A @ VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
TOP VIEW 


Description 


The Harris HCTS190MS is an asynchronously presettable BCD 
Decade synchronous counter. Presetting the counter to the 
number on the preset data inputs (PO - P3) is accomplished by a 
low on the parallel load input (PL). Counting occurs when (PL) is 
high, Count Enable (CE) is low and the Up/Down (U/D) input is 
either low for up-counting or high for down-counting. The counter 
is incremented or decremented synchronously with the low-to- 
high transition of the clock. 


1 
2 
3 
‘ Q 
: g 
6 ae | 
7 

8 


When an overflow or underflow of the counter occurs, the 
Terminal Count output (TC), which is low during counting, goes 
high and remains high for one clock cycle. This output can be 
used for look-ahead carry in high speed cascading. The TC 
output also initiates the Ripple Clock output (RC) which, normally 
high, goes low and remains low for the low-level portion of the 
clock pulse. These counter can be cascaded using the Ripple 
Carry output. 


If the decade counter is preset to an illegal state or assumes an 
illegal state when power is applied, it will return to the normal 
sequence in one or two counts 


The HCTS190MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS190MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2474.1 
Copyright © Harris Corporation 1992 7-414 
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‘Truth Table - | 
| ee a 
a a a a a Yan 


No Change | 


H = High Level: - _ 
L = Low Level 
X = Immaterial 
_f = Transition from low to high 


NOTE: U/D or CE should be changed only when clock is high. _ 


Functional Diagram 
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Specifications HCTS190MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 0... cee ccc eee ee eee -0.5V to+7.0V Thermal lmpedance ..............-. Oia 85. 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2.2... eee ee eee 75°CIW 16°C/W 
DC Input Current, Any One Input............. 0.02 eee eee +10mA Weld Seal Flat Pack............... 64°C/AW 12°C/w 
DC Drain Current, Any One Output....... hit tee Gigaie eeaes +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) - FOR Ta = 5S C10 F100 C och 5.5 aoe Sow Sw RE Awe 1W 
Storage Temperature Range (TSTG)...... ....- 65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).............0000 +265°C 

Junction Temperature (TJ) ........ cee cece cee tee ees +175°C 

ESD Classification: « <:0scewswes we taiae we veln sees es Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a strass rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 

Supply Voltage(VCC) .......... cee eeee bale +4.5V to +5.5V = Input Low Voltage (VIL)... 0... . eee ee eee ees 0.0V to 0.8V 
Input Rise and Fall Times @ 4.5 VCC (TR, TF)........ 500ns Max = Input High Voltage (VIH).......... 0. cect eee ee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND + 125°C, -55°C 


Output Current VCC = 4.5V, VIH = 4.5V, ME ME Re 
Sink VOUT = 0.4V, VIL = OV 

Sink) +125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, a ae lee 


(Source) VOUT = VCC -0.4V, 


VIL = OV +125°C, -55°C 


Output Voltage Low VCC = 4.5V, VIH =2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 425°C, +125°C, -55°C 

IOL = 50pA, VIL = 0.8V 

VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C | VCC 
IOL = -50pA, VIL = 0.8V 0.1 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C | VCC 
IOL = -50A, VIL = 0.8V 0.1 
GND +125°C, -55°C | 5.0 | 


VCC = 4.5V, VIH = 2.25V, 425°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


1. All voltages reference to device GND. — 
2. For functional tests VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS ——— TEMPERATURE ern UNITS 


on [ese | | 
ion Z 


mm 
pe 

—E rm 
Pes 
=a 


TPHL | VCC =4.5V_ 
CP to Qn TPLH | VCC =4.5V 
TPHL | vCC=4.5V 
heal coal = 
TPLH | VCC =4.5V 
TPHL | VCC =4.5V 
CP to TC TPLH | VCC =4.5V 


2 | 
Eee] 
| 2 | 2 
| 2 | 
| 2 | 
24 
| 2. | 
Ze 
{2 | 3 
| 2 | 
| 10,41 re 
16,1 a 
pel 
eae 
Leen 
p 2 | 
ea 
| 2 | 
2 | 2 
| 2 | 
pees 


CP to RC 


TPHL | VCC =4.5V 
TPLH | VCC =4.5V 
hed 
TPHL | VCC =4.5V 
TPLH | VCC =4.5V 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


U/D to TC 


10, 11 +125°C, -55°C 


7-414 


Specifications HCTS190MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 4. of 
[ramen | soon | oche | rewenane [i a] or 
+125°C Typical 85 pF 


mi 


Input Capacitance VCC = Open, f = 1MHz +25°C 
Output Transition Time TT VCC = 4.5V +25°C 


some mo! 
Tn 


oe) 


MHz 


Maximum Operating Frequency FMAX VCC = 4.5V +25°C 

Cee. ¢ +125°C, -55°C 
Setup Time | Rak 
-Setup Time 
CE to CP 


Tit VCC = 4.5V +25°C 
Polo RL | +125°C, -55°C | 
i] 
Setup Time 
U/D to CP 


VCC = 4.5V +25°C 
. +125°C, -55°C 


ho 
~J 


(=) 


CPD 
CIN 
HL 
LH 
TSU 
TSU 
TSU VCC = 4.5V +25°C 
3 +125°C, -55°C 
Hold Time TH VCC = 4.5V 425°C 
noe  4125°C, -55°C 
Hold Time TH VCC = 4.5V +25°C 
CEO | +125°C, -55°C 
Hold Time TH VCC = 4.5V 425°C — 
U/D to OP +125°C, -55°C 
Recovery Time TREC VCC = 4.5V +25°C 
- 4125°C, -55°C 
CP Pulse Width TW VCC = 4.5V +25°C 
+125°C, -55°C 
PLN Pulse Width VCC = 4.5V +25°C 


+125°C, -55°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Nh 


4 


nm 


3 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | 200KRAD) | 
| LIMITS 
(NOTES 1, 2) TEMP- 
PARAMETERS SYMBOL "CONDITIONS ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND +25°C 0.7 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 4.0 
VOUT = 0.4V 
L 


5 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 

(Source) VOUT = VCC -0.4V 

Output Voltage Low VO VCC = 4.5V and 5.5V 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50nA 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS ae 


| eee RAD 
Parr 
(NOTES 1, 2) tans 
PARAMETERS SYMBOL CONDITIONS 
Output Voltage High VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
= RAD, VIL = 0.3V at 
; 1M RAD, IOH = -50pnA 


Input Leakage Current de 
Noise Immunity ” ie VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 
ee 
ee ee ee 
ne Cs meena 
ae 
a 
ee 
ee 


CE to RC 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | , 
PARAMETER SUBGROUP DELTA LIMIT . 
IOV/IOH aa ie -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


OO 


Group B Subgroup B-5 Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised... 


TABLE 7. TOTAL DOSE IRRADIATION 


GROUPS METHOD 


PRE RAD POST'RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
tevec-svzosv]| vec=evzosv | soxtz | 25k 


STATIC BURN-IN | TEST CONNECTIONS (Note 1 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 a ae 1,4,5,9-11,14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. . 
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AC Timing Diagrams | | | AC Load Circuit 


DUT TEST 
| POINT 


VIH 


VIL CL 


VOH — 
CL = 50pF 


‘OUTPUT " RL=500Q = 
VOL 


VOH --------------------- | [poe] | ---------- 
80% 80% . | 


OUTPUT 


VOL 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


bs 
[oo 


a 
es 
a 
es 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + ‘ich 


GLASSIVATION: 
Type: SiO» 
Thickhes= 13kA +2: 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100u.m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS190MS 
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Ly are 
i : ui oan 
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5 ia x sao bdi,™ le Ph hr — f 
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i . tt ( Poot t: ae ti —— ron Wet 
Seer ae Mao nnn rete F ay ‘+S pees 
a s.<-——- TT ay he mat! ae = ‘i ey oD 
¢, tt [oa tm alt =f = = a, | : sige tess 
|= i i af : stagens 
We ost |=: ea | oon! | ——— [im Pobre iste: 
11 6) co aR fx + . = =: one 
Q2 (6) In = [Gees = ' A (ons 8 pomp ——s i oe) 8 se ae fs woes 
yy Bt: : as OF i : t= ll 
. . 2 rt k Lm 
Detenes ott ib eee ti: phe BS be ers | ———saonamny 
Siltihs ==. , ee . Seat i'l 't ra, = : : 
aera, Sake SS 3". awe By fe me 13 ; e il ' 
rene t : TTT & : ‘ bd — Bie ) " . 
} 4 ] FS he 3 ae) us. e gis 7 = 
1 { i (—~8 ~ a 
poem ad j is Aloe = : 
L 1 4 = 
5 j ——S i alt ao ; 
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aslal fit eae : = 


all as | = 
ER nraT aa b ee 
: pa 7, Ae a Cea 
; eed Wee | 
asm fit Ea Rath reeal 
= ein a EE a 
— aati) © ott He atl aa 


at h— i : 5 ee 
ve he. e Sas 
H He =e . ees 
f BD fev eee eee 
Ait a ee 
Wye ae Md 
e Yo) oD . 
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HCTS191MS 


Radiation Hardened 
Synchronous 4-Bit Up/Down Counter 


December 1992 


Features 

e 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Immunity 2 x 10°? Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


¢ LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels ll < 5uA @ VOL, VOH 


Description | 
The Harris HCTS191MS is a Radiation Hardened asynchro- 


nously presettable 4 bit binary up/down synchronous counter. | 


Presetting the counter to the number on the preset data inputs 
(PO - P3) is accomplished by a low asynchronous parallel load 
input (PL). Counting occurs when PL is high, Count Enable (CE) 
is low, and the Up/Down (U/D) input is either low for up- counting 
or high for down-counting. The counter is incremented or decre- 
mented synchronously with the low-to-high transition of the clock. 


When an overflow or underflow of the counter occurs, the 


Terminal Count output (TC), which is low during counting, goes 


high and remains high for one clock cycle. This output can be 
used for look-ahead carry in high speed cascading. The TC 
output also initiates the Ripple Clock output (RC) which, normally 
high, goes low and remains low for the low-level portion of the 
clock pulse. These counter can be cascaded using the nipple 
Carry output. 


The HCTS191MS utilizes advanced CMOS/SOS ‘eennelony to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS191MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal ogee Dual-In-Line Package 
(D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH Cc 
TOP VIEW 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 


TOP VIEW 

P1 1° vec 

Qi 2 Po 

Qo | 3 cP 

CE 4 Rc 
UD 5 Tc 
Q2 6 PL 

Q3 7 P2 
GND 8 P3 


Truth Table 


[rucrion [A] | wo] oF 
[eons *# | tp | 7 


Preset 
[NoGhange [| # [4 | x | x | 


H = High Level — 
L = Low Level 
X = Immaterial 
_f/ = Transition from low to high 


NOTE: U/D or CE should be changed only when CLOCK (CP) 
is high. 


File Number 2250.1 


HCTS191MS 


e 


4 
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Specifications HCTS191MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 0... . cece eee eee ee eee -0.5V to+7.0V Thermal impedance ................ Bia Bic 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 1.2.2... cee aes .. 75°CW 16°C/W 
DC Input Current, Any One Input...................00e eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................ cee eee +25mA ___ Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tah -55°C 104100°C |. co ra eaecean se eee cena enews 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)...............4.- +265°C = 

Junction Temperature (TJ) ...... 0. cece cee cece eee eees +175°C 

ESD Classification ove 054 Seca sn ey $65 40S eo ees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions _ | 
Supply Voltage (VCC). ........ he eae oate wes +4.5V to +5.5V = Input Low Voltage (VIL)..... 0... cc ee eee eee eee eee 0.0V to 0.8V 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH).... 2... ce cee ee ee eee ee VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C : 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- _ 

CONDITIONS GROUPS TEMPERATURE an | UNITS 
es ee ee 
ee ee 

Output Current VCC = 4.5V, VIH = 4.5V, a ee ee 

ee YONTE OMEN [28 [_H28°,-55°0 
| +125°C, -55°C ; AOe 

Output Current VCC = 4.5V, VIH = 4.5V, a ee 


(Source) VOUT = VCC -0.4V, 


VIL aa OV +125°C -55°C 
Output Voltage Low VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50p/A, VIL = 0.8V | 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL =0.8V | 
Output Voltage High | VCC = 4.5V, VIH = 2.25V, 1,2,3 | +25°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 0.8V | -0.1 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C | VCC 
IOH = -50p1A, VIL = 0.8V 
Input Leakage VCC = 5.5V, VIN = VCC or ae | 0.5 +0.5 
ies ae | 23 p50 | +50 
+5.0 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7,8A,8B } +25°C, +125°C, -55°C | 


Functional Test VIL = 0.8V (Note 2) = 


4.8 
4.8 
0 
-0.1 


40 
750 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


7-422 


Specifications HCTS191MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 

PL to Qn: TPLH | VCC =4.5V a ee 
Ps Pepe ets 
| TPHL | VCC =4.5V ee ee ee 
al i re ee 
TPLH | VOC =4.5V ee ee ee 
Po beta — EES 
TPHL | VCC =4.5V ee ee ee 
Ce ee ae 
CP to Qn | TPLH | VCC =4.5V a ee ee 
ee See 
| TPHL | voc=4.5v ee ee 
hid we Se ee 
CP to RC EEE 
| 0,11 | +tasec,-serc | 2 
TPHL | VCC =4.8V a Ae RE HI 
CP to TC TPLH | VCC=4.5V a ee ee BS 
peer tweet 
| 
| 2 | 4 
Ped 
2 | 4 
Ee 
2 
| 2 | 3 
| 2 | 3 
ee 
ee ae 
a 
as 
eed 
= 


ied eR eae 
ad ee eee oe 
la ar 
Ha pace 


U/D to RC 


U/D to TC 


CE to RC 


NOTES: . 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V.. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| -PARAMETER SYMBOL ~ CONDITIONS NOTES | TEMPERATURE 
Capacitance Power CPD VCC =5.0V,f=1MHz +25°C 
_Dissipation ; ; | +125°C 
Input Capacitance VCC = Open, f = 1MHz 425°C 
Output Transition HL VCC =4.5V 
LH 


LIMITS — 


UNITS 
pF 
pF 
pF 
p 


Typical 36 — 
Typical 56 


a 


: +25°C - 


+125°C 
Time +125°C, -55°C 


45 


Nh 


2 


Maximum Operating . +25°C 30 MHz 
Frequency ; z 
(CPU, CPD) +125°C, -55°C MHz 


Setup Time 
Pn to PL 


+25°C 
4+125°C, -55°C 
425°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 
~  +25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
NOTE: _ . | i | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


_ 
NO 


—_ 


8 


Setup Time 
CE to CP 


ae 
NO 


8 


Setup Time 
U/D to CP 


~_— 
fee) 


1 7 


Hold Time | 
PntoPL 


HoldTime VCC = 4.5V 
CE to CP 


Hold Time | 
U/DtoCP 


Recovery Time 


aS 


2 
18 
6 


2 
20 
30 


- 


r 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ 200K RAD 1M RAD 
IMITS LIMI 
TEMP- L S IMITS 
SYMBOL ERATURE 
ICC 


| 
0.75 
IOL 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND 


+2 
VCC =4.5V, VIN= VCC or GND, 4 


0. 
VOUT = 0.4V 
4.0 


Output Current 1OH VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low VOL VCC = 4.5V and 5.5V, 


VIH = VCC/2, VIL = 0.8V at 200K 


PARAMETERS 
Quiescent Current 


Output Current (Sink) 


A 

A 

A 
V 


RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pA 


cs 
= 
hae 
ik ee 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Pe RAD 1M RAD 
TEMP- Pe LIMITS 
PARAMETERS SYMBOL ERATURE 
Output Voltage High VCC = 4.5V and 5.5V, ne oe 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOH = -50pnA 


—- VCC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 

TPLH |VCC=4.5V } 425°C 


PL to Qn | 
a 
eae 2 een Se 


SOSSCASCNSC0¢C0 ECE 


(NOTES 1, 2) 


CONDITIONS UNITS 


Input Leakage Current 


Noise Immunity 
Functional Test 


a [wa 
“LE 
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eS ee iierann eet 
Trea [veowaey idee fe 

Pe pe fee ae 
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C2 fs 
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CE to RC TPLH | vCC=4.5V 
TPHL | VCC =4.5V | 
NOTES: 


1. All voltages referenced to device GND. — 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
ae SUBGROUP a LIMIT 
IOLIOH ——————— "15% of O Hour 
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Specifications HCTS191MS 


TABLE 6. APPLICABLE SUBGROUPS 


NOTE: | 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


’ TABLE 7. TOTAL DOSE IRRADIATION 


; es . READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD — PRE RAD POST RAD 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


| ns | OSCILLATOR ~~ 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) | 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: . ; a 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin.except VCC and GND will have a resistor of 1kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6,7, 12, 13 a ae 1,4,5,9-11, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagram and Load Circuit 


VIH 
VIL 

TPLH 
VOH ---------------------- 


ee 


OUTPUT 


80% 80% 


OUTPUT 
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91MS 


DUT TEST 
POINT 
CL RL 
CL = 50pF 


RL = 500Q 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


4.50 
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Die Characteristics 


DIE DIMENSIONS: 
104x86 mils. 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA +2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm?_ 


BOND PAD SIZE: 
100um x 100um 
4x4mils 


Metallization Mask Layout 
HCTS191MS 


P1 vcc 
(1) (1 §) 
SARL ISA EMTRRIERE ABABA 
Q0 (3) 
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(13) RC 


(12) TC 


(11) PL 


BerARRS = HCS1T93MS 


Radiation Hardened 


December 1992 Synchronous 4-Bit Up/Down Counter 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Me ga-R AD (Si) MIL-STD-1835 aaa he 6, LEAD FINISH C 


* Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse | 

° Cosmic Ray Upset Immunity 2 x 10°? Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels li < 5uA at VOL, VOH 


Description 
The Harris HCS193MS is a Radiation Hardened 4-bit binary UP/ 16 PIN CERAMIC FLAT PACK 
DOWN synchronous counter. MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH 


TOP VIEW 
Presetting the counter to the number on the preset data inputs 
(PO - P3) is accomplished by a low on the asynchronous parallel Pt 
load input (PL). The counter is incremented on the low to high | = qy 
transition of the clock-up input (high on the clock-down), 
decremented on the low to high transition of the clock-down input 


vcc 
Po 


0 MR 


(high on the clock-up). A high level on the MR input overrides any rails ses 3 
other input to clear the counter to zero. The Terminal Count Up | . CPY ee Oo 
goes low half a clock period before the zero count is reached and G2 PL = 
returns high at the maximum count. Q3 P2 


ononnnat © DD — 


P3 


The HCS193MS utilizes advanced CMOS/SOS technology to or 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS193MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 


FUNCTION CLOCK UP CLOCK DOWN RESET PARALLEL LOAD 


H = High Level, L = Low Level, X = Immaterial, _/ = Transition from low to high 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3065 
Copyright © Harris Corporation 1992 7-429 
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Functional Diagram 
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Specifications HCS193MS 


Absolute Maximum Ratings 


SUPDIY VOlAGG seins ewes nt coer ase eisied Ga os -0.5V to +7.0V 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................. 0.00 eee +10mA 
DC Drain Current, Any One Output.................... .. .t25mA 
(All Voltage Reference to the VSS Terminal) — 

Storage Temperature Range (TSTG)........... « 65°C to +150°C 
Lead Temperature (Soldering 10sec)..............000- +265°C 
Junction Temperature (TJ) .... 2... cece eee eee ee +175°C 
ESD Classification ........ 6... cece cece eee eee eens Class 1 


Reliability Information 


Thermal Impedance ............008. Oia Oc 
Weld Seal DIC... ..... 0.00 cece eee . T5°C/W 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 

Power Dissipation per Package (PD) 

For T, =-55°C to +-100°C 6 2 wacsa owes We b5aN ed ened 1W 
For Ta, = +100°C to +125°C........ Derate Linearly at 13mW/C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Voltage s.4.c0006 dsa0 caevad esas sanwes +4.5V to +5.5V 
Input Rise and Fall Times at 4.5 VCC (TR, TF)........ 100ns Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)...........cc eee eee 0.0V to 30% of VCC 
Input High Voltage (VIH).......... 0. eee eee 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 501A, VIL = 1.65V 


Output Voltage High VCC = 4.5V, VIH =3.15V, 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Output Voltage Low 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 


Noise Immunity VCC = 4.5V 


Functional Test 


NOTES: 
1. All voltages reference to device GND. 


GROUP Sor | LIMITS 
A SUB- 

GROUPS TEMPERATURE mm | MA 
bee ee ie 
28 bee et 
Loe | 48 | 
| 23 | | 40 | 
pt ieee 
cee 
Ba 425°C, +125°C, -55°C =r 
teal 
Rk 
=a 

238 | 


; 7, 8A, 8B | +25°C, aa -55°C. 
VIH = 0.70(VCC), (Note 2) 
VIL = 0.30(VCC) | | 


UNITS 


425°C, +125°C, -55°C 
425°C, +125°C, -55°C VCC 
425°C, +125°C, -55°C | VCC anak 


ee 
Ee ee 


a 
peed 
mA 
mA 
ee 
< 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
A SUB- 


seit (NOTES 1, 2) 

| SYMBOL | | CONDITIONS GROUPS 
TPLH. | VCC =4.5V 

TPHL ~ | VCC = 4.5V 

| TPHL | 

CPD to TCD TPLH VCC = 4.5V 

CPD to Qn TPLH | VCC =4.5V 
ee 


LIMITS 


PARAMETER 
-CPU to Qn 


TEMPERATURE 
425°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
—. +25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
425°C 
+125°C, -55°C 


NO 
NJ 


N 
NI 


G> | 
“Joop — 


a io) 
foe) O> o>] 


pe) 


TPHL | VCC =4.5V 

PL to Qn - TPLH | VCC =4.5V_ 

TPHL | VCC =4.5V 

a 
TPLH | 


NOTES: . 
_ 1. All voltages referenced to device GND. | | | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


PARAMETER 


io) 
dy] = 


oof ® 
w 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS NOTES 
Capacitance Power VCC = 5.0V, f= 1MHz 
Dissipation ee | 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL VCC = 4.5V : 
Time H 

Ti 


 { 
a 
oe at 
ae 

Maxi i = 4, 

eee eg eee 

cPO) eee! 
Eo 
foe 
ae 
ed 
rc ae 


LIMITS 


TEMPERATURE 
+25°C 
+125°C 
= +25°C 
+125°C 
+25°C 
+125°C 
+25°C 
+125°C 


Typical 35 
Typical 50 


=| 


x 


+25°C 
+125°C 
+25°C 
+125°C 
+25°C 
+125°C 


NO 


—_—, —k 
ATO tO 
=m | NOT MO 


H 
L 
Setup Time Pn to PL VCC = 4.5V 
Hold Time Pn to PL TH VCC = 4.5V 
H 


S 
Hold Time CPD to T VCC = 4.5V 
CPU or CPU to CPD 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER | SYMBOL yay NOTES 
Pulse Width CPU to TW VCC = 4.5V 
CPD | 
Pulse Width PL VCC = 4.5V 


a 

Ete 

a ae 

=e 
insets Wheel incinsiDRIIN sx 
| ee 

=a 

ae 

ae 

oes 


TEMPERATURE 
+25°C — 
+125°C 
+25°C 
+125°C 
+25°C 
+125°C 
+25°C 
4+125°C 
+25°C 
+125°C 


Recovery Time PL TREC | VCC=4.5V 

to CPU, CPD . 
Recovery Time MR TREC VCC = 4.5V 

to CPU, CPD 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


UNITS 


V 
Vv 


TABLE 4..DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIM LIMITS | 
‘(NOTES 1, 2) . i 
PARAMETERS SYMBOL 


TE 
' CONDITIONS ERATURE 
Output Current 
(Source) 


VCC = 5.5V, VIN = VCC or GND zn ie 0.75 | 
Output Voltage Low | 


> 


cc 
OL VCC = 4.5V, VIN = VCC or GND 425°C | 
VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND +25°C -4.0 
VOUT = VCC -0.4V 
OL 
OH 
FN 


© 
© 
re) 
wl 


Eo 
ee 


vcC 


Output Voltage High 


VCC = 4.5V and 5.5V, 425°C | VCC 
VIH = 0.70(VCC), | 0.1 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOH = -50HA 


VCC = 5.5V, VIN = VCC or GND 


Input Leakage Current 


Vv VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA | 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 


: 
CS 0S 
<a 


+5 | 
7 


CPU to Qn TPHL | VvCC=4.5V 
CPU to TCU TPHL | VCC=4.5V +25°C 
TPLH 
CPD to TCD TPHL | vCC=4.5V 
TPLH 


2 


a © 


| MAX | 
a 
ars | 
ca 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PSE Bee (NOTES 1, 2) 
PARAMETERS - CONDITIONS 


CPDtoQN  =tit«ws VCC = 4.5V 

PLioQn | TPLH |vcc=4.5V — | 
i 

fwaeon | tea |vooway 


NOTES: 
1. All voltages referenced to device GND. — 
- 2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| : - GROUPB ne: } 
PARAMETER SUBGROUP DELTA LIMIT 
IOLIOH a ae -15% of 0 Hour 


- TABLE 6. APPLICABLE SUBGROUPS | 


10 


Oc 
a 
iO 
2 a a 
[emo Cid; C( Serio | aa reneeran | 


NOTE: 
1. Alternate group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: . 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


"16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


i ee Ee ne] # 7 - | 


NOTES: 
4. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 fis Oe 1,4,5,9-11,14-16 | 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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O 
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AC Timing Diagrams 


UFMAX 


INPUT LEVEL 


CPUORCPD ys 


QN 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH — 


— Beet INPUT LEVEL. 
Nf | 
INPUT LEVEL 


- TREC 


PARALLEL LOAD PULSE WIDTH, PARALLEL LOAD 
TO OUTPUT DELAYS, AND PARALLEL LOAD TO 
CLOCK RECOVERY TIME 


LEVEL 


SETUP AND HOLD TIMES DATA TO PARALLEL LOAD (PL) 


INPUT LEVEL 


cPpuorcpp VS VS 


TPLH ~ 


CLOCK TO TERMINAL COUNT DELAYS | 


INPUT LEVEL 


MR 
INPUT LEVEL 
CPU OR CPD 
—>| TPHL 
QN | vs 


| MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT 


DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 80% 


OUTPUT 


AC Timing Diagrams 
AC VOLTAGE LEVELS 


PARAMETER 


VOL 
OUTPUT TRANSITION TIME 

AC Load Circuit 

DUT TEST 

POINT 
CL RL 
CL = 50pF 
RL = 500Q = 


HCS193MS 


Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 
2642um x 2185um 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA Ba 1kA 


GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4x4mils 


Metallization Mask Layout 


HCS193MS 
Q2 P1 vcc 
(2) (1) (16) 
pela RE RAN RRAKALT Bp igre ens pater. 
ante be re ef ft ie}: ) 3 
pl | Ti perso . eA Fa SSEEL c15) Po 
Qo (3) = lt | ey 
ah -faee 
IF iti me E (13) Te 
CPU (5) 
(12) TCU 
Q2 (6) 
(11) PL 
Q3 (7) 
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Radiation Hardened 


December 1992 | Synchronous 4-Bit Up/Down Counter 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)s 20ns Pulse 
¢ Cosmic Ray Upset Immunity 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 


- VIH = VCC/2 Min 
16 PIN CERAMIC FLAT PACK 
* Input Current Levels li < 51A at VOL, VOH MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
a TOP VIEW 

Description m= re 
The Harris HCTS193MS is a Radiation Hardened 4-bit binary Qi 2. 
UP/DOWN synchronous counter. ao 3 
Presetting the counter to the number on the preset data inputs | CPO 4 
(PO - P3) is accomplished by a low on the asynchronous parallel CPU 5 
load input (PL). The counter is incremented on the low to high Q2 6 
transition of the clock-up input (high on the clock-down), Q3 7 

8. 


decremented on the low to high transition of the clock-down input 
(high on the clock-up). A high level on the MR input overrides any 
other input to clear the counter to zero. The Terminal Count Up 
goes low half a clock period before the zero count is reached and 
returns high at the maximum count. The Terminal Count Down 
mode goes low half a clock period before the maximum count 
and returns high at the maximum count. 


The HCTS193MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS193MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3066 
Copyright © Harris Corporation 1992 7-438 


HCTS193MS 


Truth Table 


FUNCTION CLOCK UP CLOCK DOWN RESET PARALLEL LOAD 
Count Up 


ae Se 


H = High Level, L = Low Level, X = Immaterial, _/ = Transition from low to high 


Functional Diagram 


> 15 > 1 > 10 -) 


MR 
11 
>> 
P 
5 
CPU 
\/ 
12 
TCU 
» 43 
, TCD 
/\ 
4 
CPD 
8 
o—— GND 
16 
o— VCC 
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Specifications HCTS193MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... cc eee cee cee eens -0.5V to+7.0V. Thermal Impedance ................ Ba i 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC..............-000% 75°C 16°C /W 

DC input Current, Any One Input............. aaietiekies ....£10MA Weld Seal Flat Pack............... 64°C/W 12°C/W 

DC Drain Current, Any One Output......... idriaaecawaean +25mA __ Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) For Ta =-55°C to +100°C 3c. tedw canvas Seuewes 1W 

Storage Temperature Range (TSTG)........ ».. 65°C to+150°C = For Ta = +100°C to +125°C........ Derate Linearly at 13mW/C. 
_ Lead Temperature (Soldering 10sec)..... Rates Sigtin tia +265°C 

Junction Temperature (TJ) 2... 0... cece eee cece eee +175°C 

ESD Classification ............. techies S GAM Sse ts yh sasten Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). 2.2... 2. cece eee ce eee +4.5V to+5.5V =‘ Input Low Voltage (VIL)........ sh iu ae Meek 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. = Input High Voltage (VIH)........... 0. cece eee eee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) _ ASUB- 
PARAMETERS SYMBOL CONDITIONS ‘| GROUPS TEMPERATURE 
Quiescent Current VCC = 5.5V, ar. 
. , VIN = VCC or GND 


VIL = OV +125°C, -55°C 


ae 
| 23 | 
| 23 | 
Eo 
| 
VCC = 4.5V, VIH = 2.25V, 425°C, +125°C, -55°C 
ee 2 
Es eet 


75 


Oo 


Output Current | IOH VCC = 4.5V, VIH = 4.5V, 


(Source) VOUT = VCC -0.4V, 


Output Voltage Low 
lOL = 50pA, VIL = 0.80V 


VCC = 5.5V, VIH = 2.75V, 


—_, 


| 425°C, +125°C, -55°C | 
| be IOL = 50pA, VIL = 0.8V 
Output Voltage High VCC = 4.5V, VIH=2.25V, | 1,2,3 | +25°C,+125°C, -55°C | VCC 
oa IOL = 50pA, VIL = 0.80V ; 


VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C | VCC 


IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND | 


Input Leakage 
Current 


ao 
oO 


Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
VOL 
VOH _ 
FN 


Noise Immunity 
Functional Test 


© S 
as = 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 
VIL = 0.8V (Note 2) |. 
NOTES: . 
1. All voltages reference to device GND. ; 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
PARAMETER SYMBOL TEMPERATURE UNITS 


A SUB- 


GROUPS 
CPU to Qn TPLH VCC = 4.5V 
| 10, 11 +125°C, -55°C 


(NOTES 1, 2) 
CONDITIONS 


2 
10, 11 +125°C, -55°C 


mn 
ee 
az 
CPD to Qn TPLH | VCC=4.5V a ee ee 

eS ee 
| fee 

PL to Qn TPLH | VCC =4.5V ae ie ae ee 

One hene —fREP ESAS EE 
=a ae ee ieee 

CN Eo 

inguciial =a ee 
oe 


+125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
‘2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 1 Typical 35 
Pissipation 1 4+125°C Typical 50 
Input Capacitance CIN VCC = Open, f = 1MHz 1 
: +125°C 
Output Transition TTHL | VCC =4.5V 1 
Aime oH +125°C, -55°C 
U 
H 
H 


= 


M 


pF 
pF 
pF 
pF 
Hz 
MHz 


Maximum Operating | FMAX | VCC =4.5V 1 
Frequency (CPU, 0 0 
CPD} 1 -4425°C, -55°C 


be 

Ls 

—— 

: eel 

ee 

ae 

Setup Time TS VCC = 4.5V 1 
La eed a ec 
Le 

! ae 

Ee 

Za 

ed 


+125°C, -55°C 


+125°C, -55°C 


+125°C, -55°C 


Pato PL +125°C, -55°C 
Hold Time CPD to T VCC = 4.5V 

CPU or CPU to CPD 

Pulse Width TW VCC=4.5V 

CPU to CPD | 

Pulse Width PL VCC = 4.5V 


MAX 
| 10 
| to 
p22 
25 
a 
ae 
Poe 
eed 
=a 
Lee 
ae 
ae 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Pulse Width MR VCC = 4.5V. 


Tw [aX 

erie oe cea 

Se oA 

eae [ee 
= | a 
ara a ae 

ae ce ee 


Recovery Time TREC VCC = 4.5V 
MR to CPU, CPD 


+125°C, 55°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via aedigh or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These ‘Parameters.a are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST + RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ae RAD 1M RAD 
TEMP- ae LIMITS 
PARAMETERS SYMBOL ERATURE 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VCC = 4.5V or 5.5V, VIH= VCC/2,} +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = S0nA 
Output Voltage High VCC = 4.5V or 5.5V, VIH = VCC/2, | +25°C ot 
. VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = -50pA 
Input Leakage Current | IN| VCC = 5.5V, VIN = VCC or GND 
Noise Immunity - VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test . VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
CPU to Qn TPLH | VCC=4.5V. 
TPHL | VCC =4.5V 
CPD to Qn TPLH |VCC=45V 
TPHL | VCC =4.5V 
PL to Qn TPLH | VCC =4.5V oe) 
 TPHL «| vcc=45v 
NOTES: | 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


(NOTES 1, 2) 
CONDITIONS 


VCC 


on 


on 


> 
oO 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOL/IOH a ae -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


initial Test (Preburn-In) ICC, IOV/H 
Interim Test I (Postburn-In) ICC, |OL/H 
Interim Test II (Postbum-In) ICC, 1OL/H 
Interim Test It (Postbum-In) ICC, |OL/H 
Group Ae 
feo SSSS*dYSS atts 


NOTE: 1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


vU 
oO 
> 


0 
O 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


© 
© 
oO 
~d 


TABLE 8. DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC =3V+0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN I! TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) . 


NOTES: . 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


VCC = 6V+0.5V 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2, 3, 6, 7, 12, 13 PB 1,4,5,9-11,14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS193MS 


AC Timing Diagrams 


> UFMAX 


CPUORCPD ys INPUT LEVEL 


QN 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH 


—_———_ INPUT LEVEL 


INPUT LEVEL 


PL 
TREC 

CPU 

INPUT 
OR 
eon LEVEL 

TPLH 

QN vs vs 


PARALLEL LOAD PULSE WIDTH, PARALLEL LOAD 
TO OUTPUT DELAYS, AND PARALLEL LOAD TO 
CLOCK RECOVERY TIME 


PN LYM NS LEE ~~ LEVEL 
TSU(L) 

= —— INPUT 

PL LEVEL 


cPpuoRcpp VS 


INPUT LEVEL 


TPLH 


CLOCK TO TERMINAL COUNT DELAYS 


‘ie INPUT LEVEL 
INPUT LEVEL 
CPU OR CPD 
— TPHL 
QN vs 


MASTER RESET PULSE WIDTH, MASTER RESET TO OUTPUT 
DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 80% 


_ Qe=p Q=p VOL OUTPUT 
QN WY De , 
SETUP AND HOLD TIMES DATA TO PARALLEL LOAD (PL) OUTPUT TRANSITION TIME 
AC Timing Diagrams AC Load Circuit 
AC VOLTAGE LEVELS ain = 
POINT 
PARAMETER 
CL = 50pF 
RL = 5000 | = 
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Die Characteristics 


DIE DIMENSIONS: 
104 x 86 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
< 2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


aie 4: 1) fl nl 


a) 


=a =a 
=a 
= 
: yas 


Si he ; : i 
re biti slate!'s ut 
Hedeahe 
8%, et. eer _ = 
sa = = 


i 


yi 


HCTS193MS 


HCTS193MS 
P1 vcc 
(1) (16) 


SE 


(15) Po 


SS . 
rt 


(14) MR 
(13) TCD 

ttt Ihe 

ail . Weg 
Llanes iS Paaaee 
2 ik = Neel (12) TCU 

ie le III Fete fe i 
== alg (11) PL 
e ry A cy it : 
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BrARRIS = HCS1T95MS 


Radiation Hardened Inverting 


December 1992 8-Bit Parallel-Input/Serial Output Shift Register 
Features Pinouts | 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR, CDIP2-T16, LEAD FINISH C 


TOP VIEW : 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 3 


¢ Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day 
(Typ) _ 


e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Standard Outputs - 10 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


16 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F16, LEAD FINISH C 


¢ Input Current Levels li < 5A at VOL, VOH | TOP VIEW 

Description | * : ot 
The Harris HCS195MS is a Radiation Hardened 8-Bit Paral- K 3 at 
lel-In/Serial-Out Shift Register with complementary serial Do ‘ a2 
outputs and an asynchronous parallel load input. ai : es 
The HCS195MS utilizes advanced CMOS/SOS technology D2 6 re] 
to achieve high-speed operation. This device is a member of D3 7 cP 
radiation hardened, high-speed, CMOS/SOS Logic Family. GND A SE 


The HCS195MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


INPUTS OUTPUTS 


Dn or Qn = referenced input (or output) one set-up time prior to clock 
lor h = level one set-up time prior to clock 
_/ = positive clock 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 338 5 
Copyright © Harris Corporation 1992 7-446 


HCS195MS 


Functional Diagram 
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Absolute Maximum Ratings Reliability Information a | 
Supply Voltage (VCC). 0... cece cee cee ee cece -0.5V to+7.0V Thermal impedance ................ Gia Bic 
Input Voltage Range, All Inputs ............ .-0.5V to VCC +0.5V Weld Seal DIC................... 75°CW 16°C/W 
DC Input Current, Any One Input............. SRE ee ere +10mA Weld Seal Flat Pack............... "64°C/W 12°C/W 
DC Drain Current, Any One Output........ Li seraael sen Reston +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) : For Ty = -S5°C to 100°C oi cscs wes cee eeenwwwieeine ea 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 18mW/°C 

Lead Temperature (Soldering 10sec).............2000% +265°C 

Junction Temperature (TU) .... 5... ccc cece eee cece aces +175°C | 

ESD Classification... 0.044 0i2s0s0000se0e0840% ind e286 Class 1 


(All voltage reference to VSS) 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage (VCC). . 0... eee ee ee ee eens +4.5V:'to +5.5V = Input Low Voltage (VIL)........... ee ee eee OV to 30% of VCC 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ...... 10ns Max = Input High Voltage (VIH)............ 0s eee VCC to 70% of VCC 
Operating Temperature Range (Ta) ...... ehuca -55°C to +125°C _7 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
AOL 


GROUP 
A SUB- 
GROUPS 


TEMPERATURE 
. 0 


7 


rc 
5 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
(Note 2) 


boa, 
BE a 
baer | 


5 
0. 


Output Current IOH_ =| VCC =4.5V, VIH=4.5V, 
(Source) VOUT = VCC -0.4V, On _ERO : 
VIL = OV (Note 2) +125°C, -55°C 4.0 
Output Voltage Low VOL VCC = 4.5V, VIH = 3.15V, 1 


IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85, 
IOL = 50pA, VIL = 1.65V 


VOH VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


Bink bevanoat 
Msc clacaaledael 


1,2,3 
VCC =5.5V, VIN = VCC or +25°C 
GND +125°C, -55°C 
FN VCC = 4.5V, 7,8A,8B | +25°C, +125°C, -55°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 3) | 
NOTE: 


1. All voltages reference to device GND. 
2. Force/measure functions may be interchanged. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Voltage High 


Input Leakage 
Current 


I+ 
on 
© 


Noise Immunity 
Functional Test 


ro) S bh 
ner —_ (oe) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTES 1, 2) 
PARAMETER | SYMBOL CONDITIONS TEMPERATURE Sm | Max UNITS | 
(CP - On vit =0 ot | vase, se0 | 2 | a2 | ns 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF.= 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER | SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | 


UNITS 


MR to CP Removal! | TREM | VCC =4.5V, VIH=4.5V 
Time VIL = 0.0V 
Recovery Time TREC | VCC =4.5V, VIH =4.5V 
PL to CP VIL = 0.0V 


Capacitance Power | CPD | VCC=5.0V,VIH=5.0V, | Typical60 | pF 
Dissipation ViL= 0.0V, f= 1MHz Typical 80 pF 
Input Capacitance VCC = 5.0V, VIH = 5.0V ee ee ee 
+125°C | 410 | pF 
Output Capacitance COUT VCC = 5.0V, VIH = 5.0V | 20 | pF 
Pulse Width Time TW | VCC =4.5V, VIH =4.5V Pr. ee ee 
(CP or MR) VIL = 0.0V 125°C ne aS 
Setup Time Tu | voo= ee 
+125°C 
Hold Time TH VCC = 4.5V, VIH = 4.5V rr eee 
| 30 H 


M 
MH 


eae 
fe 
16 
24 
| 20 
16 
24 
20 
30 
Frequency VIL = 0.0V 
Output Transition | TTHL 
Time TTLH VIL = 0.0V 


Pee 
eS ee 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. — 


N 


VCC = 4.5V, VIH = 4.5V, 
VIL = 0.0V 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTES 1,2) TENP- LIMITS nits 
PARAMETERS | SYMBOL CONDITIONS _ ERATURE | MIN | MAX | MIN | 
_| Supply Current | ICC | VCC =5.5V, VIN= VCC or GND | oe | 


‘Output Current (Sink) © VCC = VIH = 4.5V, VOUT = 0.4V, +25°C 4.0 - 
VIL=0 
Output Current VCC = VIH = 4.5V, +25°C -4.0 
(Source) VOUT = VCC - 0.4V, VIL=0 . 
| ” 
VCC = 5.5V, VIN = VCC or GND 
Noise Immunity 5°C 
| Functional Test | 


2 

Output Voltage Low VCC = 4.5V and 5.5V, +25°C 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

] VIL =.0.12(VCC) at 1M RAD, 
IOL = 50yA | 
¥ 
| Propagation Delay TPHL1 VCC = 4.5V, VIH = 4.5V, VIL =0V +25°C 7 

(CP - Qn) 


UNITS 


-4.0 


m 

m 

m 
Vv 


A 

A 

A 
V 


Output Voltage High 
1 


VCC = 4.5V and 5.5V, 425°C | VCC 
VIH = 0.70(VCC), 0 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOH = -50HA 


Input Leakage Current 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


+5 


Propagation Delay TPHL2 VCC = 4.5V, VIH = 4.5V, VIL = OV +25°C 
(MR - Q0-3) . 

Propagation Delay TPLH2 | VCC =4.5V, VIH = 4.5V, VIL =0V +25°C 
(MR - Q3) 


NOTES: 
1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests VO = 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


lel) Bl): 


ICC 
IOL 
VOL - 
VOH 
+ 
Propagation Delay TPLH1 VCC = 4.5V, VIH = 4.5V, VIL = OV +25°C 
(CP - Qn) 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


Ln GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


Ce 
IOLIOH | 515% of O Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


DA 


foe 
A 
OT 
Group A (ot Sempierso0s | 1, 2,3,7.8A,08,0,1017 [SS 
ee ne 
food SSOSCSCS~S~S~S~SSS amps TOA | SSC~*™ 


NOTE: 1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD © POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 | 49s] Table 4 (Note 1) 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | | 


UN ce eM ee eee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
a 0 en 
NOTES: | 

1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 

2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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LOGIC 


HCS195MS 
AC Timing Diagram and Load Circuit 


DUT TEST. 


-VIH POINT 
VIL CL 
VOH 
oa CL = 50pF 
OUTPUT ~ = | _ RL=5000 = 
VOL | , | 
VOH AC VOLTAGE LEVELS 


80% 80% 


panaweren [Wes | UTS 


Pulse Width, Setup, Hold Timing Diagram Positive Edge Trigger 


OUTPUT 


< 


< 


< 


< 


DUT TEST 


INPUT ~-"-"--7-77- POINT 
VIH 
CL RL 
VIL 
CPINPUT ------------------- CL = S0pF 
VIH 
RL = 5000 — 


VIL 


TH = Hold Time 
TSU = Setup Time 
TW = Pulse Width 
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Die Characteristics 


DIE DIMENSIONS: 
95 x 94 mils 
2.380 x 2.410mm 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO», 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4x4mils 


Metallization Mask Layout 
HCS195MS 
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Radiation Hardened 


December 1992 Octal Buffer/Line Driver, Tri-State 

Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE | 
* Total Dose 200K or 1 Mega-RAD(SI) MIL-STD-1835 Cee ge ee LEAD FINISH C 
° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse E17 
e Latch-Up Free Under Any Conditions Ao1 [2 
e Fanout (Over Temperature Range) ¥3 21/3] 

- Bus Driver Outputs ............. 15 LSTTL Loads A11]4| 
¢ Military Temperature Range........ -55°C to +125°C Y22|5, 
¢ Significant Power Reduction Compared to LSTTL ICs A216) 
e DC Operating Voltage Range ........... 4.5V to 5.5V oo ri 
e LSTTL Input Compatibility Yo2Tal 

- VIL=0.8V Max Gnp fio 

- VIH = VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH | 20 PIN CERAMIC FLAT PACK 

MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
Description Os Geek 
The Harris HCTS240MS is a Radiation Hardened inverting ie a. i 
octal buffer/line driver, tri-state, with two active low output} =) : 176 
enables. | - 
A11- 4 2A3 

The HCTS240MS utilizes advanced CMOS/SOS technology Y22 5 1¥7 
to achieve high-speed operation. This device is a member of A21 6 2 A2 
radiation hardened, high-speed, CMOS/SOS Logic Family . Yi2 7 1Y2 
The HCTS240MS is supplied in a 20 lead Weld Seal os : aot 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- Yo2 9 1Y3 
Line Package (D suffix). | GND 10 2A0 


Truth Table Functional Diagram 


INPUTS OUTPUT 


AlAely 
LS S 


X = Immaterial 
Z = High Impedance 


H = High Voltage Level _ , 
L=Low Voltage Level | /\ /\ /\ /\ /\ /\ /\ /\ 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 21 05.1 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). 0... . cee eee eee eee -0.5V to+7.0V Thermallmpedance ....... i Ane wade Gia 8. 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2... eee eee ee 75°C/W 16°C/W 
DC Input Current, Any One Input............... 0.2 eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................... +25mA ___— Power Dissipation per. Package (PD) . 
(All Voltage Reference to the VSS Terminal) For Te = 55°C 10 F100O bia es abwes seadcadenmee sess 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... 0... cee ccc ee ener e eee +175°C 

ESD Classificationc.cwics ccna vad bo ied a9 eS wa Class 1 


CAUTION: As with all semiconductors, stress listed under ‘Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent. 


damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 

Supply Vollage.ts..6 sek ce oeen sae G case snwi ets +4.5V to +5.5V—s Input Low Voltage (VIL)... eee ee eee ee 0.0V to 0.8V © 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH)............ 2. eee eee ee 2.0V. to VCC 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 
CONDITIONS GROUPS TEMPERATURE 


VCC = 5.5V, +25°C 
VIN = VCC or GND 


+125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, 425°C 
(Sink) VOUT = 0.4V, VIL = OV 125°C, -55°C 
+25°C 


+125°C, -55°C 


LIMITS 
UNITS 


Output Current hed |. = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL =0V 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 1,2,3 +25°C, +125°C, -55°C 


IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
-0.1 


IOL = 50pA, VIL = 0.8V 
+25°C, +125°C, -55°C | VCC 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


Input Leakage VCC = 5.5V, VIN = VCC or —— +25°C 
ee me 9 
+125°C, 55°C 


pA 


ofa 
pa 
3 
a 
Ce 


Tri-State Output VCC = 4.5V and 5.5V, 


Leakage Current Applied Voltage = OV or 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
Functional Test VIL = 0.8V (Note 2) 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


t 
oO 
ou 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
“Input to Output TPHL | -VCC=4.5V 
|) TPLH 


GROUP 
A SUB- 
GROUPS 


win | max 

| 8 | 2 | 5 

Tet [ieee 2 | m0 

Enable to Output TPZL | VCC=4.5V ee ee ee 
a ee et 
oz 2 | 25 | 

P1041 2 | 35 | 


Disable to Output TPLZ | vcc=4.5v 
TPHZ |. 


: +125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input tr = tf = 3ns, VIL = GND, VIH = 3V. 


. TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


tae. (NOTE 1) 
_ PARAMETER CONDITIONS TEMPERATURE | MIN | MAX. | 


Capacitance Power Dissipation CPD | VCC =5.0V,f=1MHz | Typical 35 
| 2 


Input Capacitance ; | VCC = Open, f = 1MHz | 10 pF 
Output Transition Time TTHL | VCC =4.5V | 
TTLH : 
| | +125°C, -55°C 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIM LIMIT 
TEMP- dhe . 
ERATURE | MAX — UNITS 


VCC = 5.5V, VIN = VCC or GND 
= = : +, 


(NOTES 1, 2) 
CONDITIONS 


PARAMETERS ~| SYMBOL 


Output Current (Sink) I VCC = 4.5V, VIN = VCC or GND 25°C 
VOUT = 0.4V 


MIN 
fou 
425°C ¥ 
es 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = 50uA 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -50pA 


VCC = 5.5V, VIN = VCC or GND 


Output Voltage High -VOH +25°C | VCC 


Input Leakage Current 


8 fs fs | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 200K RAD iMRAD | 
| LIM LIMITS 3 
TEMP- debs 
PARAMETERS SYMBOL ERATURE 
N 


Noise Immunity FN - VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
Input to Output _ TPHL VCC = 4.5V +25°C 
TPLH 


(NOTES 1, 2) 
CONDITIONS | 


Enable to Output TPZL VCC = 4.5V +25°C 
TPZH 
Disable to Output TPLZ VCC = 4.5V 
TPHZ 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER SUBGROUP DELTA LIMIT 
fee 
Ci 
CL 


TABLE 6. APPLICABLE SUBGROUPS 


A 


z es 
[nisin Toatm Pestana | _voowsoos [ae iS 
i 
OO 
[eiowpawoo +d Senpivenos | taarencsaion f 

a 
[eco SS*d Cie | meme eIO | 


NOTE: 
1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR ) 
GROUND 112VCC=3V+0.5V | VCC =6V+0.5V - 50kHz ae 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


3, 5, 7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 10, 11, 
13, 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 5, 7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 11, 13, 
15,17,19,20 — 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2). 


3, 5,7, 9, 12, - 2,4, 6,8, 11, | 
14, 16, 18 43,15, 17 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND.will have a-resistor of 680Q + 5% for dynamic burn-in 


TABLE 9.’ IRRADIATION TEST CONNECTIONS 


OPEN GROUND VCC =5Vt0.5V | 
3, 5, 7, 9, 12, 14, 16, 18 1,2, 4, 6, 8, 11, 13, 15, 17, 19, 20° 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | | AC Load Circuit 
DUT TEST 
VIH POINT 
VIL oe 
VOH 
; CL = 50pF 
OUTPUT - RL = 50002 = 


80% ~ 


80% 
OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


a a 
Sa 
a 
a a 
a 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH vcc 
<=> 
vss RL 
aid POINT 
CL 


CL = 50pF 
RL = 5002 


Tri-State High Timing Diagrams Tri-State High Load Circuit 


DUT TEST 


© 
0) 
Oo 
I 


CL = 50pF 
RL = 5002 
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Die Characteristics 


DIE DIMENSIONS: 
102 x 70 mils 


METALLIZATION: | 
Type: SiAl 
Metal Thickness: 11kA + 1kA _ 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 
Metallization Mask Layout 
HCTS240MS 


“] (19) 20E 


(2) AO 1 
| (4) OE1 
| (20) vec 


| (18) 1 YO 


ava fd feel! 


: (17)2A3 


—-¥22(5) 4 fos ‘ (16) 1¥1 


=| (15)2.A2 


——: 


- vA ry) 
q : ) be 
Crome Haat PHT |i Goeety 
(es) : HY ey 
Ca tts a 
Py i 
pelecete ess i) . C 
rae ‘ soos SB 
Ona Af atcs SoU qed 
} i Pee 11h! ) Cia 
° HO ELSa CHESS AHR 
p , : + 
ers; iE 
iy ‘ ( : H 
ray H U 


Yan | ES== i yd be] ar ye 


a21(6) |: 


sti) | 


2 : (13) 2 A1 
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Features 


¢ 3 Micron Radiation Hardened CMOS SOS 
¢ Total Dose 200K or 1 Mega-RAD(Si)/s 
Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 
Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 
¢ Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 
- VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS244MS is a Radiation Hardened Non-Invert- 
ing Octal Buffer/Line Driver, Tri-State, with two active-low 
output enables. 


The HCS244MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS244MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line 
Package (D suffix). 


Truth Table 


reese | « 
moe 
ac 


H = High Voltage Level 
L= Low Voltage Level 
X= Immaterial 

Z= High Impedance 


c- 


<= 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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| Radiation Hardened 
Octal Buffer/Line Driver, Tri-State 


Pinouts ; 
20 PIN CERAMIC DUAL-IN-LINE © 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 


TOP VIEW 
OE 1 vcc 

Ao 1 2 OE 

Y3 2 1 Yo 

Ail 1 2 A3 

Y2 2 1 Y1 

A2 1 2 A2 

Y1 2 1 Y2 

A3 1 2 Al 

yo 2 1 Y3 

GND 2 AO 

20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 

TOP VIEW 
CO to 4 vcc 

AQ 1 oj 2 2 OE 
Ys. 2." 8 1 YO 
Ati =i 4 2 A3 
225 1 Y¥1 
A218) I 6 2 A2 
Yt .2 CS 7 1 Y2 
A3 1 Cl) 8 2 Al 
Yo 2 LL} 9 1 Y3 
GND ——_—_——_————J 10 2 AO 


Functional Diagram 
1¥0 1¥1 
1 


1¥2 1Y3 2YO° 2Y1 2Y2 2Y¥3 
4 912 09 07 5 : 


Al 2A2 


File Number 2132.1 


Oo 
Oo 
Oo 
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Specifications HCS244MS 


| Absolute Maximum Ratings . 


Reliability Information 


Supply VORAGC ws... ce eeev eve beceeee wees ues -0.5V to+7.0V Thermal lmpedance ................ Gia ) 

Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...........00e cece 75°CW 16°C/W 
DC Input Current, Any One Input...............00 cece eeee +10mA Weld Seal Flat Pack..............4- 64°C/W 12°C/W 
DC Drain Current, Any One Output.................02 000s +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal For Ta= -55°C to F100 6 os Ssevnvciededndoaweseewes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C Derate Linearly at 13mW/°C 

Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... 2.0... cece cece cee ee eens +175°C 

ESD Classification .......... eee cee eee eee eee eee eee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied fo devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. . 


Operating Conditions 


SUDDIY VOlAQG ccc os sade ees een eee wewne ss +4.5V to +5.5V =‘ Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max _ Input High Voltage (VIH)...............26- 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | LIMITS | 
A SUB- 
PARAMETERS SYMBOL GROUPS TEMPERATURE ries UNITS 
Quiescent Current |* 
Output Current 
(Sink) 


Ee ee ee 
Ce AE 
ocetted 

Output Current 

(Source) 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 

VCC = 4.5V, VIH = 3.15V, 
JOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 

Applied Voltage = OV or 
VCC, VCC = 4.5V and 5.5V 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


Output Voltage Low 


Output Voltage High 


input Leakage 
Current 


+25°C 
+125°C, -55°C 
Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 


cCcCEEEECUCG: 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized a: as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
‘| Propagation Delay TPLH VCC = 4.5V a ee 
aie 3 


Max 
3 ame 

Tia | wesc. [2 | as 
Enable to Output TPzL | vCcC=4.5V ee ee 
paki (isk a vic ee ce 
nase Siok ec Pe oe oe ace 

Tot | wees [ef ae 
Disable to Output TPLZ | vCC=4.5V ee ee ee 


NOTES: | 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE | MIN 
Capacitance Power VCC = 5.0V, f = 1MHz ee Typical 30 
Dissipation 


CPD = 1 
4 ce ee ce 
ee ee 
| eae 
an . 


Output Transition TTHL | VCC =4.5V 
Time TTLH 


+125°C, -55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMP- 
PARAMETERS | SYMBOL ERATURE 


Quiescent Current | cc | VCC = 5.5V, VIN = VCC or GND 
+, 


ICC f{ = : = 2 
Output Current (Sink) jOL VCC = 4.5V, VIN = VCC or GND, 25°C 
VOUT = 0.4V 
2 
VOH 


Output Current VCC =4.5V, VIN=VCCorGND, | 425°C | 
(Source) VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


Output Voltage Low VOL {VCC =4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50nA 

Output Voltage High +25°C 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 


Tri-State Output Applied Voltage = OV or VCC +25°C 
Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
CONDITIONS 


Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL =0.12(VCC) at 1M RAD, (Note 3) 


ropagationDelayData| TPLH, |VCC=4.5V : 
to Output TPHL 
TPZL VCC = 4.5V 
TPZH | VCC =4.5V 


Disable to Output . TPLZ, | VCC =4.5V 
TPHZ 


1. All voltages referenced to device GND. es 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


3. For functional tests, VO 2 4.0V is recognized as a logic “1 "and VO <0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


Ce 
IOL/IOH ae Sar -15% of O Hour 
oanor ee 


TABLE 6. APPLICABLE SUBGROUPS 


SO 
POR C*dC toe [78a 
[FatTet—————SSSCSC*d;Coo ROTO | 
[oouawoey | Sanpoeons | naanenenai0i | 
a 
La 


NOTE: 1. Alternate group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


| | TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD | POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% go/no-go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR © 
1/2 VCC = 3V + 0.5V VCC =6V+0.5V _ a 


STATIC | BURN-IN (Note 1) 


3, 5, 7, 9, 12, 14, 16, 18 1, 2, 4, 6, 8, 10, 11, 
13, 15, 17, 19 


STATIC Il BURN-IN (Note 1) 


3, 5,7, 9, 12, 14, 16, 18 10 1, 2, 4, 6, 8, 11, 13, 
15, 17, 19, 20 


DYNAMIC BURN-IN (Note 2) 


1, 10, 19 3, 5, 7,9, 12, 14, 16, 2, 4, 6, 8, 11, 
18 13, 15, 17 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 68OKQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 5,7, 9, 12, 14, 16, 18 1,2, 4, 6, 8, 11, 13, 15, 17, 19, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


DUT TEST 
POINT 
VIH 
VS XQ ae | 
VIL 
TPLH 
CL = 50pF 
VOH --------------- 2-2 =: | pee, =| C- - - - - - - - - - - RL = 500Q = 
OUTPUT 
VOL AC VOLTAGE LEVELS 


VOH --------------------- | | pmemmeemey| |. 
80% 80% 


VOL _ OUTPUT 
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Tri-State Low Timing Diagrams and Load Circuit. 


ViH = 


RL 
VIL i 
| __. TEST 
DUT POINT 
voz j 
OUTPUT CL = 50pF 
VOL --------------------- | \mememeen | ----------- 


RL = 5000 


| TEST 
| | POINT 
VIH , , 
. CL = 50pF 
7 7 RL = 5002 
VIL , 
VOH 
OUTPUT | 


TRI-STATE HIGH VOLTAGE LEVELS 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 

Type: AV/Sil 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


HCS244MS 
Y32 A01 OE vcc OE 2 
(20) 


at ay 58 aS en ied 2 


lf 8) YO1 


Uy 
CAN I 
A11 (4) a 2 oe : 
B 7)A32 
Y2 2 (5) 
7 6) Y11 
A214 (6) 
NA 5) A22 
Y1 2 (7) 


(8) (9) (10) (11) (12) (13) 
A31  YO2 GND <A02 Y31 A12 
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HARRIS $$HCTS244MS 


Radiation Hardened 


December 1992 Octal Buffer/Line Driver, Tri-State 
Features Pinouts 
20 PIN CERAMIC DUAL-IN-LINE 
2.2 Micron Radiation Hardened SoS-CMos MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH C_ 
¢ Total Dose 200K or 1 Mega-RAD(Si) TOP VIEW 


° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5.A at VOL, VOH 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
TOP VIEW 
Description 


The Harris HCTS244MS is a Radiation Hardened Non- 
Inverting Octal Buffer/Line Driver, Tri-State, with two active- 
low output enables. 


The HCTS244MS utilizes advanced CMOS/SOS techinatogy 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS244MS is supplied in a 20 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-in- 
Line Package (D suffix). 


oOmWOnNn Oak @©N + 


~~ 
i=) 


Truth Table : Functional Diagram 


1vo.+=+1¥1 
- 918 016: 


INPUTS OUTPUT 


H = High Voltage Level 
L= Low Voltage Level 
X= Immaterial 

Z= High Impedance 


oA 2A2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 2133.1 
Copyright © Harris Corporation 1992 7-468 


Specifications HCTS244MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 0.2... eee eee eee eee -0.5V to+7.0V Thermal lmpedance ................ Qin 0. 

Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC. ......... cece eee 75°CIW 16°C/W 
DC Input Current, Any One Input... 2.0... . ee ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.............. cece eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr Ta=755°C 10 4100°C cco a et ndda neve ouedaues wad 1W. 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)...............06- +265°C 

Junction Temperature (TJ) .... 2. ce eee eee ee cee ee eee +175°C 

ESD Classification’ s<\.c.ad20 oeka teen des poews euseoes Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | 
Supply Voltage (VCC). 6... ec ec ee eee ee ees +4.5V to +5.5V = Input Low Voltage (VIL).................- Mere ee 0.0V to 0.8V 
Input Rise and Fail Times at VCC = 4.5V (tr, tf)........ 500ns Max Input High Voltage (VIH)................2-0 eens VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 


+25°C 
+125°C, -55°C 
+25°C 


VCC = 5.5V, 


VIN = VCC or GND Tas | 


VCC = 4.5V, VIH = 4.5V, 


ce 
VOUT = 0.4V, VIL = OV nana 


Quiescent Current 


ele 
io) 


750. 

Output Current 

a +125°C, -55°C 
+25°C 


+125°C, -55°C 


' 
oo | 


’ oO MN“ 


Output Current VCC = 4.5V, VIH = 4.5V, 


(Source) VOUT = VCC -0.4V, 


> 


VIL = OV m 


VOL VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50p/A, VIL = 0.8V 


Output Voltage Low +25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C VCC 
-0.1 


2.3 
425°C, +125°C, -55°C | VCC 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


Output Voltage High 


+25°C -0.5 
4+125°C, -55°C -5.0 


VCC = 5.5V, VIN = VCC or 
GND 


+0.5 
+5.0 


Input Leakage 
Current 


pA 
pA 


> 


425°C 
+125°C, -55°C | 


VCC = 4.5V or 5.5V, 
Applied Voltage = OV or 
Vcc 


5 3/3137 
-sts]sts] <| <| < </3fe|sle]sts]s 


Tri-State Output 


Leakage Current 
+50 


< 
> 


Noise Immunity 

Functional Test 
NOTE: 

1. All voltages reference to device GND. 

2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B 


+25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| - # GROUP oo 
_— (NOTES 1, 2) A SUB- | . 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
Propagation Delay TPLH VCC = 4.5V 
Data to Output — 
Data to Output TPHL VCC = 4.5V 


a 

ee 

ee 

Ne 

Enable to Output TPZL | VCC =4.5V re ae eee 

eee ES re 

Enable to Output TPZH | VCC=4.5V a ee. eee 

Lana Di Nea cre eee 
Disable to Output TPLZ | VCC =4.5V fF og 


NOTES: ] 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
Capacitance Power VCC = 5.0V, f= 1MHz Typical 30 
Dissipation 


+125°C Typical 30 
+2 


eel 
eo 
case Raell leasemaall 2 Se ters ra es 
ee 
aa Te [ne 


+125°C, -55°C 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 200K RAD 1M RAD 
| | temp. |___LIMITS LIMITS 
PARAMETERS | SYMBOL CONDITIONS UNITS 


ERATURE | MIN | 
Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


ICC 
IOL 
Output Voltage Low VOL | VCC=4.5Vand5.5V, VIH=VCC2,} +25°C 

VIL = 0.8V at 200K RAD, 
~ 


(NOTES 1, 2) 


Output Voltage High 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 

IOH = -50pnA 


Input Leakage Current 


Tri-State Output 
Leakage Current 


VIL = 0.3V at 1M RAD, 
VCC = 5.5V, VIN = VCC or GND 


IOL = 50nA 
0.1 
Applied Voltage = OV or VCC ae 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
7-470 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


: | (NOTES 1, 2) 


PARAMETERS SYMBOL ~ CONDITIONS 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


_ 
ha 
Data to Output . 

2 | 

2 

i 


Data to Output TPHL VCC = 4.5V 
Enable to Output TPZL VCC = 4.5V 
Enable to Output TPZH VCC = 4.5V 


Disable to Output TPLZ VCC = 4.5V 
TPHZ 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| | GROUP B | — 
PARAMETER SUBGROUP DELTA LIMIT 


ee ee) ee 
\OLIOH a -15% of 0 Hour 
a ee a 


TABLE 6. APPLICABLE SUBGROUPS 


ial Test Prebuiny _————~Ytoowson [ne «dU 
OT 
ON 
[croupaweto) __————~—*dCSamplatso0s | 22,7 eavao.10 

an 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS _ PRE RAD POST RAD PRE RAD POST RAD 


1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
GROUND 1/2VCC-=3V+0.5V | VCC=6V+0.5V ee 


STATIC BURN-IN | TEST CONNECTIONS (Note 1). 


3,5,7,9, 12, 14,16, | 1,2, 4, 6,8, 10, 11, 
18 13, 15, 17, 19 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


3, 5,7, 9, 12, 14, 16, 1, 2, 4,6, 8, 11, 13, 
18 15, 17, 19, 20 . 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2). 


1,10, 19 SO: 759, Ney Tas 1G; 2, 4, 6, 8, 11, 13, 
18 15, 17 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn- -in 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 5, 7, 9, 12, 14, 16, 18 a 1,2, 4,6, 8, 11, 13, 15, 17, 19, 20 


‘NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, Sub- 
group 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagram and Load Circuit 


DUT TEST 


VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
OUTPUT - RL=5000 = 
VOL 
OH AC VOLTAGE LEVELS 


80% . 80% 


OUTPUT 
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Tri-State Low Timing Diagram and Load Circuit 


VIH 


VIL 
TEST 
DUT POINT 
VOZ CL 
OUTPUT al CL = 50pF 
VOL --------------------. | \enmmummmmmunnemed | ----------- = RL = 5002 


Tri-State High Timing Diagram and Load Circuit 


DUT TEST 


VIH 


© 
© 
re) 
owl 


RL CL = 50pF 


VIL RL = 5002 


OUTPUT . = 


TRI-STATE HIGH VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
VCC Vv 


ccna Oe Re ee 
a ae ae 
a a a ae 
re eae a 
es ee a 
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Die Characteristics 


‘|. ‘DIE DIMENSIONS: 


108 x 106 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA - 1kA 


GLASSIVATION: ; 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: si. 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: | 
2.0x10°Aem? | 


BOND PAD SIZE: _ 
— 100pm x 100um 


 4x4mils 
Metallization Mask Layout | 
= | 3 HCTS244MS 


ee 
ee es ae 


TG cae 
iad 
1A1 (4) = E 


= Titers |e 
: | ae | Wal ai 
: Ife Roary at: Sop ae ARE Bae RR Pa a Aa 
Some = [= — =e — =) 


2Y2 (5) 


1A2 (6) 


ar eer weer enary 


COATT 


2v1(7) & 


(8) (9) 


7-474 


(10) (11) (12) (13) 
1A3 2Y0 GND 2A0 1¥3 2A1 


A (18) 1Y0 © 


: (17) 243 


(16) 1Y1 


m (15) 2A2 


B14) 172 


FARRIS 


SEMICONDUCTOR 


tt 


December 1992 


Features 

3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 
Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS245MS is a Radiation Hardened Non-lInvert- 
ing Octal Bidirectional Bus Transceiver, Tri-State, intended 
for two-way asynchronous communication between data 
busses. The HCS245MS allows data transmission from the 


HCS245MS 


Radiation Hardened 


Octal Bus Transceiver, Tri-State, Non-Inverting 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 


MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


TOP VIEW 


A bus to the B bus or from the B bus to the A bus. The logic 0k ——————— 1° 
level at the direction input (DIR) determines the data direc- Ao 2 
tion. The output enable input (OE) puts the 1/O port in the ——————— 
high-impedance state when high. A2 Co 4 
: eA ESS 
The HCS245MS utilizes advanced CMOS/SOS technology ‘ : 5 
to achieve high-speed operation. This device is a member of S 
radiation hardened, high-speed, CMOS/SOS Logic Family. : —— : S 
ae 
The HCS245MS is supplied in a 20 lead Weld Seal Ceramic a ooo 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line GND Coo 10 
Package (D suffix). 
Truth Table Functional Diagram 
CONTROL ONE OF 8 TRANSCEIVERS 
INPUTS ! 
. , o ADATA 
' (2, 3, 4, 5, 
B DATA 0-4 6, 7, 8) 
oe ER: Ue IT SR ee 
(18, 17, 16, 15, TO OTHER 
14,13,12) | 7 BUFFERS 
H = High Voltage Level, L = Low Voltage Level, ad 3 
X = Immaterial 
To prevent excess currents in the High-Z (Isolation) DIR > 
modes, all I/O terminals should be terminated with 10kQ 
to 1MQ resistors. OUTPUT S 
ENABLE 19 | 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2468.1 
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Absolute Maximum Ratings" 


Supply Voltage (VCC). ........ eee eee ee ee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input. ner eee stiepehh sat Pre £10mA. 
~ DC Drain Current, Any One Output................. senses +25mA - 
(All Voltage Reference to the VSS Terminal) 
Storage Temperature Range (TSTG)........... -65°C to +150°C | 
Lead Temperature (Soldering 10sec)...............06- +265°C 
Junction Temperature (TJ) .... 2.02... 00 eee ak So chateca +175°C 
ESD Classification ...... dae eee aie wed Eee mens Class 1 


Reliability Information 
Thermal Impedance ................ Bia 6; 


Weld Seal DIC.................-. 75°C/W 16°C/W 

Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) 7 

For Ty = -55°C to 4+100°C oo ck a cues cudeeces worse es IW. 


For Ta = +100°C to +125°C Derate Linearly at 1amwPc 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC). ... 2... cece cee ee ee eee +4.5V to +5.5V . 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. 
Operating Temperature Range (Ta) .........--. -55°C to +125°C 


Input Low Voltage (VIL)................2+.0.0V to 30% of VCC 
Input High Voltage (VIH)...... ober enlgha waieee 70% of vo to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS SYMBOL CONDITIONS 
Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
| Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current 


(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
lOL = SOpA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND, VCC = 4.5V and 
5.5V 


Output Voltage Low 
Output Voltage High 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 


VIL = 0.30(VCC) (Note 2) 


NOTE: 


1. All voltages reference to device GND. 


ete! 
ee 
Lele 
a 
aoe 
aa 
iad 


GROUP 
A SUB- 
GROUPS 


+1 25°C, -55°C 


+25°C, +125°C, -55°C 


10Z Applied Voltage = OV or ae et 
ak 23 | _+126°C, 65°C 


7, 8A, 8B 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP . LIMITS 
A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE MIN 
Propagation Delay TPLH VCC = 4.5V ee ee ee 


Disable to Output TPLZ | VCC=4.5V | 
TPHZ 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. . 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


(NOTES 1, 2) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| eamsren [enon | consmeons | worse | searenra [ine] S| vers 
Capacitance Power CPD VCC = 5.0V, f = 1MHz Fd fl e5°G Typical 45] pF 
sea | SP eee ee 
input Capacitance CIN VCC = Open, f = 1MHz 
nanan Theil naman 
Time TTLH 


— 425°C 
NOTES: 


+125°C, -55°C 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
TEMP- — LUMITS LIMITS 
PARAMETERS SYMBOL UNITS 


(NOTES 1,2) _ | 
CONDITIONS eraTune | MIN | MAX | MIN | MAX | 
VEO = 5.50, VIN= VGG oF GND pes | - | 37 
Output Current (Sink) 1OL VCC = 4.5V, VIN = VCC or GND, +25°C . r+ mA 
VOUT = 0.4V | | 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C | mA 
(Source) VOUT = VCC -0.4V 
Output Voltage Low VOL VCC = 4.5V and 5.5V, +25°C 0.1 ¢ V 
VIH = 0.70(VCC), . 
VIL = 0.30(VCC) at 200K RAD, 3 
VIL = 0.12(VCC) at 1M RAD, : | 
IOL = 50nA : : 
Output Voltage High VOH VCC = 4.5V and 5.5V, +25°C vcc VCC V 
VIH = 0.70(VCC), -0.1 -0.1 | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50pA 
Tri-State Output Applied Voltage = OV or VCC +25°C +50 
Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 200K RAD 1M RAD 
(NOTES 1, 2) TEMP- - LIMITS LIMITS 
PARAMETERS CONDITIONS ERATURE 


SYMBOL MIN [ Max | MIN’ | MAX | 
Noise Immunity VCC = 4.5V, VIH = 0.70(VCC), 
Functional Test VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD (Note 3) 
Propagation Delay TPLH VCC = 4.5V +25°C 
Data to Output TPHL | 
Enable to Output TPZL VCC = 4.5V 
TPZH 
Enable to Output TPLZ VCC = 4.5V 
TPHZ 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO <s 0.5V is recognized as a logic “O”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


ee 
PARAMETER SUBGROUP DELTA LIMIT 
a 
7 A 
froznozn CC 


TABLE 6. APPLICABLE SUBGROUPS 


nial Test (Preburrin 
; a 
EC 

oe A 
NOTE: 


1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


a) 


vU 
O 
> 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 
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TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN tl TEST CONNECTIONS (Note 1) 


eS CC ON 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor. of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will-have a resistor of 6800 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS. © 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation oe Group E, Sub- 
group 2, sample size is 4 dice/wafer 0 failures. = 


AC Timing Diagrams AC Load Circuit 


DUT TEST 


VIH POINT 


VIL CL 


VOH 
CL = 50pF - 

OUTPUT RL=5002 = 
VOL 


VOH 


80% 80% 


VOL OUTPUT 
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OSCILLATOR | 
1/2 VCC = 3V + 0.5V VCC =6V + 0.5V a 


Ee Se ES ee a ee 


‘LoGiIC 


HCS245MS 


Tri-State Low Timing Diagrams | Tri-State Low Load Cireuit 


yvcc 


VIH 


Vit. 


‘DUT 
OUTPUT 


CL = 50pF_ 
RL-= 500Q 


Tri-State High Load Circuit 


VIH 
TEST 
DUT POINT 
VIL 
RL CL = 50pF 
RL = 5009 


OUTPUT 
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Die Characteristics 


DIE DIMENSIONS: 
124 x 110 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO», 
Thickness: 13kA + -2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 
Metallization Mask Layout 
HCS245MS 
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Features 


e¢ 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5.A at VOL, VOH 


Description. — a 

The Harris HCTS245MS is a Radiation Hardened Non- 
Inverting Octal Bidirectional Bus Transceiver, Tri-State, 
intended for two-way asynchronous communication between 
data busses. The HCTS245MS allows data transmission: 


HCTS245MS 


Radiation Hardened 


Octal Bus Transceiver, Tri-State, Non-Inverting 


Pinouts 


20 PINCERAMIC DUAL-IN-LINE = 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW 


7 20 PIN CERAMIC:FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
a TOP VIEW 


6 
ind 
°o 


from the A bus to the B bus or from the B bus to the A bus. oe 1 | ace 
The logic level at the direction input (DIR) determines the | | 4° -——————4 2 19 -———— Of 
data direction. The output enable input (OE) puts the I/O port.|- . 41 —————4 3 138 1 : Bo 
in the high-impedance state when high. | 24 17 1 BI 
The HCTS245MS utilizes advanced CMOS/SOS technology} 8? == § i, ae 
to achieve high-speed operation. This device is a member of as . 15 -———— 83 
radiation hardened, high-speed, CMOS/SOS Logic Family. So 4 ————] BA 
The HCTS245MS ji lied in a 20 lead Weld Seal c : ibe ie 
eH is supplied in a 20 lead Weld Sea wo me ns 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
é ; a pile Gn) === 10 1 87 
Line Package (D suffix). | a 
Truth Table os _ | Functional Diagram 
| Ee 
INPUTS a A 
7 ADATA 
, | to 2,3, 4,5, 
re aes fascist || eae TO OTHER 


H = High Voltage Level, L = Low Voltage Level, 
X = Immaterial . gE 
To prevent excess currents in the High-Z (Isolation) 


modes, all I/O terminals should be terminated with 10kQ 
to 1MQ resistors. 


ENABLE 49 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications HCTS245MS 


Absolute Maximum Ratings 
Supply Voltage (VCC). ... 2... ee eee eee eee eee -0.5V to +7.0V 


Reliability Information 
Thermal Impedance ................ 6.4 6; 


Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC............. 0c eee 75°C/W 16°C/W 
DC Input Current, Any One Input............. 0... 2c eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output............. ehataaces +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T= =55°C 10 41009 Caso 3c cas sees en aandwaae ns 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TU)... 2... ce cece cece ee eens +175°C 

ESD Classification sve sata ncuneaiae diya Catan se ou Se Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... 1... cece eee eee wee eee +4.5V to +5.5V 
Operating Temperature Range (Ta) ...........-. -55°C to +125°C 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 


(NOTE 1) 
CONDITIONS 


Quiescent Current VCC = 5.5V, 

VIN = VCC or GND 
Output Current ia VCC = 4.5V, VIH = 4.5V, 
(Sink) 


aa: = 0.4V, VIL = 0V 
Output Current 


(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 


Output Voltage Low 


IOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 


IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 
1OH = -50pA, VIL = 0.8V 


Output Voltage High 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


VCC = 4.5V or 5.5V, 
Applied Voltage = OV or 
VCC 


Noise tmmunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
A SUB- 
GROUPS TEMPERATURE UNITS 


Sekar 
— 
Seis 
eee 


VCC = 5.5V, VIN = VCC or 
GND 


7 
<u 


VCC = 4.5V, VIH = 2.25V, 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


Input Low Voltage (VIL).........ecceececeeceeces 0.0V to 0.8V 
Input High Voltage (VIH)........ cee eee eee eee VCC/2 to VCC 


+125°C, -55°C 


+125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C VCC 


-0.1 
+25°C, +125°C, -55°C VCC 


+125°C, -55°C 
+25°C 
+125°C, -55°C 


ro) 
ware 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS _ 
(NOTES 1, 2) A SUB- | 
PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE — 


Propagation Delay 
Data to Output 


TPLH | VCC =4.5V © 
rae ae | - +125°C, -55°C 


ars 
[8 as 
10.41 pe [ar 

[wot | sastoere [2 [ae 
| [10.1 pe fe 
ae! 2 | 8 

ea ee 

ie 

2 fs 


Enable to Output 


+125°C, -55°C 


_ 7 eee | 10, 11 "+125°C, -55°C 
Disable to Output TPLZ VCC = 4.5V 
TPHZ 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


ee 
Ce 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


/ rimucen_| sro. | conomone | vores |_reurearne 
| oO oo 
issipation | 
Input Capacitance CIN VCC = Open, f = 1MHz | a ee ee ee 
seer eee 
el pee en ee ee 
Le a 


+125°C, 55°C 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initia! design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50pA 


Output Voltage High VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD, 
IOH = -50nA 


Input Leakage Current 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


Tri-State Output Applied Voltage = OV or VCC, +25°C 
Leakage Current VCC = 4.5V and 5.5V 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Propagation Delay TPLH VCC = 4.5V +25°C 
Data to Output TPHL 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized asa logic “1”, and VO s 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| ranaweren | suscnour | oerraumr 
PARAMETER SUBGROUP DELTA LIMIT 

a 
nouow id ROR 
froanoza———« Yk 


TABLE 6. APPLICABLE SUBGROUPS 


OD 
A : 


pon torte [rae 
[Fralfo | ~toonssoos [ar ao, 10. 
[Group a Roe) | “Senpinenos [12.7 0a, 06,10 
Group B 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 
a_i eee ee 
a A 


NOTE: 1. Alternate Group A Testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE READ AND RECORD 
GROUPS PRERAD | POSTRAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


7-485 


LOGIC 


Specifications HCTS245MS 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


| STATIC BURN-IN If TEST CONNECTIONS (Note 1) 


ese Rk AO es 


| DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 68OKQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group E, 
Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL 
VOH . CL = 50pF 
OUTPUT RL = 500Q — 


VOL 


VOH 


80% 80% 


VOL OUTPUT 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH yvcc 
x=) 
ViL 
RL 
bUT POINT 


CL = 50pF 
RL = 500Q 


Tri-State High Load Circuit 


DUT | TEST 


VIH POINT 


LOGIC 


VIL 
RL CL = 50pF 


RL = 500Q 


OUTPUT 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
124x110 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: . 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm2 


BOND PAD SIZE: 
100m x 100um — 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS245MS 
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Features 


¢ 3 Micron Radiation Hardened SOS CMOS 

e Total Dose 200K or 1 Mega-RAD(Si) 

e Latch-Up Free Under Any Conditions 

e Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 

Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


Input Current Levels li < 5:A at VOL, VOH 


Description 


The Harris HCS253MS is a Radiation Hardened 4-to-1 line selec- 
tor multiplexer having tri-state. outputs. One of four sources for 
each section is selected by the common select inputs SO and S1. 
When the output enable. (10E or 20E) is HIGH, the output is in 
the high impedance state. 


The HCS253MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS253MS is supplied in a 16 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 


SELECT INPUTS 


eee eee 
HELE 
ECE 


St are commen to both sections 


Le evel, X = Immaterial, Z = High Impedance (Off) 


sisct inputs S04 


S nd 
H= High Level, L= Low 


OUTPUT 
DATA INPUTS ENABLE OUTPUT 


HCS253MS 


Radiation Hardened 
Dual 4-Input Multiplexer 


Pinouts 


16 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW 


16 PIN CERAMIC FLAT PACK | 
MIL-STD-1835 DESIGNATOR CDFP16-F16, LEAD FINISH C 
TOP VIEW 


vcc 
2 0E 
SO 
213 
212 
2H 
210 
2Y 


1 
2 
3 
4 
5 
6 
7 
8 


© 
0) 
Oo 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Functional Diagram 
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Absolute Maximum Ratings Reliability. Information 

Supply Voltage (VCC)... ....... eee eee ee ee eee -0.5V to+7.0V Thermal Impedance ................ Oia 8. 
Input Voltage Range, All inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............00ee 75°CIW 16°C/W 
DC Input Current, Any One Input.............. cee eee eee +10mA Weld Seal Flat Pack..............- 64°C/W 12°C/W 
DC Drain Current, Any One Output................ eee eee +25mA Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) For Ta=-55°C to +1000: sok 5 conse ceriaeienesenewews 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............000- +265°C 

Junction Temperature (TU) ...... cee cece eee eee cece +175°C 

ESD Classification i'ss-0ncecteas vues yae seaward ters Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage ........cccceeecececsoeees ... +4.5V to +5.5V Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max _ Input High Voltage (VIH)............ eee ees 70% of VCC to VCC 
Operating Temperature Range (Ta) .........0-. -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE UNITS 


© 


Quiescent Current ICC VCC = 5.5V, 
VIN = VCC or GND 
Output Current lOL VCC = 4.5V, VIH = 4.5V, 
(Sink) 
+125°C, -55°C 


VOUT = 0.4V, VIL = OV 
Output Current 1OH Fal ar dl 
—_ bed ca 
V ee 425°C, +125°C, -55°C Le | 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 
" ae 


OL 
OH VCC = 4.5V, VIH =3.15V, 
IOH = -50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 
N 


mn 
ce ee 
Tas [mee | 
ee ee 
as [e806 [ 0 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


Output Voltage Low 


LOGIC 


Nee a 

a 

ae 

ia he 
425°C, +125°C, -55°C ed on eae 

0.1 
Ec 
_ 


Output Voltage High 


425°C, +125°C, -55°C | VCC 
0.1 
+125°C, -55°C +5.0 


+25°C, +125°C, -55°C 


Input Leakage 
Current 


1,2,3 
1,2,3 
VCC = 5.5V, VIN = VCC or 
GND 
F VCC = 4.5V, 7, 8A, 8B 
VIH = 0.7 (VCC), 
VIL = 0.3 (VCC) (Note 2) 
NOTES: 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 
Functional Test 


Cn 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS - 


gee (NOTES 1, 2) 
PARAMETER SYMBOL _ CONDITIONS 
‘ Select to Output | TPH 
: ; TPL 


E 


TEMPERATURE | 
125°C, -55°C . 
2 


L | voCc=4.5V 
H . 2 
Data to Output VCC = 4.5V 


+125°C, -55°C 


a 
Eas 
ee 
<a 
i 
= 
[tiesto e602 
ee 
ae ce 
ae 
a 
a 

es 

om 

me 


Enable to Output TPZH VCC = 4.5V 
| 
- 
av 


+125°C, -55°C 


1 
1 


- 
| VCC = 4.5V 
NOTES: . | 


1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


Disable to Output 


6 
7 
7 
17 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) a a 
. CONDITIONS _ TEMPERATURE 


PARAMETER 


Capacitance Power Dissipation 


Input Capacitance | N | VCC=Open,f=iMHz | +25 | - S| 10” 
TTLH | 
: a 


+125°C, -55°C 
NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics.. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


TEMP- 
PARAMETERS SYMBOL ERATURE 


Quiescent Current VCC = 5.5V, VIN = VCC or GND pos 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, 425°C 
: VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


(NOTES 1, 2) 
CONDITIONS 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


200K RAD 
LIMITS 
TEMP- 
enarune | win 
+ 
+ * 


PARAMETERS SYMBOL 


(NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 
VIH = 0.70{VCC), 

VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 


ITS 
V 


Output Voltage Low 


Output Voltage High VCC 


L 
H 


VCC = 4.5V and 5.5V, 5°C VCC 
VIH = 0.70(VCC), 

VIL = 0.30(VGC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOH = -50pA . 


Input Leakage Current } IN | VCC = 5.5V, VIN = VCC or GND eed 


; : 
VO 
-0.1 
Tri-State Output Leak- Applied Voltage = OV or VCC +25°C 
age Current | 
VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Noise Immunity 
Functional Test 


2 

2 

2 

Select to Output TPHL +25°C 
NOTES: ? 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, ViL = GND, VIH = VCC 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+5 

+50 
24 
17 
17 


Peller) Teel]: 


LOGIC 


we er 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


. PARAMETER SUBGROUP DELTA LIMIT 
Ca eT 
round tO_—| 
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| TABLE 6. APPLICABLE SUBGROUPS 


Oc 
a 
a 

SCA 


[Sigenee | Semmens | une | 
eo SC*d Cros arene fT 


NOTE: 
1. Alternate group A inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


CONFORMANCE 
GROUPS METHOD 


TABLE 7. TOTAL DOSE IRRADIATION 


[owe smgepe [wos [are [tae [ne | et 
NOTE: — | 7 


1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS | 


| OSCILLATOR 
1/2VCC =3Vt0.5V | VCC =6V+0.5V 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 
Ee <n 
STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ie ae eee ee Ee ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) . 
po toe PO 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 


NOTES: 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


TABEL 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams AC Load Circuit 
DUT TEST 

VIH POINT 
VIL CL RL 
VOH 

CL = 50pF 

OUTPUT RL = 5000 = 
VOL 
VOH 
80% 80% 

VOL OUTPUT 
VCC 
Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


LOGIC 


OUTPUT 
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Tri-State High Timing Diagrams 
VIH - 


VIL 


OUTPUT 


TRI-STATE HIGH VOLTAGE LEVELS 


. PARAMETER pHs UNITS 
a 


en ee 

: as ee a ee 
a a a ee 
ae 1 ie a ee 
Cc (Ee a 


Tri-State High Load Circuit 


DUT - TEST 


POINT 
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Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 
DIE ATTACH: | 

Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: | 
100um x 100unm 
4 mils x 4 mils 


Metallization Mask Layout 
HCS253MS 


(1) OE 1 
(16) vec 


13 1 (3) 


cu 
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(10) 210 


SEMICONDUCTOR 


_December 1992 


Features 
© 3 Micron Radiation Hardened CMOS SOS 
© Total Dose 200K or 1 Mega-RAD(Si) 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Cosmic Ray Upset Immunity 2 x 10°? Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 
- Military Temperature Range: -55°C to +125°C 
_¢ Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


Input Logic Levels 


- VIL=0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels Ii < 5yA at VOL, VOH 


Description | 


The Harris HCS273MS is a Radiation Hardened octal D flip-flop, ; 


positive edge triggered, with reset. 


The HCS273MS utilizes advanced CMOS/SOS technology — to 
achieve: high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. — 


The HCS273MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal APC SIaNG Dual-In-Line parents 
(D suffix). 


Truth Table 


HCS273MS 


Radiation Hardened 
Octal D Flip-Flop 


Pinouts 


_ 20 PIN CERAMIC DUAL-IN-LINE = 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH Cc 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 
1 vec 
2 Q7 
3 D7 
4 D6 
5 Q6 
6 Q5 
7 D5 
8 D4 
9 Q4 


— 
So 
© 
~ 


| INPUTS | 


NOTE: Q0 = The level of Q established by the last low to high transition ofthe clock 
H = High Level . 

L = Low Level 

X = Immaterial | 

_/ = Transition from low to high 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2475.2 
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Functional Diagram 
Y VW VV VY VY VY 
VY VV VY Y Y VY 
__ PRUGILITTLTS 
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Specifications HCS273MS 


Absolute Maximum Ratings Reliability Information we “ 

Supply Voltage (VCC). ... 2... .. eee eee eee eee -0.5V to+7.0V Thermal lmpedance ................ Gia 8, 
input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2... . eee ee eee 75°CIW 16°C/W 
DC Input Current, Any One Input....................0008- +10mA Weld Seal Flat Pack........... wee. 64°C 12°C/W 
DC Drain Current, Any One Output.............. i Seasdtenduare +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) | | FOr Tp -55) 0 1041 00C certs ctenicds hastily soda ae 1w 
Storage Temperature Range (TSTG)........... “65°C to +150°C For T, = +100°C to +125°C...... _, .Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)............ee0ees +265°C 

Junction Temperature (TJ) ........ Sh. cate Mawslse oun nies +175°C 

ESD Classificatiott <3 wie cee eeus si auieeuni wea taseews Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions | | 
Supply NONAGS seco ore aes Rhee ssa ea +4.5V to +5.5V Input Low Voltage (VIL)............ wae , .0.0V to 30% of VCC 


Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH)..............005. 70% of VCC to VCC 


Operating Temperature Range (Ta) ........--.- -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | | LIMITS 
(NOTE 1) - A SUB- 
~ PARAMETERS SYMBOL CONDITIONS GROUPS - TEMPERATURE 


Quiescent Current IC VCC = 5.5V, — 
: VIN = VCC or GND 
| 


eo 


+125°C, -55°C 75 


+125°C, -55°C 


Output Gurrent voo=45v,viH=45v, | 1 | ware ~*«|~ 72 
(Sink) VOUT = 0.4V, VIL = OV — +125°C, -55°C 
1 : 


Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VIL = OV 


Cc 
OL 
OL 
OH 

N 


Output Voltage Low VCC = 4.5V, VIH =3.15V, +25°C, +125°C, -55°C 


V 

[OL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 1.65V 

Output Voltage High V VCC = 4.5V, VIH = 3.15V, +25°C, +125°C, -55°C 
IOH = -50pHA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C 
IOH = -50pA, VIL = 1.65V 


input Leakage 
Current 


+25°C 
+125°C, -55°C +5 


Noise Immunity F 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP 
(NOTES 1, 2) A SUB- 


LIMITS 
SYMBOL CONDITIONS GROUPS ‘TEMPERATURE Somin | max. | UNITS 


an | vesceee fe [a | 


_ PARAMETER | 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| nuueen | sno. | —conomene | vores | sewrannune [i] | ow 

Capacitance Power CPD VCC = 5.0V, f = 1MHz | tf 425°C] Typical TBD» | opr 
TTHL §| VCC =4.5V 
Time TTLH 


Maximum Operating FMAX VCC = 4.5V 


425°C 
Frequency (CPU, ra 
CPD) +125°C 


le 
aaa 
Setup Time Data to TSU | VCC =4.5V ae 425°C 
m ee 
baer! 
Lee 
ates 
fea 
ra 
ae 


+25°C 
+125°C 

+25°C ; 
+125°C 


A] 
Tl 


—_ 
oO 
no] 


= 
— 
N 


MHz 


N 
LOGIC 


+25°C 
+125°C 
+25°C 

+125°C 
+25°C 

+125°C 


+125°C 
Pulse Width MR VCC = 4.5V 
Pulse Width Clock VCC = 4.5V 
Removal Time MR TREM | VCC =4.5V | 
to Clock 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Hold Time Data to VCC = 4.5V +25°C 
Clock 


a 


aoa | ot 
[e>) [ee) 


Fs ganeueusnseisnietenat tcsatticeatamasiscs tashssst4 btstasiiadicumsasisnenaie! 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS | SYMBOL 


‘Quiescent Current a 


1MRAD 
LIMITS 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND 
Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 6.0 mA 
VOUT = 0.4V ee 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 
V 


Output Voltage Low 


Output Voltage High 


VCC = 4.5V and 5.5V, +25°C 0.1 

VIH = 0.70(VCC), 

VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOL = 50pA 

VCC = 4.5V and 5.5V, +25°C | VCC VCC 
VIH = 0.70(VCC), | | 04 0.1 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD, 

IOH = -50pA 


: 


VCC = 5.5V,-VIN = VCC. or GND 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 


- (Note 3) 
wo | tem [voomaev «Ca | 
NOTES: . 

1. All voltages referenced to device GND. . 

2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 

3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage Current 


icc 
IOL 
VOL 
VOH 

FN. 


Noise Immunity 
Functional Test 


CP toQ 


@ 
NJ 


_ TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
ICC 


eo Bt 
IOL/IOH -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
[sin Tea Poston +0 

0 

0 


Oc 
a Oc 
[coamowy d'art | nea reaesonon [id 

[Sige ee | Sammiesms | ane | 


NOTE: Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


E ND D 
CONFORMANCE TEST | READ A RECOR 
. GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2 VCC = 3V + 0.5V VCC =6V + 0.5V | S0kKHz | 25kKHz 


STATIC | BURN-IN (Note 1) 


2, 5, 6, 9, 12, 15, 16, 19 1,3, 4, 7, 8, 10, 11, 20 
13, 14, 17, 18 


STATIC li BURN-IN (Note 1) 


2, 5, 6, 9, 12, 15, 16, 19 10 1,3, 4, 7,8, 11, 13, 
14, 17, 18, 20 


DYNAMIC BURN-IN (Note 2) 


10 2,5, 6, 9, 12, 15, 16, 19 1,20 11 3, 4, 7, 8, 13, 
14,17, 18 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


o 
0) 
Oo 
a 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6,9, 12, 15, 16, 19 1,3, 4, 7,8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


| _ | 
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AC Timing Diagrams and Load Circuit 


INPUT LEVEL 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH 


CP 


cP 


TSU(L) 


DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


_HCS273MS © 


INPUT LEVEL 
MR 


cP 


MASTER RESET PULSE WIDTH. MASTER RESET TO OUTPUT 
DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


80% 


80% 


OUTPUT 


VOL 
OUTPUT TRANSITION TIME 
DUT TEST 


POINT 


CL = 50pF 
RL = 500Q 
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Die Characteristics 


. DIE DIMENSIONS: | 
108 x 106 mils 


METALLIZATION: 
Type: AlSi | 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO. | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0x 10°A/em? : 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCS273MS 
as he MR vec Q7 
= (2) (1) (20) (19) 
‘= : 
wae i lies ae 
- oa gt a ne 
hia i in 
1 | hilt eee 
D1 (4) rh | 
7 <a 9 
7 (17) D6 S 
Qi (5) g 
(16) Q6 
Q2 (6) 
(15) Q5 
D2 (7) 
(14) D5 


(8) (9) (10) (41) (12) (13) 
D3 Q3 GND CP Q4 D4 
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HARRIS 


SEMICONDUCTOR 


December 1992 


Features 


3 Micron Radiation Hardened CMOS SOS 
Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(SI)/s. 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
Latch-Up Free Under. Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs.- 15 LSTTL Loads. 


Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to LSTTL ICs . 


DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


HCTS273MS 


Radiation Hardened 
Octal D Flip-Flop 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE. 
MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH Cc 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
Description TOP VIEW 
The Harris HCTS273MS is a Radiation Hardened ectay D flip- 1e vee 
flop, positive edge-triggered, with reset.: 5 Gr 
The HCTS273MS utilizes advanced CMOS/SOS feenaeloay to. 3 D7 
achieve high-speed operation. This device is a member of 4- Dé 
radiation hardened, high-speed, CMOS/SOS Logic Family. 5 Q6 
The HCTS273MS is supplied in a 20 lead Weld Seal Ceramic | - ans 
flatpack (K suffix) or a Weld Seal Ceramic Dual- In-Line Package ie 
(D suffix). , Je D4 
9 Q4 
10 cP 
Truth Table 7 neat 
NOTE: Q0 = The level of Q established by the last low to high transition of the clock 
H = High Level 
L = Low Level 
X = Immaterial 
_f = Transition from low to high 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2274.1 


Copyright © Harris Corporation 1992 


7-506 


HCTS273MS 


Functional Diagram 
VVYVYVVV y, 
Y VY VY VY 7, y, / 
PRT NGNGIEH CHE) 
Y V VY YY YY Y 
YVV VY VY YY Y 
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Absolute Maximum Ratings Reliability Information ae 

Supply Voltage (VCC). ...... 2. cece cee ee ee eee -0.5V to+7.0V Thermalimpedance ................ Oa 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.............0 000s 75°C/WW 16°C/W 
DC Input Current, Any One Input................. eee ee ees £10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output... ............. 0. eee eee +25mA ‘Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) _ For Te = "55°C 10 4100°C seis bie da dhiaalun'g ease sees 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec).............2.+2- +265°C | aa 

Junction Temperature (TJ) ...... 0... cece cece eee eees +175°C 

ESD Classification ............0 ccc eeeeeeeeeeeeeee Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | : | 
Supply Voltage (VCC)... 2... . cece eee ee ee eee +4.5V to +5.5V_—_ Input Low Voltage (VIL)... 0... cece eee ee cence es 0.0V to 0.8V 


Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max Input High Voltage (VIH)... 2... . ce cece cw wee VCC/2 to VCC 
Operating Temperature Range (Ta) ...........- -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
- | (NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | win | Max | UNITS 
—_ ; VIN = VCC or GND +125°C, -55°C 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


Cm 

VOUT = 0.4V, VIL = OV 
Output Current IOH | mA | 
(Source) 


GROUP 
A SUB- 
GROUPS 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = 50pA, VIL = 0.8V 


Output Voltage Low +25°C, +125°C, -55°C 


aaa 
= 
ee 
ae 

-0.1 


+25°C, +125°C, -55°C 


od 
72 | 
| 60 
| 72 | 
+125°C, -55°C | 6.0 | 


Output Voltage High 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C VCC 
IOL = -50pA, VIL = 0.8V -0.1 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


ICC 

IOL 

VOL 

VOH 

fae nie ines ia 
N 

Noise Immunity FN VCC = 4.5V, VIH =2.25V, 7, 8A, 8B } +25°C, +125°C, -55°C 
Functional Test VIL =0.8V (Note 2) 
NOTES: 


1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage 
Current 


aca 
= 
[rs 
eke 
Aa ha 
hn be 
a 
hace 
ros [a 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTES 14, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 
CP to Q TPLH | VCC =4.5V a, - 425°C | 
| 10, 11 125°C, -55°C 
TPHL | VCC =4.5V [Fee 425°C 
10,11. | | +125°C, -55°C 


TPHL | VCC =4.5V fo  $25°C 
| 40,44 +125°C, -55°C 


NOTES: © 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER | SYMBOL CONDITIONS NOTES TEMPERATURE | MAX | UNITS 
Capacitance Power CPD VCC = 5.0V, f = 1IMHz 1 +25°C Typical 40 
Dissipation | +125°C 
Input Capacitance CIN VCC = Open, f = 1MHz +25°C 
+125°C 
Output Transition TTHL VCC = 4.5V +25°C 
Tine a +125°C, -55°C 
Maximum Operating FMAX VCC = 4.5V +25°C 
Frequency (CPU, o o 
CPD) 1 4125°C, -55°C 
Setup Time Data to TSU VCC = 4.5V 
Clock 
Hold Time Data to TH VCC = 4.5V 
Clock . 
Pulse Width MRN VCC = 4.5V 
Pulse Width Clock VCC = 4.5V 
Removal Time MR TREM | VCC =4.5V 
to Clock 


NOTE: . 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly . 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


- 
< 

‘2, 
re) 

2 
Diniv 


= 
oo 
N 


—_ 
oO 


+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
_ +125°C, -55°C 
+25°C 
+125°C, -55°C 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
LIMITS 
_ (NOTES 1,2) . 
PARAMETERS SYMBOL CONDITIONS 


Quiescent Current | ICC | VCC=5.5V,VIN=VCCorGND | +25°C 


Output Current (Sink) 


VCC = 4.5V, VIN = VCC or GND, |. +25°C 
VOUT = 0.4V 

Output Current = 4.5V, 

(Source) 


VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = VCC -0.4V 


Output Voitage Low vO VCC = 4.5V and 5.5V, VIH=VCC/2,] +25°C 
, VIL = 0.8V at 200K RAD, 
MIL = 0.3V at 1M RAD, 
IOL = 50nA 
Output Voltage High VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Input Leakage Current 


Noise Immunity 
Functional Test 


TPLH 


ICC 
IOL 
. L 
VOH 
‘FN 
TPHL VCC = 4.5V +25°C 
[MRtoQ | TPHL 
NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


CS 
IOLIOH | a ee -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


Final Test 4100%/5004 2,3, 8A, 8B, 10, 11 Ro 
Group A (Note 1) _ Sample/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 Ee ee 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


rr 
[eee *d: (Sarena en moro | 


NOTE: 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST | READ AND RECORD 
CONFORMANCE 
GROUPS PRE RAD. POST RAD ' PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS 


2,5, 6, 9, 12, 15, 1, 3, 4, 7, 8, 10, 11, 
16, 19 13, 14, 17, 18 
STATIC BURN-IN Il TEST CONNECTIONS 
2, 5, 6, 9, 12, 15, 1, 3, 4, 7, 8, 11, 13, 
16, 19 14, 17, 18, 20 
DYNAMIC BURN-IN TEST CONNECTIONS 
2, 5, 6, 9, 12, 15, 11 3, 4, 7, 8, 13, 
16, 19 14,17, 18 
NOTES: 


1. Each pin except VCC and GND will have a resistor of 10kKQ + 5% for static burn-in 
- 2. Each pin except VCC and GND will have a resistor of 680kKQ + 5% for dynamic burn-in 


1/2VCC=3Vi0.5V |. VCC=6V+0.5V 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5,6,9,12,15,16,19| 10 1,3, 4, 7, 8 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


INPUT LEVEL 
MR 


INPUT LEVEL 
cP 


cP 


VS 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH = =#MASTER RESET PULSE WIDTH. MASTER RESET TO OUTPUT 
. i ' * DELAY AND MASTER RESET TO CLOCK RECOVERY TIME 


TSU(L) 


80% 80% 


oe VoL pounee 
DATA SET-UP AND HOLD TIMES OUTPUT TRANSITION TIME 
AC VOLTAGE LEVELS 
DUT TEST 


POINT 


PARAMETER HCTS UNITS 


CL 


CL = 50pF 
RL = 500Q = 


Cc 
a 
a 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiOz. 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100)4m 
4x4mils 
Metallization Mask Layout 
HCTS273MS 


. fies cee a ME nll WANN ; | 
D1 (4) eh A or a : = :- re ae _. 
baw = = 
Qi (5) 
Q2 (6) 
D2 (7) 


(8) (9) (10) (11) (12) (13) 
Q3 4 


| D3 GND CP Q D4 
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Radiation Hardened 


December 1992 4 Bit Binary Full Adder with Fast Carry 
Features Pinouts 
16 PINCERAMIC DUAL-IN-LINE 
* 3 Micron Radiation Hardened CMOS SOS CASE OUTLINE D-2, CONFIGURATION 3, LEAD FINISH C 
e Total Dose 200K or 1 Mega-RAD (Si) TOP VIEW 


¢ Dose Rate Upset >10'° RAD(SiVs 20ns Pulse 
e Latch-Up Free Under Any Conditions 


e Military Temperature Range ........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL = 0.8V Max 
- VIH = VCC/2V Min 


e Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS283MS is a Radiation Hardened 4 bit -_ 16 PIN CERAMIC FLAT PACK 


binary full adder with fast carry that adds two 4 bit binary CASE OUTLINE F5-A, CONFIGURATION 2, LEAD FINISH C 
; TOP VIEW 


numbers and generates a carry-out bit if the sum exceeds 15. 


This device can be used in positive or negative logic. When 
using positive logic the carry-in input must be tied low, if 
there is no carry-in. | | 

The HCTS283MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family . 
The HCTS283MS is supplied in a 16 lead Weld Seal 


Ceramic flatpack (K suffix) or a. Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


e 
ae 
ao 


vec 


5b ~~} B2 


14 CI A2 
13 CI S2 
A3 
11) BS 


10 Ce! SB 


on fH & @ NY = 
A 
~ 


9c] ~ (COUT 


Functional Diagram 
7 . 5 Ope 6 


wk 


So e 
4 e 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. . File Num ber 3381 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage: .c26:c0 4s Sih wae tesiawedewan -0.5V to+7.0V Thermal Impedance ................ Gia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC............ceceeee 75°CIW 16°C/W 
DC Input Current, Any One Input................. 0.0 e eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................. 0. eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For T =-55°C to: 4100°C seco eee eh eowacweteeeeg 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T = +100°C to +125°C......... Derate Linearly at 1i8mW/°C 
Lead Temperature (Soldering 10sec).................- +265°C 

Junction Temperature (TJ)... 2... cece eee cee eens +175°C 

ESD ClassiliCauon o.idc 6 i ee aint es etecwns wawaeeess Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUDpIy VONAGE so is cee see V rice ees aeseeeee’ +4.5V to +5.5V = Input Low Voltage (VIL)... 02... cc eee eee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ..........-- -55°C to +125°C —s Input High Voltage (VIH).............. cee eee eee 2.0V to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 10ns/V Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE Pomin | max. | UNITS 
Quiescent Current IC VCC = 5.5V a a +25°C 40 pA 


Delta ICC DICC VCC = 5.5V, VIN = VCC or 
GND, 1 Input at 2.4V 
Output Current VCC = 4.5V, VIH = 4.5V, 


+125°C, -55°C 
+25°C 

+125°C, -55°C 
+25°C 

+125°C, -55°C 


~J 
Oo 
© 


> 
[oe] 


S6|9 iS 
ak _ [oe] 


(Sink) VOUT = 0.4V, VIL = OV 


(Note 2) 


3 


Output Current VCC = VIH = 4.5V, 


(Source) 


> 


-4.0 


Oo 
Oo 
O 
a 


Output Voltage Low 


C 
H 
L 
H 


425°C, +125°C, -55°C VCC 


Output Voltage High 


+25°C, +125°C, -55°C VCC 


+25°C 


= 
> 


Input Leakage 
Current 


< 
> 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = S0pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 425°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.80V 
. uae 
IOH = -50pA, VIL = 0.80V pay 
VCC =5.5V, VIN = VCC or a 
ND 
_ oe +125°C, -55°C 
FN VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
Functional Test VIL = 0.80V (Note 3) 
NOTES: 


VCC = 4.5V, VIH = 2.25V, 
1. All voltages referenced to device GND. 


+25°C 
VOUT = VCC - 0.4V, 
IOH = -50pA, VIL = 0.8V 
2. Force/Measure functions may be interchanged. 


2,3 
lO 
VIL = OV (Note 2) +125°C, -55°C 
VO 
@) 1,2,3 
VCC = 5.5V, VIH = 2.75V, 1,2,3 
2,3 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Noise Immunity 


Ss cieienadaianiatrascineerioeentece-ttrwucteseecutstcsidocideepoy-scueieasssnadd 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| GROUP . . LIMITS 
. . . (NOTES 1, 2) ASUB- | . 
PARAMETER SYMBOL ‘CONDITIONS GROUPS’ TEMPERATURE UNITS 
VCC = 4.5V, VIH +25°C - : 3 


=3.0V, 
VIL = OV 


NO 
N 


|] © N 
Oy N oO; } — 


Propagation Delay | TPLH 
CINtoSO~ - 
TPHL VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
TPLH VCC = 4.5V, VIH = 3.0V, 
VIL = OV | 
TPHL VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
TPLH VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
TPHL VCC = 4.5V, VIH=3.0V, 
VIL = OV 
TPLH VCC = 4.5V, VIH = 3.0V, 
VIL = OV 
TPHL VCC = 4.5V, VIH = 3.0V, 
VIL = OV 


+125°C, -55°C 
© +25°C 
+125°C, -55°C 
— +25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
. +125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


N 
N 


Propagation Delay 
CIN to S1 


1<] 


Propagation Delay 
CIN to S2 CIN to 
COUT 


ie) 
N“N 


Propagation Delay 
CIN to S3 . 


>i > 


Propagation Delay 
An, Bn to COUT 


TPLH VCC = 4.5V, VIH = 3.0V 
“| VIL=0V 
TPHL VCC = 4.5V, VIH = 3.0V 
VIL =0V 
TPLH VCC = 4.5V, VIH = 3.0V 
VIL = OV 
TPHL VCC = 4.5V, VIH = 3.0V 
| vit sov 
NOTES: 


1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns. 
. TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
PARAMETER SYMBOL CONDITIONS. NOTES TEMPERATURE 
Input Capacitance CIN VCC = 5V, VIH = 5V, +25°C 
VIL = OV, F = 1MHz | 


+125°C 


a 

ae 
Output Transition TTHL, VCC = 4.5V, VIH = 4.5V, +25°C 

NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


grt & 
pi N 


Propagation Delay 
An, Bn to Sn 


~J 
GS 


LIMITS 


LIN | MAK 
bee ee 
eee 
ae ee 
Le 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
| LIMITS LIMITS 
(NOTES 1) TEMP- | 
PARAMETERS SYMBOL 


CONDITIONS ERATURE | MIN | MIN 
[aiesconcurent | to [voo=sev.vn=voowno | vaso | - | ors | 


Delta ICC DICC VCC = 5.5V, VIN = VCC or GND, +25°C 
1 Input at 2.4V 
Output Current (Sink) IOL VCC = 4.5V, VOUT = 0.4V, +25°C 4.0 
VIL = OV 
Output Current VCC = 4.5V, VOUT = VCC -0.4V +25°C -4.0 -4.0 
(Source) VIL = OV 
Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.80V, VIL = 0.30V at 1M 
RAD, IOL = 50pA 
VCC = 5.5V, VIH = 2.75V, +25°C 
VIL = 0.80V, VIL = 0.30 at 1M 
RAD, IOL = 50uA 
OH VCC 
-0.1 
VCC 
0.1 
FN 


| MAX | 
Vv VCC = 4.5V, VIH = 2.25V, VCC ” 
VIL = O.80V, VIL = 0.30V at 1M 4 
RAD, IOL = 50pA 
VCC = 5.5V, VIH = 2.75V, VCC i 
VIL = 0.80V, VIL = 0.30 at 1M 4 
RAD, IOL = 50nA 
| iN 425°C 
| VCC = 4.5V, VIH = 2.25V, ps 
| 30 | 
pat | 
| 35 | 
48 
| 63 | 
| 63 


UNITS 


mA 


mA 


Output Voltage High 


V 
V 
V 
V 


Input Leakage Current 


Noise Immunity 
Functional Test 


VCC = 5.5V, VIN = VCC or GND +25°C 
VIL = 0.80V , VIL = 0.30V at 1M 


Ee! 
+25°C 
RAD (Note 2) | 4 
2 | 
ex 
2 | 
2 
Lee 
eee 
aed 
es 
Le 


CIN to S2, CIN to é 2 


ie TPHL | VCC=4.5V, VIH=3.0V, VIL=0V 


<a 
<2 
te 
—s 
a 
cael mere Ro 


1. All voltages referenced to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


lll ll elelelelel] PL tt te] 2] eee 


= 
=n 
=n 
=" 
= 
= 
7 
7 
=e 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B | 
PARAMETER SUBGROUP DELTA LIMIT 
IOLIOH ae -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


OE 
10 
10 
10 . 


a OO 
[ocupawee _——*dtCSemoos [za reneeran | 
at es ee ee emer 


NOTE: 1. Alternate Group A, in accordance with Method 5005 of MIL-STD-883, may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION — 


CONFORMANCE TEST | READ AND RECORD 
GROUPS METHOD PRE RAD | POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN Test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC 


| | OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


1, 4, 9, 10, 13 2, 3, 5, 6, 7, 8, 11, 16 
12, 14, 15 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) | 


1, 4,9, 10, 13 2,3, 5, 6, 7, 11, 12, 
: 14, 15, 16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: | 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1,4, 9, 10, 13 ae 2, 3, 5, 6, 7, 11, 12, 14, 15, 16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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Propagation Delay Timing Diagram and Load Circuit 


DUT TEST 


VIH POINT 

. = - BE CL = 50pF 
vss RL = 500Q 

TPLH 
TPHL 
VOH a 
OUTPUT 
VOL ---------------------- 
Transition Timing Diagram 
TTLH TTHL AC VOLTAGE LEVELS 


80% 80% 


OUTPUT VCC 


VIH 
VIL 


GND 
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Die Characteristics 


DIE DIMENSIONS: 
78 x 86 mils 
2.21mm x 2.19mm 
METALLIZATION: 
Type: SiAl - 
Metal Thickness: 11kA + 1kA 
_GLASSIVATION: 
Type: SiOz 
Thickness: 13kA + +2. 6kA 
DIE ATTACH: 
Material: Silver Epoxy 
WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 
-BOND PAD SIZE: 
100pm x 100m 
els 


Metallization Mask Layout 


HCTS283MS 


B1 (2) 


t | AE 
“Hmmm 
A {k de Sy 
\ e | 
‘ iE 


a || ions ileS 


SO (4) 


Le | i | sess CesvienS SS 
iar Ec 
Set LIM NW oat): Her 


q 


= “lg — 
= 7 ro) 
STi 
| = LTT 


mT 


Ao (5) 


eo) fit | Sa 
(7) (8) 9) 
GND 
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Cs - | a : al 
a ine = — ss nl) Te 
al 7 Soe a 

2 EB : | 3 1 Sinise 


(13) $2 


(12) A3 


(11) B3 


Src hr HCTS299MS _ 


Radiation Hardened 


December 1992 8-Bit Universal Shift Register; Tri-State 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
e Total Dose 200K or 1 Mega-RAD (Si) TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
* Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 


- Bus Driver Outputs ............. 15 LSTTL Loads 
e Military Temperature Range paeeaieime -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTLICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 
e LSTTL Input Compatibility 

- VIL =0.8V Max 


- VIH= VCC/2 Min 
e Input Current Levels li < 5A at VOL, VOH 


ore 20 PIN CERAMIC FLAT PACK. 
Description MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


The Harris HCTS299MS is a Radiation Hardened 8-bit shift/ TOP VIEW 
storage register with tri-state bus interface capability. The 


register has four synchronous operating modes controlled by Dd Sees ll Nee s 
the two select inputs (SO, S1). The mode select, the serial. o1 C2 Si 3 
data (DSO, DS7) and the parallel data (100 - 107) respond o&2 CJ 3 DS7 oO 
only to the low to high transition of the clock (CP) pulse. SO, vos C4 a7 - 
S1 and the data inputs must be one set up time period prior v4 CS YO7 
to the clocks positive transition. The master reset (MR) is an yo2 C6 VOS5 
asynchronous active low input. yoo ——_—_—_——_——] 7 VO3 
The HCTS299MS utilizes advanced CMOS/SOS technology | is : se 
to achieve high-speed operation. This device is a member of 

GND ————————" 10 DSO 


radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 


The HCTS299MS is supplied in a 20 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3069 
Copyright © Harris Corporation 1992 7-521 
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- Truth Tables 
dlatart satel Modes 


INPUTS REGISTER OUTPUTS 


FUNCTION 


Reset (Clear) 


r- 
a 
Ir 


Shift Left 


Hold (Do Nothing) — 


Parallel Load 


Tri-State /O Port Operating Mode 


INPUTS _ INPUTS/OUTPUTS 
Qn (REGISTER) 


Q 
N 


FUNCTION 


Read Register 


Qn = I/On 1/On = Inputs 


Load Register 


Disable I/O 


H = HighVoltage Level 

L = Low Voltage Level - 

X = Immaterial 

Z = Output in High Impedance State 

h = Input Voltage High One Setup Time Prior Clock Transition 
| = Input voltage Low One Setup Time Prior Clock Transition 
_/ = Low-to-High Clock Transition 


qn = Lower Case Letter Indicates the State of the Referenced Output One Setup Time Prior Clock Transition 
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Functional Block Diagram 


STANDARD |<_—__— BUS LINE OUTPUTS ————->| 


OUTPUT 
S1 DS7 Q7 VO7 VOS5 YO3 vo1 CP DSO 


20 69 619 > 18 o 17 o 16 o 15 O 14 Oo 13 12 D 11 


A 
/N Yi AVI AV 

iN OE 

| \ 7 oE-X} 

K SN OE o GND s 

| G; 

1 20 3 4 5 6 7 8o 906 10 c 
So OEi E2 vos vO4 vo2 voo Qo WR 


STANDARD 


[~-_——— BUS LINE OUTPUTS —_—_—->| OUTPUT 
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Absolute Maximum Ratings 


Supply Voltage (VCC). ........ cece eee eee eee -0.5 to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................. cece eee +10mA 
DC Drain Current, Any One Output....................08- +25mA 
(All Voltage Reference to the VSS Terminal) , 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)...........200 eee +265°C 
Junction Temperature (TJ) ........2.0e00. Medaeeenees +175°C 
ESD Classification. s+ esese.4scaesane Vows ee eesasak Class 1 


Reliability Information 


Thermal Impedance ................ Gia 6; 
Weld Seal DIC..............-068- 75°C/W 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) 
“FOR Tge= 55°C 1Od10G C23 icon ke teee eas seuas igus 1W 
For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | | 
Supply Voltage (VCC). ....... 2. cc cece eee e eee +4.5V to +5.5V 


Operating Temperature Range (Ta) ............ -55°C to +125°C 
Input Rise and Fall Times at 4.5V VCC (TR, TF).......500ns Max 


Input Low Voltage (VIL).... 2... ee eee eee eee ee 0.0V to 0.8V 
Input High Voltage (VIH)........ ce eee ewe eee VCC/2 to VCC 


TABLE 1. Dc ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN = VCC or GND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


PARAMETERS 


SYMBOL 


Quiescent Current 


Output Current 
(Sink) 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 
VIL = 0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = SOA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
GND 

Applied Voitage = OV or 
vcc 


VCC = 4.5V, VIH = 2.25V 
VIL = 0.8V (Note 2) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages referenced to device GND. 


IOL 


GROUP 
A SUB- 
GROUPS 


Ee a! 
Eee! 
ae ese 
Leones 
bees! 
eal 
a face 
ted 
Ee! 
eed 
Eee 


7, 8A, 8B | +25°C, +125°C, -55°C 


LIMITS 
TEMPERATURE 


+125°C, -55°C 
+25°C, +125°C, -55°C 


425°C, +125°C, -55°C 


; 
: 


2,3 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP LIMITS 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


CLK to VOn TPHL, | VCC=4.5V | ee 
pee oe 
CLK to QO, Q7 TPHL, | VCC =4.5V a | 
ball Nie Se eee 
ae + 


WA o Output TRL | voo=45v 
10, 11 +125°C, -55°C 


3 


On to Output TPZH | VCC =4.5V a ae 
al 

/ 9 | 2 
11 3 


+ 
10, 14  4425°C, -55°C 
f A0etd +125°C, -55°C 


4 
27 
7 
0 


34 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5000, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power | CPD | VCC=5.0V,f=1MHz Typical 98 
Dissipation oan 


LIMITS 


0 


Input Capacitance CIN VCC = Open, f = 1MHz 
=_—— ee 
Output Transition TTHL, VCC = 4.5V 1 
ee 
Max Operating FMAX | VCC =4.5V 
—— |e 
VCC = 4.5V 1 20 
= 4, 2 27 
41 


ou 


1 
2 
1 


o>) 


TSU 
Setup Time S1, SO Tsu. | vec =4.5V 
{ +125°C, -55°C 
Hold Time DSO, TH | VCC=4.5V +25°C 
DS7, /On, SO, S1 
S7, /On, SO, S1 to occ 
TREC | vcC=4.5V 


CLK 


Recovery Time MR 
to CLK 
+125°C, -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER SYMBOL | en” Bs NOTES TEMPERATURE _ UNITS 


Pulse Width MR TW (MR) | VCC =4.5V a ee ee ee ee 
ioneall al nt | ac 

es 
NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
_ tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


(NOTES 1, 2) 
CONDITIONS 


vcc 
0.1 


Output Voltage High 


+100 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
| VCC = 4.5V or 5.5V, VIH=VCC/2, +25 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50nA 
etd HA 


pMiN | MAX 
ee oe 
= fesse fot — 
(Source) VOUT = VCC -0.4V 
seiule 
| 2 | 
| 2 | 2 
2 | 7 | 
2 | 0 
| 2 | 


Noise Immunity 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD (Note 3) 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
Output Voltage Low VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 

Tri-State Output Applied Volagoe OV or VCC +25°C 
Leakage Current 
CLK to I/On TPHL, VCC = 4.5V +25°C 

TPLH 
CLK to Q0, Q7 TPHL, VCC = 4.5V +25°C 

TPLH 


| RAD oe RAD 
ae re oe 
PARAMETERS | SYMBOL ERATURE UNITS 
VIL = 0.3V at 1M RAD, 
25°C 
425°C 
R to Output TPHL | VCC =4.5V 

425°C 
25°C 


Quiescent Current VCC = 5.5V, VIN = VCC or GND = 
= 1OL = 50uA i 
TPZH | VCC=4.5V 
TPHZ 


ss aaa teal 
re 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR =TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


re rs ee 
PARAMETER SUBGROUP DELTA LIMIT 

a 
0 
a 


TABLE 6. APPLICABLE SUBGROUPS 


1,7,9 


NOTE: 1. Alternate Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


LOGIC 


CONFORMANCE TEST READ AND RECORD = ; 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC 


OSCILLATOR | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) . 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) . 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 


2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 
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TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for radiation testing. 
Group E, Subgroup 2; sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams and Load Circuit 


INPUT LEVEL . 
MR 
INPUT LEVEL 
cP 
cP 


VOn, Q0 OR Q7 


Q0 TO Q7 


. CLOCK PRE-REQUISITE AND PROPAGATION DELAYS MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS 


INPUT 
LEVEL 


DSO, DS7 VS 
OR V/On 


TSU(L) 


80% 80% 


cP OUTPUT 


DATA PRE-REQUISITE TIMES OUTPUT TRANSITION TIME 


_ AC VOLTAGE LEVELS 


DUT TEST 


POINT 


CL = 50pF 
RL = 5002 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH vcc 
<> 
VIL 
RL 
DUT POINT 


CL = 50pF 
RL = 5000 


Tri-State High Load Circuit 


VIH DUT TEST 
VS POINT 


VIL 


RL CL = 50pF 
VOW) Costs ic ia are eee RL = 5000 


OUTPUT 


LOGIC 


HCTS299MS 


Die Characteristics 


DIE DIMENSIONS: 
123 x 94 mils 


METALLIZATION: 
Type: SiAl <> 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: __ 
Type: SiO. | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/com? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS299MS __ 


it = id 
VO6 (4 more 
oo [Oe 


aT; 


aril 


VO4 (5) 


VO2 (6) | 


00 (7) 


Q0 (8) 


GND (10) 
DSO (11) 
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| (18) DS7 


(17) Q7 


(16) VO7 


(15) VO5 


(14) 03 


(13) vot 


@HaARRIS $$ HCTS365MS 


Radiation Hardened 


December 1992 | Hex Buffer/Line Driver Non-Inverting 
Features — Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 16 PIN CERAMIC DUAL-IN-LINE 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 


TOP VIEW 


¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
¢ Fanout (Over Temperature Range) 


- Bus Driver Outputs ............. 15 LSTTL Loads 
¢ Military Temperature Range........ -55°C to +125°C 
e Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range ........... 4.5V to 5.5V 
e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 
e Input Current Levels li s 5uA @ VOL, VOH 
Description 16 PIN CERAMIC FLAT PACK 
The Harris HCTS365MS is a Radiation Hardened non- MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 
inverting hex buffer and line driver with Tri-state outputs. The | TOP VIEW 


output enables (OE1_ and OE2) control the tri-state outputs. 
If either OE1 or OE2 is high the outputs will be in a High 
impedance state. For Data, OE1 and OE2 must be Low. 

The HCTS365MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family 
with TTL input compatibility. 

The HCTS365MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


e 


aon ow &® WwW f= 


LOGIC 


Truth Table 


INPUTS OUTPUTS 


Ssataeawwanvzazanaaecabeaaa 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. FileNumber 3070 


Copyright © Harris Corporation 1992 
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“Absolute Maximum Ratings =: ae Reliability Information 


Supply Voltage (VCC)... 2... eee eee eee cece -0.5Vto+7.0V Thermal ilmpedance ................ Bia Bc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC.............00005. 75°C 16°C/W 
DC Input Current, Any One Input...............00 cece eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 

' DC Drain Current, Any One Output............... cece eee +25mA __— Power Dissipation per Package (PD) . 
(All Voltage Reference to the VSS Terminal) For Ty = -55°C to +100°C ....... Pewee ce Sows Rae a 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 183mW/°C 
Lead Temperature (Soldering 10sec)...............08- +265°C | 
Junction Temperature (TU) ....... cece cece cece eee +175°C 
ESD Classilicationixs: << 6 sedewende si Moos ie tweed s Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 

Supply Voltage (VCC). 0.0... cece cece ee eens +4.5V to +5.5V_ —_ Input Low Voltage (VIL)..... 0... ce cee cee cee nee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V (TR, TF) .......... 500ns Max. . Input High Voltage (VIH)........ sire aseihaeee se asa le Guat VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C | - ) 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Quiescent Current 
(Sink) | 


+125°C, -55°C. 
Output Current 
(Source) 


(NOTE 1) 
CONDITIONS 


VCC = 5.5V, 
VIN=VCC orGND 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL =0 


~) 
on 
io) 


7.2 | 
-7.2 


[OL 
IOH =| VCC =4.5V, VIH=4.5V, 
VOUT = VCC - 0.4V, 
VIL = OV | 


VOL | VCC =4.5V, VIH =2.25V, 
IOL = 50pA, VIL = 0.8V 

VCC = 5.5V, VIH =2.75V, 
| IOL = 50pA, VIL = 0.8V 


+125°C, -55°C 


+25°C, +125°C, -55°C 


425°C, +125°C, -55°C 
425°C, +125°C, -55°C | VCC 


+25°C, +125°C, -55°C VCC 
-0.1 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 

Tri-State Output 
Leakage Current 


Noise Immunity —_. 
Functional Test 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or re ee 
ae eee 
VCC = 4.5V or 5.5V, Ya 3 +25°C | 
VIL = 0.8V (Note 2) 


1. All voltages referenced to device GND. 
2. For functional tests, VO > 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


WA 
yA 


ro) 
mk 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
ae (NOTES 1, 2) 
SYMBOL CONDITIONS 
el ee Se 
TPHL | VCC =4.5V | 9 +25°C 
TPzL | vCC=4.5V po +25°C 
TPZH | VCC=4.5V _— a +25°C 
ad eS ce 
| 10, 11 


+25°C 
VCC = 4.5V eo 
10,44 | 
NOTES: 


+125°C, -55°C 
+25°C 

1. All voltages referenced to device GND. 

2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


LIMITS 


TEMPERATURE 
+25°C 
+125°C, -55°C 


PARAMETER 


Data to Output 


Enable to Output 


i) 
x] 


Disable to Output 


J 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | ee! NOTES 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL VCC = 4.5V 
Time TTLH 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TEMPERATURE 
+25°C 
+125°C 
+25°C 
+125°C 
+25°C 
+125°C, -55°C 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 


Quiescent Current VCC = 5.5V, VIN = VCC or GND 


ICC 
Output Current (Sink) lOL VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 
VOL 


200K LIMITS 


{ 


i 
at 
ae 
>C 
os 
5 
a 


(NOTES 1, 2) 
CONDITIONS 


TEMP- 
ERATURE 


Can 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
(Source) VOUT = VCC -0.4V 


Output Voltage Low | 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOL = 50pA 


MAK 
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_. (NOTES 1, 2) 
CONDITIONS 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 

IOH = -50p2A 


' PARAMETERS 
Output Voltage High 


Input Leakage Current 


Tri-State Output Leak- 
age Current 


5 
2 


4 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
200K LIMITS 
TEMP- dead 
SYMBOL enaTure | MIN | MAX 
VOH +25°C VCC Vcc 
-0.1 -0.1 
VCC = 4.5V or 5.5V +25°C +50 
Applied Voltage = OV or VCC 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test - VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 
Data to Output TPLH | VCC=4.5V | 2 | 23 | 
| TPHL | VOC = 4.5V | | asc | 2 | 23 
Enable to Output TPZL | VCC =4.5V | 2 | 33 | 
TPZH__ | Voc = 4.5V Pe ee ee 


Disable to Output VCC = 4.5V 
TPHZ | VCC =4.5V 


NOTES: a 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


‘PPE P) Te] 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER 
ICC 


IOL/IOH 


lOZLIOZH 


TABLE 6. APPLICABLE SUBGROUPS 


joows0e | —.@ —SC*d coud 


nein Test Posbumin) | ooweoe | nei 


ig Sse 6 inure MOL) WRI 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be re 100% Go/No-Go. 


_ TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


4,7,9, 12 1-3, 5, 6, 8, 10, 11, 
13-15 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


4,7, 9, 12 1-3, 5, 6, 10, 11, 
13 - 16 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


8, 15 4,7,9, 12 2,3, 5, 6, 10, 11, 
13, 14 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3, 5,7, 9, 11, 13 a Sa 1,2, 4,6, 10, 12, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams AC Load Circuit 
VIH 

DUT TEST 

POINT 
VIL 
CL RL 

VOH 
et ovinre CL = 50pF 

RL = 500 = 


VOH 


80% 80% 


VOL OUTPUT 


PARAMETER 
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Tri-State Low Timing Diagrams | Tri-State Low Load Circuit 
VIH = . ycc 
VIL 

RL 
voz 

TEST 
OUTPUT ce POINT 

VOL --------------------- | \smmmmnmeef | -- - - - ------ 

CL 


. - CL =50pF 
| RL = 5002 


Tri-State High Load Circuit 


me TEST 
Bek POINT: 
VIL 
CL RL CL = 50pF 
RL =500Q 


OUTPUT 
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Die Characteristics 
DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 
HCTS365MS 


A2 (4) : 


y2(5) 


NC 


iH 
y 
Se 


A3 (6) 


caer 
a ET 


7-537 


; in NC 


: (13) Ye 


(11) Y5 


SEMICONDUCTOR 


December 1992 


Features 


e 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

¢ Dose Rate Upset >10'° RAD(SIi)s 20ns Pulse 

Cosmic Ray Upset Immunity 2 x 10° Error/Bit-Day (Typ) 
e Latch-Up Free Under Any Conditions 

¢ Military Temperature Range: -55°C to +125°C 

e Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 

Input Logic Levels 


+ VIL=0.3 VCC Max 
- VIH =0.7 VCC Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS373MS is a Radiation Hardened octal transpar- 
ent tri-state latch with an active low output enable. The 
_ HCS373MS utilizes advanced CMOS/SOS technology. The 
Outputs are transparent to the inputs when the Latch Enable (LE) 
is HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output Enable (OE) controls the tri-state outputs. 
When the Output Enable (OE) is HIGH, the outputs are in the 
high impedance state. The latch operation is independent of the 
state of the Output Enable. 


The HCS373MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCS373MS is supplied in a 20 lead Weld Seal. Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). - 


~HCS373MS 


_ Radiation Hardened 
Octal Transparent Latch, Tri-State 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE - 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
TOP VIEW 
1¢ ened VCC 
y ta SS ET ¢ Y 4 
3 D7 
4 SPI FB | 
5 ee: OG 
6 ed. QS 
7 a Be BI) 
8 EE BR DY | 
9 ee OE oY 
10 1 ee Le 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings 


Reliability Information 


Supply Voltage (VCC). 2.0... . ce eee ee eee -0.5V to+7.0V Thermal !mpedance ................ Ga G6 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 2... cece ec canes 75°CIW 16°C/W 
DC Input Current, Any One Input............. 0.00 cece eee +10mA Weld Seal Flat Pack.............0. 64°C/W 12°C/W 
DC Drain Current, Any One Output.....................8- +25mA Power Dissipation per Package (PD) . 

(All Voltage Reference to the VSS Terminal) FOr Tge250 G10 FIO0C secs ceases neceteaew sees 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty, = +100°C to +125°C........ -.Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TU) .... 2... ee eee eee ee eee +175°C 

ESD Classification :.0:. ¢cetateeee Raprsiechbd Cheese Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


SUNpIY: VONAGO es. co '.o tet bs Ane ee ee ee eet +4.5V to+5.5V = Input Low Voltage (VIL)........... ee ee eee 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 100ns Max Input High Voltage (VIH).................. 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP } LIMITS 
A SUB- 


GROUPS TEMPERATURE aes UNITS 
a 
Pas | rene |e on 


(NOTE 1) 
CONDITIONS 


| VCC = 5.5V, 
VIN = VCC or GND 


Output Current 
(Sink) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current 
(Source) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50pA, VIL = 1.65V 


+125°C, -55°C 
+25°C, +125°C, -55°C 


Output Voltage Low 


Output Voltage High 


input Leakage 
Current 


Output Tri State 
Leakage 


VCC = 5.5V, VO = OV or 
VCC 


+25°C 
+125°C, -55°C 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


NOTES: 
1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 
| GROUP 
(NOTES 1, 2) A SUB- 


| LIMITS | 
SYMBOL | . _ CONDITIONS GROUPS i 
“ TPHL | | 10,11 | +125°C, 55°C 


~ PARAMETER TEMPERATURE 


‘Data to Qn 


LE to Qn TPLH VCC = 4.5V 
aPHE | 10, 11 +125°C, -55°C 


san 

ee 

ee 

aa 

. ae 

Enable to Output Tez. | VCC=4.5V a eee ee 
2 

Seal 

2 

es 


-| Disable to Output TPLZ | VCC=4.5V a a ee 


NOTES: _ | 
1. All voltages referenced to device GND. | 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ek (NOTE 1) 3 | | 
- PARAMETER SYMBOL ‘CONDITIONS TEMPERATURE 
Capacitance Power VCC = 5.0V, f=1MHz Typical 38 
Dee pation | | 125°C Typical 38 
2 


CPD — + 
Input Capacitance CIN VCC = Open, f = 1MHz 
| - --+125°C 
~ TSU 
TH : : 


I eeod 
Output Transition Time TTHL VCC = 4.5V . . eee ee 
peewee eee 

Setup Time Data to LE VCC = 4.5V - a eee 
nisieal Nell a 

Hold Time Data to LE | voc = 4.5V eee ee 
iemenied Seika Sere ee: a ae 

Pulse Width LE TW VCC = 4.5V ee ee 
Ch le ee ee 
NOTE: Os: : 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD {1M RAD 
LIM LIMITS — 
TEMP- bs 
PARAMETERS SYMBOL 


Quiescent Current 


Output Current (Sink) 
Output Current 
(Source) 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND aa a 
VCC =4.5V, VIN=VCC orGND, | +25°C 

VOUT = 0.4V 

VCC = 4.5V, VIN=VCC orGND, | +25°C 

VOUT = VCC -0.4V 


a 
L VCC = 4.5V and 5.5V, +25°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOL = 50pA 
H VCC = 4.5V and 5.5V, +25°C VCC VCC 
VIH = 0.70(VCC), | 0.1 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RADgd, 
IOH = -50pA 
| iN Es ee 
aan So 
ee 
| 2 || 


ERATURE 


UNITS 


m 
V 


Output Voltage Low 


el 


A 
Output Voltage High V 


Coa 


5 
5 


Input Leakage Current 


Tri-State Output 
Leakage Current 


Applied Voltage = OV or VCC 
VCC = 4.5V, VIH = 0.70(VCC), 425°C 
VIL = 0.30(VCC) at 200K RAD, 

VIL = 0.12(VCC) at 1M RAD 


0.1 
Data to Qn TPHL, VCC = 4.5V +25°C 
TPLH 


ICC 
IOL 

VO 

VO 
FN 


Noise Immunity 
Functional Test 


VCC = 5.5V, VIN = VCC or GND 


LENtoQn | TPHL, | VCC =4.5V 425°C 
. TPLH 
Enable to Output Tez. | vCC=4.5V | 
| TPZH | VCC =4.5V | 


Disable to Output TPLZ, VCC = 4.5V +25°C 
TPHZ 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


2 
© 
fe) 
=I 


EEE 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER 


IOLIOH 
lOZLAOZH 
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TABLE 6. APPLICABLE SUBGROUPS z 


CONFORMANCE GROUPS METHOD | GROUP A SUBGROUPS READ AND RECORD 
initial Test (Preburn-in) 100%/5004 ICC, IOLV/H 
Interim Test I (Postburn-In) 100%/5004 ICC, |OL/H | 


EC 
a 
Teroupa woe) _——SSS—*dtCamp 00 | 3,7, PCS 
ee ee en ee 
0 


NOTE: ; 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


on E EAD AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 


2,5, 6,9, 12, 1,3, 4, 7, 8, 10, 11, 13, 20° 
15, 16, 19 14, 17, 18 : 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) . : 


2,5, 6,9, 12, 1,3, 4, 7, 8, 11, 13, 14, 
15, 16, 19 17, 18, 20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) na oS , . 
2, 5,6, 9, 12, 15, 16, 19 1,20 11 3, 4,7, 8, 13, 14, 
ae : 17, 18 


NOTES: a = 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q.+ 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6,9, 12, 15, 16, 19 1, 3, 4, 7, 8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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_AC Timing Diagrams and Load Circuit 


INPUT 


TSU(L) 


ay VS VS . . _ 
LATCH ENABLE PROPAGATION DELAYS LATCH ENABLE PREREQUISITE TIMES : 
AC VOLTAGE LEVELS 


A 


a 
eof 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES 


LOGIC 


DUT TEST. 
POINT 
CL RL 
CL = 50pF 
RL = 5002 3 
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Tri-State Low Timing Diagrams | Tri-State Low Load Circuit 


vcc 


DUT 


OUTPUT 


Tri-State High Load Circuit 


DUT TEST 
VI POINT 
VIL CL RL 
VOZz 
OUTPUT mere euke 
RL = 5002 = 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
2747 x 2693m 


METALLIZATION: 

Type: AlSi 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO» 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout. 


HCS373MS 
Do Qo OE vcc Q7 
(3) (2) (1) (20) (19) 
ao == oe ee : a 


4 | tT il | Tle 
D1 (4) ; 4, ee ppeerianrel aes 
carl (17) Ds 


rity) (16) Q6 


Q2(6) {4 


————— | 
——— ee | 


Saree ST 
eelece 


D2 (7) 


ise 


8 (9) (10) ( (12) (13) 
b3 Q3 GND te Q4 D4 


FARRIS 


SEMICONDUCTOR 


a 


December 1992 


Features 


e 3 Micron Radiation Hardened CMOS SOS 

Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD)Si)s 20ns Pulse 
Cosmic Ray Upset Immunity 2 x 10° Errors/Bit-Day 
Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTLICs 
DC Operating Voltage Range: 4.5V to 5.5V 

LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels Ii < 5A at VOL, VOH 


Description 


The Harris HCTS373MS is a Radiation Hardened octal transpar- 
ent tri-state latch with an active-low output enable. The outputs 
are transparent to the inputs when the Latch Enable (LE) is 
HIGH. When the Latch Enable (LE) goes LOW, the data is 
latched. The Output Enable e (OE) controls the tri-state outputs. 
When the Output Enable (OE) is HIGH, the outputs are in the 
high impedance state. The latch operation is independent of ine 
state of the Output Enable. 


~ The HCTS373MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS373MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 


H = High Level, 
X= 


L = Low Level 
Immaterial, Z = High Impedance 


| = Low voltage level prior to the high- 
to-low latch enable transition 


h = High voltage level prior — 
to the high-to-low latch 
enable transition 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 7-546 


HCTS373MS 


Radiation Hardened 
Octal Transparent Latch, Tri-State 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR, CDIP2-T20, LEAD FINISH C 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR, CDFP4-F20, LEAD FINISH C 
TOP VIEW 
OE a |, Vcc 
Qo CJ 2 Q7 
Dd —_——_—_] 3 D7 
D1 4 D6 
Qa Ce 5 Q6 
eQ2 CC) 6 Q5 
D2 C7 CS D5 
D3 8 D4 
Qe CN) 9 Q4 
GNA 5 10 LE 
Functional Diagram 
10OF8 
(3, 4, 7, 8, 13, LATCH 
14, 17, 18) 
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Specifications HCTS373MS 


Absolute Maximum Ratings Reliability Information 


Supply Voltage (VCC). ............6..0062022+-70.5V to+7.0V Thermal lmpedance ................ Oia Oc 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... .... eee ee ee eee 75°C/W 16°C/W 
DC Input Current, Any One Input............. 0.00. ce ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................ 2 eee ee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) FOr F995 C10 100°C ny sieeknaulasdloe pone sade gan WAS 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)...............0.4. +265°C 

Junction Temperature (TJ) 2... ... cece ce cee cee eens +175°C 

ESD Classification aso oiceceeetenave ieee cosy sen Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... 1... cee eee eee eee +4.5V to +5.5V = Input Low Voltage (VIL). 0... 2... cece ee eee ee wees 0.0V to 0.8V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) nares 500ns Max — Input High Voltage (VIH)........... Vheiw a sae ies VCC/2 to VCC. 
Operating Temperature Range (Ta) ..... utawees -55°C. to +125°C | . 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current 1IOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 


VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage Low 


VCC = 5.5V, VIH = 2.75V, 


IOL = 50nA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
lIOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.8V 


Output Voltage High 


| 
V 
Input Leakage 
Current | 
Output Tri State | VCC = 5.5V, VO = OV or 
Leakage vcc 


Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V (Note 2) 


CC 
OL 
OH 
OZ 


NOTES: 
1. All voltages reference to device GND. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Quiescent Current hon VCC = 5.5V, 
VIN = VCC or GND oe 


VCC = 5.5V, VIN = VCC or 
GND 


GROUP LIMITS 
A SUB- 
GROUPS TEMPERATURE UNITS 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


hy) 


S d : N 
a = 


NJ 
nN 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C Vcc 


+25°C, +125°C, -55°C VCC 


+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C, +125°C, -55°C 


2,3 
1,2,3 
1,2,3 
1,2,3 
1,2,3 
2,3 
7, 8A, 8B 


2. For functional tests VO. 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


a 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ 
ahr °° | : GROUP. a 
. (NOTES 1,2) A SUB- | 
SYMBOL | . CONDITIONS _ GROUPS TEMPERATURE 
+125°C, -55°C 
TPHL | VCC =4.5V +2 | 
2 
2 


LIMITS — 


5 
= 
+ 
7) 


PARAMETER 
Data to Qn 


24 
LE to Qn 27 
34 
Enable to Output 
2 


TPZL | VCC =4.5V 
bel eee 
TPZH | VCC =4.5V 


Disable to Output TPLZ, VCC = 4.5V 
, = TPHZ . 


NOTES: 
1. All voltages referenced to device GND. | | 

- 2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
. TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
- PARAMETER SYMBOL | =~ CONDITIONS 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation | bo ge ° 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition ~TTHL ~~ | VCC =4.5V - 
Time . “TTLH 


Setup Time Data to VCC = 4.5V 


- TPLH J} VCC =4.5V 
ie eee 


ol + 
| oa 10, 11 +125°C, -55°C 


10, 11 +125°C, -55°C | 


5 


NOTES 


TSU 

Hold Time Datato | TH VCC = 4.5V 

LE 7 
Pulse Width LE VCC = 4.5V | 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


200K RAD 1M RAD 
LIMITS LIMITS 
SYMBOL 


ae a 
<— ra76 
Le 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND 425°C 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 

VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
: 


VIL = 0.8V at 200K RAD, 
= 
= 
= 


rd 
7 


UNITS 
mA 


E 


A 


Output Voltage Low 


m 
V 
V 


Output Voltage High 


Input Leakage Current 


VIL = 0.3V at 1M RAD, 
IOL = 50pA 
VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
Tri-State Output Applied Voltage = OV or VCC +25°C +100 
Leakage Current 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, +25°C 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


-0.1 
VIL = 0.3V at 1M RAD, 
a 
ae 
re. 
me 
i 


IOH = -50pA 
LE to Qn VCC = 4.5V +25°C 
TPHL VCC = 4.5V +25°C 
Enable to Output TPZL VCC = 4.5V +25°C 
TPZH VCC = 4.5V +25°C: 


Disable to Output TPLZ, VCC = 4.5V +25°C 
| TPHZ 


NOTES: 
1. Ail voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 


34 


© 
a, 
vo) 
od 


cllhhh) dep] te 


3.75 

-0.1 
Le oe 
2 | 2 | 
Lee ae) 
2 
2 | 8 
oo ee 
Ee ee 


0.75 
0.1 
+5 
+50 
24 
| 34 
| 36 
thet 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 


12 


58 WA 
IOLIOH fee -15% of 0 Hour 
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aa _ TABLE 6. APPLICABLE SUBGROUPS 


a OO 
a 
a 
[aomanewn «dt Sermenos | nzareneseran | 
a ae a 
eae «dC Seroos (ar eeran f 


NOTE: 7 | 
1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 
Group E Subgroup 2 5005 Table 4 Se ae Table 4 (Note 1) 


NOTE: 


1. Except FN test which will be performed 100% Go/No-Go. 
TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) | 


2,5,6,9,12, 15,16, | 1,3, 4, 7, 8, 10, 11, 20 
19 13, 14, 17, 18 
STATIC BURN-IN Il TEST CONNECTIONS (Note 1) eS » 4 


2,5, 6,9, 12, 15, 16, 10 1, 3, 4, 7, 8, 11, 13, 
19 14, 17, 18, 20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 
, 15, 16, 20 11 3, 4, 7, 8, 13, 
14, 17, 18 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 


NOTES: 
2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


2, 5,6, 9, 12 
19 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6, 9, 12, 15, 16, 19 re Od 1,3, 4, 7, 8 14, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. Group 
E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


7-550 


HCTS373MS 


AC Timing Diagrams and Load Circuit 


INPUT 


DATA AND LATCH ENABLE PROPAGATION DELAYS LATCH ENABLE PREREQUISITE TIMES 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 500Q — 
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Tri-State Low Timing Diagram and Load Circuit 


vec 
VIH | 
oe RL | 
VIL a 
DUT POINT 
CL 
Ney 


OUTPUT 


ee eee ee ee ee 


CL = 50pF ik 
RL=5000 — = 


TRI-STATE LOW VOLTAGE LEVELS 


weer enreecezwe 


DUT TEST 
. POINT 
VIH 
VIL 
TPHZ 
VOW ¢ ce ets es ric acer Eas cas ol CL = S0pF 
RL = 500 
OUTPUT 

voz 


TRI-STATE HIGH VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kKA + 1kA 


GLASSIVATION: 
Type: SiO» : 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4x4mils 


Metallization Mask Layout 
HCTS373MS 


Ley 


Ly 


: . —e (18) D7 
f ; ies rH HH if WW ATE 
: ; , a. Ut . ( nih pao vt 
feel Al ee sd) CN iy ST 


D1 (4) E | k f NGS sa TET <a : —— : el Aa i pococen || 
(45 iE | ai =" 5 - a “ig f | ped a (17) D6 


aren eer eens oe 


LOGIC 


Q1 (5) \ oS . 
q eoillal 
= 
(16) Q6 
@2 (6) 
(15) Q5 
D2 (7) 
A (14) DS 


(8) (9) (10) 4) (12) (13) 
D3 Q3 GND LE a4 D4 


L eninesicca-neiassia-canseainanmnteriupsagiioatestait uthaspsipacinisuncitest 4 
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Byars HCS374MS 


Radiation Hardened Octal D-Type 


December 1992 Flip-Flop, Tri-State, Positive Edge Triggered 
Features Pinouts © 
e 3 Micron Radiation Hardened SOS CMOS_ © 20 PIN CERAMIC DUAL-IN-LINE A hae 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH ¢ 


_ Total Dose 200K or 1 Mega-RAD(Si) 

° Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Immunity 2 x 10°? Error/Bit Day (Typ) 
¢ Latch-Up Free Under Any Conditions 


e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V 


input Logic Levels 


- VIL =0.3 VCC Max 
- VIH = 0.7 VCC Min 


¢ Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


= - as 20 PIN CERAMIC FLAT PACK 
Descrip tion MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
The Harris HCS374MS is a Radiation Hardened non- A aavening | TOP VIEW 


octal D-type, positive edge triggered flip-flop with tri-stateable— 
outputs. The HCS374MS& utilizes advanced CMOS/SOS technol- 


1 @ vec. . 
ogy. The eight flip-flops enter data into their registers on the 2 Q7" 
LOW-to-HIGH transition. of the clock (CP). Data is also. trans- 3 D7 
ferred to the outputs during this transition. The output enable - 4” Dé 
(OE) controls the tri-state outputs and is independent of the reg- 5 as 
ister operation. When the output enable is high, the outputs are in 6 Qs 
the high impedance state. 7 DE 
The HCS374MS utilizes advanced CMOS/SOS technology to- 8 D4 
achieve high-speed operation. This device is a member of 9 Q4 
radiation hardened, high-speed, CMOS/SOS Logic Family. 10 cP 


The HCS374MS is supplied in a 20 lead Weld Seal Ceramic 
_ flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


Truth Table 2 Functional Diagram 
10F8 


H= High Level | _/__ =Transition from Low to rtp = 
L= Low Level Level 
X= Immaterial QO = the level of Q before the indicat- 
Z= High Impedance ed input conditions were estab- 
lished 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. | File Number 2470.1 | 
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Specifications HCS374MS 


Absolute Maximum Ratings 
Supply Voltage (VCC). 0.0... ... cece cece e eee -0.5V to +7.0V 


Reliability Information 


Thermal Impedance ....:........... Gi, 6; 


Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 0... 0... ce eee eee 75°C/W 16°C/W 
DC Input Current, Any One Input............. 0... cece eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output....................65. +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ty, = -55°C to +100°C ....... eae ee eee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)..............000- +265°C 

Junction Temperature (TJ)... 0... cc cece cee eee ee +175°C 

ESD: Classification s..i3 6o0aSQew ee awee eaves tedweeds Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUppIY VOllaGG 50:05 oewiaw ay actin weaned +4.5V to +5.5V —s Input Low Voltage (VIL)................... 0.0V to 30% of VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max Input High Voltage (VIH)..............-.6- 70% of VCC to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP 
(NOTE 1) A SUB- 

PARAMETERS SYMBOL CONDITIONS GROUPS 

Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 

Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
Output Current IOH VCC = 4.5V, VIH = 4.5V, 
(Source) 


VOUT = VCC -0.4V, 

+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 
VCC = 4.5V, VIH = 3.15V, 
IOH = -50p/A, VIL = 1.35V 


CC 

OL 

OL 

OH +25°C, +125°C, -55°C 
VCC = 5.5V, VIH = 3.85V, 

OZ 

FN 


Output Voltage High. 
IOH = -50p/A, VIL = 1.65V 


Input Leakage VCC = 5.5V, VIN = VCC or 
Current GND 
Applied Voltage = OV or 
VCC, 
VCC = 4.5V and 5.5V. 
VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 
NOTE: 


1. All voltages reference to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


+25°C 
+125°C, -55°C 


| 
| 
Output Voltage Low V VCC = 4.5V, VIH =3.15V, 
IOL = 50pA, VIL = 1.35V 
VCC = 5.5V, VIH = 3.85V, 
IOL = 50pA, VIL = 1.65V 
Vv 
| 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 7 Es _ | GROUP 
(NOTES 1, 2) A SUB- 
PARAMETER SYMBOL |  —s CONDITIONS GROUPS TEMPERATURE 
Clock to Q TPLH | VCC=4.5V0 
| TPHL - 


425°C, -55°C 


| 8 
Enable to Ouptput TPzL. | VCC =4.5V a ee 
ee 
Disable to Output TPLZ | VCC =4.5V | SS a ee 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TG 
5 


_ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Capacitance Power CPD | VCC =5.0V, f= 1MHz | 4 fC] Typical’ 7 =| opFC 
a eee ee 
Input Capacitance CIN VCC = Open, f = 1MHz Leh | aa 
el a ee 
Max Operating Fre- | FMAX | VCC =4.5V a ee ee 
ee eee 
Ela el 
ee ee 
ae ene <a 
ie ce 
NOTES: | m 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 


PARAMETER SYMBOL CONDITIONS _ NOTES TEMPERATURE | MIN | 
: 
Output Transition TTHL VCC = 4.5V 
ne _ ad +125°C, -55°C 
~ +125°C, -55°C 
Hold Time Data to ‘VCC = 4.5V 
Clock 
Pulse With Clocks 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 
PARAMETERS | SYMBOL CONDITIONS ERATURE 


UNITS 


200K RAD 1M RAD 
LIMIT 
TEMP- LIMITS Ss 
ICC = 2 | 2.0 | 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND +25°C 
VOUT = 0.4V 
; Z 


mA 
mA 
mA 
V 
Output Voltage High V 


Output Current VCC = 4.5V, VIN = VCC or GND +25°C 
(Source) VOUT = VCC -0.4V 
Output Voltage Low L VCC = 4.5V or 5.5V, +25°C 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
_ {1OL = 50pA 
+5 
feel 


VOH VCC = 4.5V or 5.5V, +25°C VCC 
VIH = 0.70(VCC), 0.1 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA | 
Rok 


Input Leakage Current 


Tri-State Output 
Leakage Current 


VCC = 5.5V, VIN = VCC or GND Soe. 
Applied Voltage = OV or VCC, +25°C 
VCC = 4.5V and 5.5V 


vcc 
FN VCC = 4.5V, VIH = 0.70(VCC), +25°C 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) | 


il OO Ke a Mal Sa Te 
TPHL 
ieee booed 
Lew ee 


Noise Immunity 
Functional Test 


Enable to Output TPZL VCC = 4.5V +25°C 
? TPZH 
Disable to Output VCC = 4.5V 
TPHZ |VCC=45V_ . 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 
3. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.4V is recognized as a logic “0”. 


© 
© 
ve) 
-t 


Pelee] tp) te eee 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


re os ee 
PARAMETER SUBGROUP DELTA LIMIT 

CS 
Cs 
a 
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TABLE 6. APPLICABLE SUBGROUPS 


nO 
PDA 


10 
a 
a 
[Gua wow | Sanpisoos | aarenesaran | 


NOTE: Alternate Group A testing in accordance with Method 5005 of Mil-Std-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: Except FN test which will be performed 100% Go/No-Go. | 


- TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 
a a ae 


STATIC | BURN-IN (Note 1) | . 
2, 5, 6, 9, 12, 15, 16, 19 1, 3, 4, 7, 8, 10, 11, 20 
13, 14, 17, 18 


STATIC Il BURN-IN (Note 1) 


2, 5, 6, 9, 12, 15, 16, 19 1,3, 4, 7,8, 11, 13, 
14, 17, 18, 20 


DYNAMIC BURN-IN (Note 2) | 
2, 5, 6, 9, 12, 15, 16, 19 3, 4, 7, 8, 13, 
. 8 14, 17, 18 


NOTES: ay os 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. | 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5, 6, 9, 12, 15, 16, 19 1,3, 4, 7,8 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCS374MS 


’ AC Timing Diagrams and Load Circuit 


TSU(H) 


TSU(L) 


VS VS 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


VCC 


DUT TEST 
POINT 
CL = 50pF 


RL = 5002 


80% 


80% 
OUTPUT 


OUTPUT TRANSITION TIME 
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Tri-State Low Timing Diagrams and Load Circuit . 


ViH 
RL 
VIL 


DUT POINT. 


OUTPUT 


VIH 


DUT TEST 
POINT 
CL = 50pF 


RL = 500 


OUTPUT 


TRI-STATE HIGH VOLTAGE LEVELS 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: Al/Sil | 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100”um 
4 mils x 4 mils 


Metallization Mask Layout 


HCS374MS 
DO Q0 OE vcc 
(3) (2) (1) (20) 


qi 


at | 
AA, 
we 


a2 (6) Hi 


D2 (7) |: 


Ag Ty, 


(8) (9) (10) (11) 
D3 Q3 Q4 cP 
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Q4 


oar stot -f 


(13) 
D4 


reer) 
ea 


yf (18) D7 


Hy (17) D6 


1 (16) a6 


Al (15) Q5 


el (14) Ds 


Brannis  HCTS374MS 


Radiation Hardened Octal D-Type 


December 1992 Flip-Flop, Tri-State, Positive Edge Triggered 
Features Pinouts * Ye 
¢ 3 Micron Radiation Hardened SOS CMOS 20 PIN CERAMIC DUAL-IN-LINE | 
° Total Dose 200K or 1 Mega-RAD(Si) MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 


TOP VIEW 
Dose Rate Upset >10'° RAD(Si)s 20ns Pulse | 


¢ Cosmic Ray Upset Immunity 2 x 10°? Error/Bit-Day 
e Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 
¢. Military Temperature Range: -55°C to +125°C 
e Significant Power Reduction Compared to LSTTLICs 
e DC Operating Voltage Range: 4.5V to 5.5V 
e LSTTL Input Compatibility 


- VIL = 0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5A at VOL, VOH 


Description 20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 
The Harris HCTS374MS is a Radiation Hardened non-inverting TOP VIEW 
octal D-type, positive edge triggered flip-flop with tri-stateable : : 
outputs. The eight flip-flops enter data into their registers on the 
LOW-to-HIGH transition of the clock (CP). Data is also trans- 
ferred to the outputs during this transition. The output enable 
(OE) controls the tri-state outputs and is independent of the reg- 
ister operation. When the output enable is high, the outputs are in 


the high impedance state. 


The HCTS374MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS374MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-in-Line Package. 
(D suffix). 


vcc 


9 
a 


ooanrondaa WN — 


10 


Truth Table 


INPUTS OUTPUTS 


Functional Diagram 


1OF8 


Coe Tm ee Oe 
D o a Q 
a aa ee eee | OF (25,69, 
11 
ee ee ee ee ee ee 
H= High Level (Steady State) _/ =Transition from Low to High OE 
= LowLevel (Steady State) - _ Level | 1 
X= Immaterial QO = The level of Q before the 
7= Hich! d indicated input conditions 
i a were established 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. | File Number 21 34.1 
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Specifications HCTS374MS 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage (VCC)..............006. eat aa -0.5V to+7.0V Thermal lmpedance ................ Gia 8 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC...............000- 75°CWW 16°C 

DC Input Current, Any One Input............. 02. cece eee +10mA Weld Seal Flat Pack............... 64°C/iW 12°C/W 
DC Drain Current, Any One Output................. 00 eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tq = 765°C to: 4100°C «odes ei edd eueas aw aew aes 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)........... Meee eee +265°C 

Junction Temperature (TJ)... ... cece eee w ce cece eees +175°C 

ESD Classification cic se's.ac ceed o5:6Ne nik eens eas Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... 22... cece ee ee eee +4.5V to +5.5V Input Low Voltage (VIL)........ 0... cece ee eee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C = Input High Voltage (VIH). 0... ... eee ee eee ee eee VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL 


Quiescent Current 


GROUP 
A SUB- 


LIMITS 


rs 


750 


(NOTE 1) 
CONDITIONS GROUPS 


VCC = 5.5V, 1 
VIN = VCC or GND 
VCC =4.5V,VIH=4.5V, | 1 7 
VOUT = 0.4V, VIL = OV as ee eee 
7 
0 


TEMPERATURE 
+125°C, -55°C 


Output Current 
(Sink) _ 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VOL 
VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


Output Current 
(Source) 


Output Voltage Low 


feos Mee. | 
eo) a 
Laat 
e228 __| | 6.0 | 
na 425°C, +125°C, -55°C fa 
ane gamers | 
Kid Konda 
0.1 
4 
; 


IOH = -50nA, VIL=0.8V 
GND +125°C, -55°C 


arose [50 
: 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V © 


Output Voltage High 


V 
Vv 
V 
V 


VCC = 5.5V, VIH = 2.75V, 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


2,3 
2,3 +125°C, -55°C +50 


VCC = 4.5V, VIH =2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) : 


Noise Immunity 
Functional Test — 


NOTES: _ . 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Oo;o 
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Specifications HCTS374MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


| ef GROUP | | D 
| (NOTES 1, 2) A SUB- oe 

SYMBOL | CONDITIONS | GROUPS | TEMPERATURE [min | 

{ TPLH |vcc=45v00  - | 9 | #25C 0 | 2 | 

Tio [vases [2 

ee a ee 

Disable to Output TPLZ, | VCC =4.5V | 9 {| same. [2 | 

ee Le a 


NOTES: _ 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5002, CL = SOpF, Input TR = TF = 3ns, VIL = GND, VIH =3V. - 


PARAMETER 
Clock to Q 


Enable to Output 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


s*, LIMITS 
PARAMETER | SYMBOL ~ CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Capacitance Power CPD VCC = 5.0V,f=1MHz © Typical 40 
Dissipation | +125°C Typical 40 
Input Capacitance CIN | VCC=Open,f=1MHz | 
; . +125°C 
Output Transition TTHL =} VCC =4.5V 
Time LH | 
Max Operating Fre- FMAX VCC = 4.5V . 
quency _ | 
SU = 4, 
H = 4,.5V _ . 


q 


[wees 
r 


~  +125°C, -55°C 


+1 25°C, -55°C 
Setup Time Data to T. VCC = 4.5V 
Clock 
Hold Time Data to T VCC = 4.5V 
-Clock ay 


1 
4 


Pulse Width Clock - VCC = 4.5V 


NOTE: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ee RAD 1M : ee 
| ee : ee 
ERATURE UNITS 


TE 
oe 
CR 
sail Tl Bik Ged ad Sal 
el al Hae OR Pd 
"FC RELL 
ad aa 
cn 
Pes pe 
cee 
PPE Ee 


(NOTES 1, 2) 
CONDITIONS 


VGC = 5.5V, VIN = VCC or GND 


VCC = 4.5V, VIN = VCC or GND, 
VOUT = 0.4V 
VCC = 4.5V, VIN = VCC or GND, 
VOUT = VCC -0.4V 


PARAMETERS — 


Output Current mA 
(Source) 


Output Voltage Low 


VCC = 4.5V and 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOH = -S0pA 


VCC = 5.5V, VIN = VCC or GND 


Applied Voltage = OV or VCC 
VCC = 4.5V, VIH = 2.25V, 

VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD (Note 3) 


Clock to Q TPLH | VCC=4.5V 
TPHL | VCC=4.5V 


Enable to Output TPzL | vCC=4.5V 
TPZH | VCC=4.5V 


Disable to Output TPLZ, | VCC =4.5V +25°C 
TPHZ 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Voltage High 


input Leakage Current 


Tri-State Output 
Leakage Current 


VCC = 4.5V and 5.5V, VIH=VCC/2,| +25°C 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

IOL = 50pA 


MP- 
25°C 
25°C 
25°C 

+25°C 

+25°C 


Noise Immunity 
Functional Test 


44 


a ee 
e252 
2 ae 
a 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


ee 
IOV/IOH a as -15% of 0 Hour 
a.orn Ce 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
initial Test (Preburn-In) ouee 100%/5004 ICC, IOV/H 
Interim Test I (Postburn-In) 100%/5004 ICC, IOU/H 


a 
ee ae ee ee 
Frater | toto [810 
Tercupartie DY Samoiaanos | naar 8h 06.0.1 
Group B 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 
ance =< em een cae RR 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


-CONFORMANCE 
GROUPS METHOD 


TABLE 7. TOTAL DOSE IRRADIATION 


[Grape Suogome [woos [1.7.0 | tates [10] Taba tine) 
NOTE: i *: | | | 


1. Except FN test which will be performed 100% Go/No-Go. 
‘TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR _ 
1/2 VCC = 3V + 0.5V vec=6v+05V |  SokHz | 25kHz | 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


2,5, 6, 9, 12, 1, 3, 4, 7, 8, 10, 11, 13, 
15, 16, 19 14, 17, 18 am 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 7 


2, 5, 6, 9, 12, 1, 3, 4, 7, 8, 11, 13, 
15, 16, 19 14, 17, 18,20 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


2, 5, 6, 9, 12, 15, 16, 19 11 3, 4, 7, 8, 13, 
14, 17, 18 


NOTES: . . 
1. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 
2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


2,5,6,9,12,15,16,19} 10 | 1, 3, 4, 7, 8, 11, 13, 14, 17, 18, 20 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. | 
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AC Timing Diagrams and Load Circuit 


VS 


TH(L) TH(H) 


TSU(H) 


TSU(L) 


VS VS 


Qn 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


80% 


80% 


OUTPUT. ~ 


OUTPUT TRANSITION TIME 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5000 —2 
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HCTS374MS 
Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


VIH 


vcc 


VIL 


«DUT 
OUTPUT 


' CL = 50pF 


. TRESTATE LOW VOLTAGE LEVELS Resco 


PARAMETER HCTS UNITS 


VCC 


Tri-State High Load Circuit 


DUT TEST 


POINT 
‘VIH 
CL RL 
VIL 
CL = 50pF 
VOH RL = 5000 = 


OUTPUT 


PARAMETER 
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Die Characteristics 


DIE DIMENSIONS: 
108 x 106 mils 


METALLIZATION: 
Type: AlSi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO». 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout. 


HCTS374MS 
Do Qo OE vcc Q7 
(3) (2) (1) (20) (19) 


| (18) D7 


‘ (16) Q6 


Pe 


(15) Q5 


| (14) DS 


(10) (11) (12) (13) 
D3 Q3 GND CP Q4 D4 
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. Features 
e 3 Micron’Radiation Hardened CMOS SOS 
e Total Dose 200K or 1 Mega-RAD(SI) 
° Dose Rate Upset >10'° RAD(Si)’s 20ns Pulse 
-<¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 
e Latch-Up Free Under Any Conditions 


e¢ LSTTL Input Compatibility 


- VIL =0.8V Max 
- VIH = 2.0V Min 


¢ Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS390MS is a Radiation Hardened _ dual 


decade ripple counter. 


HCTS390MS 


Radiation Hardened 
Dual Decade Ripple Counter 


Pinouts 


Military Temperature Range........ -55°C to +125°C 
7 Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range ........... 4.5V to 5.5V 


The HCTS390MS utilizes advanced CMOS/SOS technology 


to achieve high-speed operation. This device is a member of 


radiation hardened, high-speed, CMOS/SOS Logic Family . 


The HCTS390MS is supplied in a 16 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 


Line Package (D suffix). 


Functional Diagram 


4(12) 
nCPi¢ > 


1(15) - 
R 
2(14) 
- nMRe > >. 


YY 
3(13) ¢ 
nQo 


\/ 


5(11) ¢ 
nQi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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16 PIN CERAMIC DUAL-IN-LINE | 
MIL-STD-1835 DESIGNATOR CDIP2-T16, LEAD FINISH C 
TOP VIEW ay 


CPON 1 | 1| 
MR 1 | 21 
Q01 {3| 

CPIN1 | 4| 
Qi1{5| 
Q2116| 
Q31 
GND | 8] 


16 PIN CERAMIC FLAT PACK 


MIL-STD-1835 DESIGNATOR CDFP4-F16, LEAD FINISH C 


43 THs * 
fii to> >t, 


TOP VIEW 


@ 
= 
nH 


vcc 
CPON2 
MR 2 
Q02 
CPIN2 
Q12 
Q22 
Q3 2 


on oOo a fea oO HN = 
«a 
LS) 


TRUTH TABLE 


INPUTS 
[er [wm | scr 


VY 
H= 
Y L = Low Logic Level 
7(9) ¢ X = Immaterial 
nQ3 


_f/ = Low-to-High 
“\._ = High-to-Low 
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Specifications HCTS390MS 


Absolute Maximum Ratings | _ Reliability Information 

Supply Voltage (VCC)... 0... eee eee eee eee -0.5to+7.0V  Thermallmpedance ................ Oia 8. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC................... 75°CW 16°C/W 
DC Input Current, Any One Input................ 222 c ee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output................ (eekoeus +25mA __— Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Ta 05°C 10: IOC C inno ct eutetesed ius vans 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ty = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec).................. +265°C 

Junction Temperature (TJ)... 2. eee ce eee eee eee +175°C 

ESD CIassifiCaliON o2.c560 teeta takes head Meio e ed Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions | 
Supply Voltage sic su con. tee eee as adios +4.5V to +5.5V = Input Low Voltage (VIL)... 1... .... eee ee ee eee 0.0V to 0.8V 


Operating Temperature Range (Ta) ...... Se -55°C to +125°C ~—s Input High Voltage (VIH)............. cee ee ee eee 2.0V to VCC 
Input Rise and Fall Time at 4.5V VCC (tr, tf) .......... 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
PARAMETERS | SYMBOL CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


Output Current VCC =4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 
(Standard Driver) 


Output Current IOL VCC = 4.5V, VIH = VCC or 
(Sink) GND (Bus Driver) 


Output Current lIOH VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL = OV (Standard Driver) 


VCC = 4.5V, 
VOUT = VCC - 0.4V 


+25°C 
(Bus Driver) 


+125°C, -55°C 
VCC = 4.5V, VIH = 2.25V, 


1,2,3 +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 


_ LIMITS 


TEMPERATU RE MIN 


DAE 


UNITS 


425°C Rae ie 


+125°C, -55°C 
+125°C, -55°C Kol 


"425°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C. 


Output Current 
(Source) 


fo No 
- = - _ ~ 
(e) a 


VCC = 5.5V, VIH = 3.85V, 1,2,3 +25°C, +125°C, -55°C 


IOL = 50pA, VIL = 1.65V 
VOH | VCC =4.5V, VIH=2.25V, 425°C, +125°C, -55°C | VCC 
IOH = -50pA, VIL = 0.8V 0.1 
VCC = 5.5V, VIH = 3.85V, +25°C, +125°C, -55°C | VCC 
IOH = -50A, VIL = 1.65V 0.1 
VCC = 5.5V, VIN = VCC or as +25°C ace 
ND 
VCC = 4.5V, VIH=2.25V, | 7,8A,8B | 425°C, 128°C, 55°C 
VIL = 0.80V (Note 2) 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Ct 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP | 
. | (NOTES 1, 2) A SUB- 
PARAMETER SYMBOL CONDITIONS GROUPS 


CPON to QOn 


acs a —-+125°C, -55°C. 


| 10,19 
CP1Nn to Qin TPHL | VCC =4.5V 7 a ee 
ch ee ce ee 

| 8 

10,11 

a ee 


Mn 

2 

Lea 

<t | TPLH — ae 
| ee 


+125°C, 55°C. 
CP1Nn to Q3n TPHL | VCC=4.5V 
fe ogee TP + 
| an 10,114 ff  +125°C,-55°C 


+125°C, -55°C 
NOTES: . 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| — LIMITS 
‘NOTES TEMPERATURE 


_1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


. 2. Applies to DIC packaged devices. _ 
3. Applies to Flatpack packaged devices. 


Capacitance Power 
Dissipation 


1 


2 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


coe RAD ~ Eee RAD 
. LIM Eee 
TEMP- tne | 
PARAMETERS SYMBOL ERATURE UNITS 


VCC = 5.5V, VIN = VCC or GND | mA 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 


(NOTES 1, 2) 
CONDITIONS 


Output Current 
(Source) 


Output Voltage Low 


Output Voltage High 


VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 
VCC = 4.5V and 5.5V, VIH = +25°C 
2.25V, VIL = 0.80V at 200K RAD, 
VIL = 0.30V at 1M RAD, 
IOL = 50pA . 
VCC = 4.5V and 5.5V, VIH = +25° 
2.25V, VIL = 0.80V at 200K RAD, 
VIL = 0.30V at 1M RAD, 
IOL = -50pA ; 
—_ HA 
+25 


VCC = 5.5V, VIN = VCC or GND 


Noise Immunity 


Input Leakage Current 


Functional Test 


Cc 
VCC = 4.5V, VIH = 2.25V, +25°C 
| VIL = 0.80V at 200K RAD, 
VIL = 0.30V at 1M RAD (Note 3) 
CPONn to QOn TPHL VCC = 4.5V 25°C 
TPLH 
25°C 


44 


CP1Nn to Qin TPHL VCC = 4.5V (425°C 
TPLH 

CP1Nn to Q2n TPHL VCC = 4.5V +25°C 
TPLH 

CP1Nn to Q3n TPHL VCC = 4.5V +25°C 
TPLH 


[waar | em _fveoaey dC 


OTES: 

1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 

3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “0”. 


ram To 
aT = 
ALE 
PEE 
ae 


2 
© 
fe) 
— 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


lOL/IOH ee -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) | 100%/5004 ICC, IOV/H 
Interim Test I (Pestburndn): 100%/5004 ICC, IOUH 


ane SI 
a "eA CoC et ENE 
0 
Se a eee 
a 


NOTE: 1. Alternate Group A in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE dated 


- CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD — PRE RAD POST RAD PRE RAD POST RAD 


Group E Subgroup 2 5005 Table 4 Table 4 (Note 1) 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS he 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in | 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3,5-7,9-11, 13 ee See 1,2,4, 12, 14-16 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


Qo 


VS VS ao 


INPUT PULSE PRE-REQUISITE, PROPAGATION-DELAY, AND MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS ~ 


OUTPUT-TRANSITION TIMES 
AC VOLTAGE LEVELS 
TTLH TTHL 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 
DUT TEST 
POINT 
CL = 50pF 
RL = 5000 
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Die Characteristics 


DIE DIMENSIONS: 

86 x 86 mils 

2190um x 21904m 
_METALLIZATION: 

Type: SiAl Saas 

Metal Thickness: 11kA + 1kA 

GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
. Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


- BOND PAD SIZE: 
100um x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS390MS 


(1) CPON 1 
Fe] (16) vec 
(15) CPON 2 


(2p mAt | : (14) MR2 


baa eine ta 


Qo1 (3) | I HY] (13) Q02 


il 
} 


PES pron neeh I aly flat ie ne At ; | i 4 im f; 
aS | 13 bessemeeae Bb pei OC | (Sia : | Se | SSS Ie 
GRIN) Re HE eae eee | ec se) : 


Che) NS 
==> 


| 


Q1 (5) 4 bee = : (11) Q12 


co 


i 


Q2 (6) E : (10) Q22 


nha 


Q31 (7) 
GND (8) : 
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Features 

_@ 3 Micron Radiation Hardened CMOS SOS 

¢ Total Dose 200K or 1 Mega-RAD (Si) 

° Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 

-¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day - 
' e Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 


- Standard Outputs............... 10 LSTTL Loads 
¢ Military Temperature Range ........ -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTLICs 
¢ DC Operating Voltage Range ........... 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL =0.8V Max 
= VIH=VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCTS393MS is a Radiation Hardened 4-stage 
riple-carry binary counter. All counter stages are master- 
slave flip-flop. The state of the stage advances one count on 
the negative transition of each clock pulse. A high voltage 
level on the MR line resets all counters to their zero state. All 
inputs and outputs are buffered. 


The HCTS393MS utilizes advanced CMOS/SOS technology 
to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS393MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


HCTS393MS 


Radiation Hardened 
Dual 4-Stage Binary Counter 


’ 14 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C 
TOP VIEW 


14 PIN CERAMIC FLAT PACK 


CASE OUTLINE F-2A, CONFIGURATION 2, 
MIL-STD-1835 DESIGNATOR CDFP3-F 14, LEAD FINISH C 


TOP VIEW 


vcc 
2CP 
2MR 
2a0 
2aQ1 
2 Q2 
2Q3 


LOGIC 


 scxcemawmpucitientensenstseaestanesiet saresmetenigustisttsnunntstsemtnacenes 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3071 
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Truth Table 


OUTPUTS 


c— 


_ H=High Lvel 
_ L=Low Logic Level 
- X=Immaterial— - 


: tf. = Low-to-High - 
_ ~\ =High-to-Low 


3(11) ¢ | 4(10) ¢ 5(9) ¢ 6(8) ¢ 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 0.2... eee eee eee eee -0.5V to+7.0V Thermal lmpedance ................ Oia Oi. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC........... 0. cece 75°CIW 16°C/W 
DC Input Current, Any One Input.......... 00... cee eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output...................006- +25mA Power Dissipation per Package (PD) ~ 

(All Voltage Reference to the VSS Terminal) . For Ta = -55°C to +100°C ...... dar Sa ahaha Uta cabatuatiel 5 taser ore 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)...............04- +265°C 

Junction Temperature (TJ) ....... 2c ee eee eee eee ee +175°C 

ESD Classification 66:6. i ni cadens intsoninwewasetes o4 Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damagg. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply Voltage...... Suceharananetacain Reha eee a mie ueiem +4.5V to +5.5V Input Low Voltage (VIL)... 2... ce eee ee cee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (tr, tf).......... 500ns Max Input High Voltage (VIH).............. 000 eeeeee VCC/2 to VCC 


Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP } LIMITS 
(NOTE 1) A SUB- 
PARAMETERS SYMBOL CONDITIONS GROUPS TEMPERATURE ares UNITS 


GuiescentGurrent | Ico | voo=aav, 
aeanank Deal VOOR Hp | ee ee 


+125°C, -55°C 


Output Current VCC = 4.5V, VIH = 4.5V, 4 425°C 
VOUT = 0.4V, VIL = OV 
(Sink) OUT =0 IL=0 +125°C, -55°C 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL=OV 


VCC = 4.5V, VIH = 2.25V, 


IOL = 50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 


+25°C, +125°C, -55°C 
IOH = -50pA, VIL = 0.8V 
VCC = 5.5V, VIN = VCC or —- +25°C 
GND 

a +125°C, -55°C 
VCC = 4.5V, VIH=2.25V, | 7,8A,8B | +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 
NOTES: 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


LOGIC 


PC 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


: | | | | | GROUP. LIMITS sf. 
| | (NOTES 1, 2) ASUB- | _ 
PARAMETER SYMBOL CONDITIONS GROUPS TEMPERATURE 


CPn to QO | TPHL | VCC=4.5V__ | 
| tm +125°C, -55°C 


Eine al 
| 10,11 

CPn to Qt TPHL | VCC =4.5V ae 

CPn to Q2 TPHL | VCC=45V) a a ee 
a oe 
10,11. | 
fee 
| 10,14 | 


. 43 


TPn to Q3 TPHL | VCC=4.5V 
: | TPLH | | 
os. £8 A a +125°C, -55°C _ 


NOTES: a 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


+125°C, -55°C 


PARAMETER SYMBOL | — CON DITIONS | NOTES 
C VCC = 5.0V, f = 1MHz 
Cc 


LIMITS 


Capacitance Power PD 

Dissipation 

Input Capacitance VCC = Open, f=1MHz — 
Output Transition TTHL, | VCC =4.5V 

Time LH 

Max Operating FMAX VCC = 4.5V 

Frequency . ; 


Pulse Width Reset TW VCC = 4.5V . 
(Ry) po 

Recovery Time TREC VCC = 4.5V 

Reset 


NOTE: ec 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


= 


27 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


2 RAD 1M RAD 
2 LIMITS 
TEMP- 
SYMBOL 


ERATURE } MIN | UNITS 
iol 


ae 


(NOTES 1, 2) 
CONDITIONS 


VCC = 5.5V, VIN = VCC or GND | 425°C | 


VCC = 4.5V, VIN = VCC or GND, 

| VOUT = 0.4V 

VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


| MIN | MAX | 
_—e | 075 | 
ie mca aa 
VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 
IOL = 50pA 
a VCC = 4.5V and 5.5V, 425°C ei 
iN Lee) 
| 2 | 3 


Output Voltage Low 


Output Vago High 


VIH = VCC/2, VIL = 0.8V at 200K 
RAD, VIL = 0.3V at 1M RAD, 


IOH = -50nA 


input Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 


Functional Test VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD (Note 3) 


VCC = 5.5V, VIN = VCC or GND. | 425°C 


34 


25°C 
+25°C 
25°C 
+25°C 
CPn to QO TPHL VCC = 4.5V +25°C 
TPLH 
CPn to Q1 TPHL VCC = 4.5V +25°C 
TPLH 
CPn to Q2 TPHL VCC = 4.5V +25°C 
TPLH 
CPn to Q3 TPHL VCC = 4.5V 425°C 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR=TF= ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


IOLIOH se -15% of 0 Hour 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS GROUP A SUBGROUPS 
— 0 

AP RRES 

ete es! 


100%/5004 1, 7, 9, Deltas 
~ 100%/5004 2, 3, BA, 8B, 10, 11 
Sample/5005 - 1, 2, 3, 7, 8A, 8B, 9, 10, 11 parent 


Singicup B-6 Sample/S005 
Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 
NOTE: 


1. Alternate group A A inspection in aceonianes with Method 5005 of MIL-STD-883 may be exercised. 
: - E | , READ AND RECORD 
SOEORMEL., 
GROUPS |. METHOD -PRERAD_. POST RAD. PRE RAD POST RAD : 


NOTE: 
_ 1. Except FN test which will be performed 100% GoiNo- Go. 


TABLE 7. TOTAL DOSE IRRADIATION © 


TABEL 8. STATIC AND DYNAMIC BURN-IN TEST CONN ECTIONS 


| = OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) . 


3-6,8- 11 wane [Pa 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


a PO PCS 2, 12,44 5 Sa 


NOTES: 
1. Each pin except VCC and GND v will have a resistor of 10KQ + 5% for static burn-in _ 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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HCTS393MS 


AC Timing Diagrams and Load Circuit 


Qn 


CLOCK PRE-REQUISITE AND PROPAGATION DELAY, AND MASTER RESET PRE-REQUISITE AND PROPAGATION DELAYS 


OUTPUT-TRANSITION TIMES 
AC VOLTAGE LEVELS 
PARAMETER HCTS UNITS 
TTLH TTHL 


80% 80% 


OUTPUT 


OUTPUT TRANSITION TIME 

O 
1) 
Oo 
pa 

DUT TEST 

POINT 
CL RL 
CL = 50pF 
RL = 500Q = 


7-583 


HCTS393MS 


Die Characteristics 


DIE DIMENSIONS: 
86 x 86 mils 


METALLIZATION: 
Type: AISi 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 


Metallization Mask Layout 
_HCTS393MS 


~ 
cc ‘ 
= 
-_ 
N 


: (14) vec 


225) FS 
te | coap ce) 
‘ia (fe Set 


Q0 1 (3) | pangs aay : (11) 20 


. : : . =I . out | ‘i 
' Hirata g ah \ ' : i SS po ° 
‘ sue Hiate UAY ge Hedy HORT IE. rad Sr - =' a 
ta i le it = — nh OO Ie: Bs bs a | 
si Fi oy AHR: a 
pana | | == RRR OBE = SSS ee : AY Pail: 
Beer wore Hoe Bip Fy ots . Ba | HR REL: - 
pea! Bo eee ae woe « PR BNE aol y IE oH ALI BONE: 3 
an oe A Carers potest Kuk bHed y ai 4: BU Oe 
ee |* a | aie 7) Gece B D June ARR s= nod om ~ 2y a 
Digg oe Sie = mis) nh . : : 
Sti fed”: fee: ees ie! = a CHB Rae : “ shoei Dg 
cree alles: sfae 4 pa jh ' fs “ “| aed . i 
ees a p = ig res 


ROR Cae 


TE (10) 2.1 


mg 
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Barris  HCTS540MS 


Radiation Hardened 


December 1992 Inverting Octal Buffer/Line Driver, Tri-State 
Features Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 20 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1 Me ga-R AD (Si) MIL-STD-1835 Bah ee eat LEAD FINISH C 


¢ Dose Rate Upset >10'° RAD(SIV/s 20ns Pulse 

e Latch-Up Free Under Any Conditions 

¢ Fanout (Over Temperature Range) 

- Bus Driver Outputs 15 LSTTL Loads 

Military Temperature Range -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range.4.5V to 5.5V 


e¢ LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH 


Description 20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 

The Harris HCTS540MS is a Radiation Hardened inverting TOP VIEW 

Octal Buffer/Line Driver, with two active-low output enables.” 


The output enable pins (OE1 and OE?) control the tri-state OEi 


1e 
sna If either enable is high the outputs will be in the high AO 2 
impedance state. For data output both enables (OE1 and At 3 
OE2) must be low. A2 4 ro) 
The HCTS540MS utilizes advanced CMOS/SOS technology A3 5 . 
to achieve high-speed operation. This device is a member of A4 6 —I 
radiation hardened, high-speed, CMOS/SOS Logic Family. AS 7 
The HCTS540MS is supplied in a 20 lead Weld Seal ve : 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- up 
Line Package (D suffix). as 
Truth Table Functional Diagram - 
andedGad ese scene een ctseate + 18 YO 
, . Y OUTPUTS 
¢ (18-11) 
AO 
AINPUTS. : 
(2-9 : : 


SWWVVesVeVVBewewwoesewseavoavewoeseZon_e 


TO OTHER 
7 BUFFERS 


H = High Level 
L =Low Level mmo 
X = Don't Care ik 


Z = High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 2232.1 
Copyright © Harris Corporation 1992 7-585 : 


Specifications HCTS540MS 


Absolute Maximum Ratings | a Reliability Information | 


Supply Voltage (VCC). ........ cece eee -0.5V to+7.0V Thermal lmpedance ................ Gia 86 
Input Voltage-Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC. ......... 00. ee eee 75°CWW 16°C/W 
DC Input Current, Any One Input................00cee eens +10mA Weld Seal Flat Pack............... 64°CWW  ——s«12°C/W 

_ DC Drain Current, Any One Output.......................t25mA Power Dissipation per Package (PD) ; . 

_ (All Voltage Reference to the VSS Terminal) | "For Ta = -55°C to +100°C oc eeceeeceeee ees thoonae IW 
‘Storage Temperature Range (TSTG)............ -65°C to+150°C 3 = >—«~For Ty = +100°C to +125°C......... Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)..............65- 2. +265°C meee # 

. Junction Temperature (TJ) ....... 0.0 ccc cece eee ee ees +175°C 
ESD Classification: $5s44.6Gws eee keane ewes ease Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions ar | . 
Supply Voltage (VCC). ..........c cece eee .... +4.5V to +5.5V Input Low Voltage (VIL)................ veeeseees 0.0V to 0.8V 


Operating Temperature Range (Ta) ...... “sae... °55°C to +125°C — Input High Voltage (VIH).......... seeevecesese MCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)...... 500ns Max. . , ws * sae, ae te hy 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| PARAMETERS | SYMBOL 
Quiescent Current ICC | VCC =5.5V, 
~ | VIN = VCC or GND 
OL. 


-- | Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) _| VOUT = 0.4V, VIL = OV. 

Output Current 

(Source) , } 


Output Voltage Low 


: GROUP LIMITS. 
(NOTE 1) A SUB- 
CONDITIONS GROUPS TEMPERATURE MIN 


eee 
4+125°C, -55°C ee | 7 

2. 

1 


+125°C,-55°C | 6.0. | 


eae 

Lees 

eel 

oe 

bel eve 
Peer] = 
ad 

Le! 

jee 

ae 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV | 


" -+125°C, -55°C 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH =2.75V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VCC or 
‘GND 


7. 
47, 
425°C, +125°C, -55°C | VCC 
0 
425°C, +125°C, -55°C 
0.1 


ee 
ae 
ee 

- 


+0.5 
+5.0 ] | 


50 
Applied Voltage = OV or +1 
vcc 


+125°C, -55°C 
VCC = 4.5V, VIH=2.25V, | 7,8A,8B 
VIL=0.8V(Note2)  . 


+25°C, +125°C, -55°C 
1. All voltages referenced to device GND. | 


2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


1 
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Specifications HCTS540MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTES 1, 2) | 
PARAMETER SYMBOL TEMPERATURE 


CONDITIONS 
Data to Output TPHL | VCC =4.5V 


a ee 


Enable to Output TPZL | VCC =4.5V 


jan | 
ea 
= 
ae 2 
Tian | sec. | 2 | 
bel ee Cs See 
a oe 
0 ao 


Disable to Output TPLZ, | VCC =4.5V | 
TPHZ 


+125°C, -55°C 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


L eammeren | ewon. | commons | vores | rarennes [Tar Twa | wre 

(eal Niel ie Se ee ae ee 
issipation a ee 
Input Capacitance CIN VCC = Open, f = 1MHz aa ee 

ieainaneed Boil bathe ser ne: nase sees 
Output Transition TTHL, | VCC =4.5V a ee 

Cae ee ee ce 

NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


LOGIC 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
MAX | 
bcd 

+5 


200K RAD 
LIMITS 


(NOTES 1, 2) 
CONDITIONS 


TEMP- 
ERATURE 


VCC =5.5V, VIN=VCC or GND | +25°C_| 
VCC =4.5V, VIN=VCCorGND, | +25°C 
VOUT = 0.4V | 
VCC =4.5V, VIN=VCC orGND, | +25°C | 
VOUT = VCC -0.4V : 


UNITS 


VOL |VCC=4.5Vor5.5V, VIH=VCC/ | +25°C Vv 
2, VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 
VOH | VCC=4.5Vor5.5V, VIH=VCC/ | 425°C vcC 
2, VIL = 0.8V at 200K RAD, 0.1 


VIL = 0.3V at 1M RAD, | 
IOH = -50pA 


} IN | VCC = 5.5V, VIN = VCC or GND 


Rak Applied Voltage = OV or VCC 


Ca 
lca 


“ a 
tee 


bes 
Sl 


0.75 | 
+5 f 
+50 
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Specifications HCTS540MS 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


; | 200K RAD 1M RAD 
ee. LIMITS LIMITS 
SYMBOL 
VIL = 0.8V at 200K RAD, 


gravure | MN [ WAX | MIN | MAK 
+25°C _ 
VIL = 0.3V at: 1M RAD (Note 3) 
Hl al lad 
TPHL . 
, 2 { 3 | 2 | 4 


(NOTES 1, 2) 
- CONDITIONS 


VCC = 4.5V, VIH = 2.25V, 


‘PARAMETERS | 


Noise Immunity 
Functional Test 


Enable to Output TPZL | VCC=45V0 
Disable to Output TPLZ, VCC = 4.5V +25°C 
| TPHZ 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


PARAMETER . SUBGROUP _ | DELTA LIMIT 
a 
7 
fozsozn dP 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS _ METHOD ' GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Preburn-In) 


CONFORMANCE 
GROUPS 


Group E Subgroup 2 a ae Table 4 (Note 1) 


NOTE: . . 
1. Except FN test which will be performed 100% Go/No-Go. 
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‘TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


i ee A A EN NLT MN 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ie a A (Re ein Ea ee ee ee ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


ae ee #2 __] ns | ee 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Vane AC Load Circuit oO 
VIH 1) 
DUT TEST. Oo 
POINT ae 
VIL 
TPLH | 
| TPHL 
VOH 
OUTPUT . 
VOL CL = 50pF 
RL = 5002 


VOH ----------------=---- | | pummny| | | ------ 
80% 80% 


VOL OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
VCC 


Ss 
CS 


(3) 
zZ 
O 
a) 
< 
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icici ad 
Tri-State Low Timing Diagrams) . | Tri-State Low Load Circuit 


VIH = 


vcc 


i= 


DUT 
OUTPUT 


CL = 50pF . 
RL = 5002 


Tri-State High Load Circuit 


TEST 
POINT 


VIH DUT 


VIL . cL 


CL =50pF 


OUTPU 
Leas " RL=500Q_ po 


TRI-STATE HIGH VOLTAGE LEVELS 


PARAMETER HCTS UNITS 
voc 4.50 


a 
CL 
a 
a 
a 
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HCTS540MS 


Die Characteristics 


DIE DIMENSIONS: 
101 x 85mils 


‘METALLIZATION: | 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO» 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100um 
4 mils x 4 mils 
Metallization Mask Layout 
HCTS540MS 
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HARRIS 


SEMICONDUCTOR 


it 


December 1992 


Features 


¢ 3 Micron Radiation Hardened CMOS SOS 

e Total Dose 200K or 1 Mega-RAD(Si) 

¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
¢ Latch-Up Free Under Any Conditions 


Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 


Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
e DC Operating Voltage Range: 4.5V to 5.5V 


e¢ LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


e Input Current Levels li < 5.A at VOL, VOH 


Description 


The Harris HCTS541MS is a Radiation Hardened non- 
inverting octal buffer/line driver, tri-state outputs. The output 
enable pins (OEN1 and OEN2) control the tri-state outputs. 
If either enable is high the outputs will be in the high 
impedance state. For data output both enables (OEN1 and 
OEN2) must be low. 


The HCTS541MS utilizes advanced CMOS/SOS technology - 


to achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS54 is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line 
Package (D suffix). 


Truth Table 


H = High Voltage Level 
L = Low Voltage Level 
X = Immaterial 

Z = High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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_ Radiation Hardened Non-Inverting 
Octal Buffer/Line Driver, Tri-State 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20, LEAD FINISH C 
TOP VIEW- 


-20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20, LEAD FINISH C 


TOP VIEW 

OE1 1° vcc 
AO 2 OE2 
Al 3 Yo 
A2 | 4 Y1 
A3 5 y2 
A4 6 Y3 
AS 7 v4 
A6 8 Y5 
AT 9 Y6 

GND 10 Y7 


File Number 3073 


HCTS541MS 


Functional Block Diagram 
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Specifications HCTS541MS 


Absolute Maximum Ratings Reliability Information. . . 7 7 
Supply Voltage (VCC). 0.0... cee eee ce eee eee -0.5to+7.0V Thermallmpedance ................ Gia Bic 
Input Voltage Range, Allinputs ............. -0.5V to VCC +0.5V Weld Seal DIC.................-. -75°CWW 16°C/W 
DC Input Current, Any One Input................00 eee eeee +10mA Weld Seal Flat Pack..............-. 64°C/W 12°C/W 
DC Drain Current, Any One Output.......................£25mA — Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Tg = 605°C 0 4100°C 9.2 cb eas ceeade ni ieouoien ss 1W 
Storage Temperature Range (TSTG).........:.-65°C to+150°C - For Ty=+100°C to+125°C........ Derate Linearly at 18mW/°C 
Lead Temperature (Soldering 10sec)............00006- +265°C . ; 

Junction Temperature (TJ) ............ era weer tlle Ge 

ESD Classification i024 :3.t4 vente s eae wos oie yam ee's Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions ; 

Supply Voltage (VCC). ....... cee eee cee eee eee +4.5V to +5.5V Input Low Voltage (VIL).......... ccc cece cece eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C ~—s Input High Voltage (VIH)............ cece ee eees VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max 


TABLE 1. DC_-ELECTRICAL PERFORMANCE CHARACTERISTICS 


. GROUP LIMITS 
oo cee (NOTE 1) -ASUB- |. 
PARAMETERS | SYMBOL CONDITIONS GROUPS | | TEMPERATURE UNITS 


+25°C 
+125°C, -55°C 


. 44125°C, -55°C 


7.50 


Quiescent Current. ICC VCC = 5.5V, 

..- | VIN= VCC or GND 
Output Current IOL VCC = 4.5V, VIH = 4.5V, 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current IOH VCC = 4.5V, VIH = 4.5V, 7.2 
(Source) VOUT = VCC - 0.4V, 

VIL = 0V 
Output Voltage Low VOL VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C 


IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = S0pA, VIL = 0.8V 


VOH VCC = 4.5V, VIH = 2.25V, 


+25°C, +125°C, -55°C 
425°C, +125°C, -55°C VCC 
1,2,3 - 425°C, +125°C, -55°C VCC 
IOH = -50pA, VIL = 0.8V | -0.1 


VCC=5.5V,VIN=VCCor | 1 | 425°C 
ea 
10Z Applied Voltage = OV or eee 
[jee eee 
FN VCC = 4.5V, VIH =2.25V, | 7,8A, 8B 

| VIL = 0.8V (Note 2) 


1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Output Voltage High 


bee 
| 23 
eee 
| 23 
ae 
Paseo 


IOH = -50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, 


+5.0 
+ 


+5 


© 


D 
So 
= © 


PRP PL Ed <td eeePE 
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Specifications HCTS541MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP ~ LIMITS 
(NOTES 1, 2) AsuB- |- 
PARAMETER | SYMBOL CONDITIONS GROUPS | TEMPERATURE Sin | max | UNITS 


Data to Output _TPHL, vcc = 4.5V 
ive VCC = 4.5V +125°C, -55°C 


. aa | 2 | 20 | ns | 

, 10,44 | | 2 | 22 | ons | 

Enable to Output TPZL. | voc =4.5V i eee ee ee oe 
tr eee 

TeZH | VoC=4.5V a ee ee ce 
ei a eee 

3 2 | 2 | ns | 

| 2 | 23 | ns | 

| 2 | at | ons | 

| 10,11 | 2 | 2 | ons | 


Disable to Output 


| 40,41 +125°C, -55°C 
TPHZ | VCC=4.5V | 9 | 
NOTES: 


1. All voltages referenced to device GND. 


+125°C, -55°C 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL TEMPERATURE 


Dissipation +125°C 
C 


D 
+125°C 
Output Transition TTHL, | VCC =4.5V 
ieee pea +125°C, -55°C 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 200K RAD 1M RAD 
TEMP- LIMITS LIMITS : 
PARAMETERS | SYMBOL 


Quiescent Current VCC = 5.5V, VIN = VCC or GND Pe 

Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, -+25°C mA 
VOUT = 0.4V 

Output Current VCC = 4.5V, VIN = VCC or GND, +25°C | 

(Source) VOUT = VCC -0.4V 


Output Voltage Low - VCC = 4.5V or 5.5V, VIH = VCC/2, 


(NOTES 1, 2) 
CONDITIONS 


m. 


A 
V 


VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 50pA 


‘ 
i 
ry 
i 
\ 


Z 


ofS 
ot] 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


I LIMIT: 
TEMP. TS : MITS 
SYMBOL ERATURE 
Vi 


200K 
LIM 
pomin | max | min 
VIL = 0.3V at 1M RAD, 


+25°C 
IOH = -50pA 


VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.3V at 1M RAD (Note 3) 
Data to Output _ TPHL, VCC = 4.5V +25°C 
TPLH 


(NOTES 1, 2) 
‘CONDITIONS. 


VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL =0.8Vat200K RAD, 


PARAMETERS 
Output Voltage High 


Input Leakage Current 


Noise Immunity 


Functional Test VIL = 0.8V at 200K RAD, 


2 
el se ae Be 
NOTES: 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO <s 0.5V is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


| ranaweren | sucnour | oetraunr 
PARAMETER SUBGROUP DELTA LIMIT 

feo 
C7 
froanozs ss 


TABLE 6. APPLICABLE SUBGROUPS_~_.. 


a 
ict Tost Posture) _ooweooe | ue «4 
aCe 
_ 


a 
Ye 
[seroieeons | naareneeeian | 


NOTE: 1. Alternated Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 
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TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST READ AND RECORD 
GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


ee ee ee a SA A 
NOTES: - os 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 


2. Each pin except VCC and GND will have a resistor of 680Q + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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LOGIC 


. HCTS541MS 


AC Timing Diagrams ak oe 4 AC Load Circuit 
| oF TEST 
VIH POINT 
| VIL 
VOH 
OUTPUT 
VOL 
-VOH 
80% 80% 
SOL OUTPUT 
Tri-State Low Load Circuit 
VIH | 
X= 
VIL RL 
TEST 
DUT POINT 
| CL 
CL = 50pF 
RL = 5002 
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HCTS541MS 


Tri-State High Timing Diagrams Tri-State High Load Circuit 

VIH aa CONE 
x= > 

VIL 


RL CL = 50pF 
RL = 5002 


OUTPUT 
CL 


TRI-STATE HIGH VOLTAGE LEVELS 


vcc 


© 
© 
ve) 
= 
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Die Characteristics | 


DIE DIMENSIONS: 
101 x 85 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 
GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100um x 100um 
4 mils x 4 mils 


Metallization Mask Layout 


= 
Neral ef =i 


HCTS541MS 


HCTS541MS 
; $s 
B FS tb 
~ °o Oo 
cS x = 


ifi 
4 
i 


; Ii ie (18) YO 
(17) Y1 


(16) Y2 


(15) Y3 


GND (10) 
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Gt FARRIS 


SEMICONDUCTOR 


HCS573MS 


Radiation Hardened 


Speesnbarage Octal Transparent Latch, Tri-State 
Features Pinouts 
oS Micron Racalion | adened 202 CMe MiL-67D-iess DESIGNATOR, CDIP2-T20, LEAD FINIGH 
¢ Total Dose 200K or 1 Mega-RAD(Si) ; TOP VIEW “ons | 


¢ Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 
* Cosmic Ray Upset Immunity 2 x 10° Error/Bit Day (Typ) 
e Latch-Up Free Under Any Conditions 
e Fanout (Over Temperature Range) 
- Bus Driver Outputs - 15 LSTTL Loads 
e Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTLICs 
¢ DC Operating Voltage Range: 4.5V to 5.5V 
Input Logic Levels 


- VIL =0.3 VCC Max 
- VIH = 0.7 VCC Min 


‘¢ Input Current Levels li < 5A at VOL, VOH 


Description 


The Harris HCS573MS is a Radiation Hardened octal transpar- 20 PIN CERAMIC FLAT PACK 

ent tri-state latch with an active low output enable. The | ag s7p-1895 DESIGN ATOR, CDFP4-F20, LEAD FINISH C 
HCS573MS utilizes advanced CMOS/SOS technology. The TOP VIEW 

outputs are transparent to the inputs when the Latch Enable (LE) 
is HIGH. When .the Latch Enable (LE) goes LOW, the data is 
latched. The Output Enable (OE) controls the tri-state outputs. 
When the Output Enable (OE) is HIGH, the outputs are in the 
high impedance state. The latch operation is independent of the 
state of the Output Enable. 


The HCS573MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 

The HCS573MS is supplied in a 20 lead Weld Seal Ceramic 


flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


LOGIC 


oaQanowt © DD + 


=~ 
oO 


Truth Table 


OUTPUT LATCH Pp 
ENABLE ENABLE DATA OUTPUT 
Qn 
N 
H = High Level X = Immaterial - 
L = Low Level Z = High Impedance 
| = Low voltage level prior to the high-to-low latch enable 
transition N 
h = High voltage level prior to the high-to-low latch enable | $ 
transition LE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 21 35.1 
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Absolute Maximum Ratings __ 


Supply Voltage (VCC). 2.2... cc cece ee eee eee -0.5V to +7.0V 
- Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input............... 0. cece eee +10mA 
DC Drain Current, Any One Output............. cc cee ee eee +25mA 
(All Voltage Reference to the VSS Terminal) 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec)............ Pere +265°C 
Junction Temperature (TU) .... 2. cece cece ee ee eee eee +175°C 
ESD Classification .............0008- lcisatedee aupoueustednate Class 1 


Reliability Information 


Thermal Impedance ................ Bia 6, 
Weld Seal DIC... 2... 0. cee ween 75°CWW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) a 
For Ta = 55°C to +100°C 0. eee idceccesewewtstecees 1W | 


For Ty = +100°C to +125°C........ Derate Linearly at 18mW/°C 


CAUTION: As with all semiconductors, strass listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions:for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 


Supply Voltage (VCC)... .... cee eee eee eee +4.5V to +5.5V 
Input Rise and Fall Times at VCC = 4.5V (TR, TF) ..... 500ns Max 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)..........seeeeeee. 0:0V to 30% of VCC - 
Input High Voltage (VIH)..............000- 70% of VCC to VCC 


TABLE 1. DC. ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 
CONDITIONS 


PARAMETERS SYMBOL 


VCC = 4.5V, VIH = 4.5V, 
VOUT = 0.4V, VIL = OV 


Output Current O 
(Sink) 
Output Current 


ae 
L 
| VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC -0.4V, 
VOL 
VOH 
Z 


VIL = 0V 
Output Voltage Low 


VCC = 4.5V, VIH = 3.15V, 
IOL = 50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOL = SOpA, VIL = 1.65V 


VCC = 4.5V, VIH = 3.15V, 
IOH = -50pA, VIL = 1.35V 


VCC = 5.5V, VIH = 3.85V, 
IOH = -50A, VIL = 1.65V 


VCC = 5.5V, VIN = VCC or 
GND 


VCC = 4.5V and 5.5V, 
VO = VCC or GND 


Output Voltage High 


Input Leakage 
Current 


NOTES: | 


1. All voltages reference to device GND. 


| 
O 
oO 
Output Leakage {e) 


Current 


Noise Immunity 
Functional Test 


VCC = 4.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) (Note 2) 


GROUP 
A SUB- 
GROUPS 


en LAS [Weetiwe aa 
Eee 
23 
ee. 
Ee 
eae 
| 28 


a 
1,2,3 
7, 8A, 8B. 


LIMITS 


TEMPERATURE 


2 


2 
+125°C, -55°C 


7. 


+125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C VCC 


VCC 
-0.1 


425°C, +125°C, -55°C 
+125°C, -55°C 


+25°C 
 . +125°C, -55°C 
425°C, +125°C, -55°C 


& 
2 
anh 


2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | (NOTES 1, 2) A SUB- 
PARAMETER | SYMBOL CONDITIONS GROUPS TEMPERATURE 

DatatoQn . TPLH | VCC =4.5V 
LE to Qn TPLH | VCC =4.5V 
TPHL | VCC =4.5V 
Enable to Output TPZL | vCC=4.5V 
bal ual: 

TPZH | VCC=4.5V | 
eel ieee 


2 


max | 
Eee 
= 
Mem 
<a 
oT 


7 
3 

40 
27 


Disable to Output TPLZ | VCC=4.5V 
10, 11 +125°C, -55°C 
10, 14 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = VCC. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Capacitance Power | CPD | vCC=50V,t-IMHz | 1 | +250 
Uiespallon | 125°C 
Input Capacitance CIN VCC = Open, f = 1MHz 

| ; : +125°C 
Output Transition TTHL VCC = 4.5V +2 
Time TTLH 
SU = 2 
TH 


Ee | 
bee 
eC | 
. reel ee 
oz : 
Setup Time Data to T. VCC = 4.5V 
pe epee 
=e ; 
: 
ae 


LIMITS 


UNITS 
pF 


Typical 20 
Typical 40 


LOGIC 


+125°C, -55°C 
Hold Time Data to VCC = 4.5V 
+125°C, -55°C 12 
Pulse Width LE VCC = 4.5V a 


NOTES: 


+125°C, -55°C 24 
1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


[— f~ 
i 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


7 200K RAD 1M RAD 
. — (NOTES 1, 2) | remp> 2 MS sf ETS 
- PARAMETERS | SYMBOL | = CONDITIONS. —_—_—sxy|_ ERATURE 


Quiescent Current | ICC | VCC=5.5V, VIN = VCC or GND 


| VCC = 4.5V, VIN = VCC. or GND, +25°C | 6.0 ~ 
VOUT = 0.4V a 
Output Current. 
(Source) 
- 0.1 


VCC = 4.5V, VIN = VCC or GND, 
Output Voltage Low 


VOUT = VCC -0.4V 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 


VIL = 0.12(VCC) at 1M RAD, 
TOL = 50pA’ 7 | 


VCC = 4.5V or 5.5V, 
VIH = 0.70(VCC), | 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD, 
IOH = -50nA : 


ICC 
OL 
VOL ” 
VOH 
lOZ 
FN 


Output Voltage High 


on 


VCC = 5.5V, VIN = VCC or GND 
Applied Voltage = OV or VCC, 
VCC = 4.5V and 5.5V 


VCC = 4.5V, VIH = 0.70(VCC), 
VIL = 0.30(VCC) at 200K RAD, 
VIL = 0.12(VCC) at 1M RAD 
(Note 3) 


Data to Qn TPHL VCC = 4.5V a 
; TPLH 


LENtoQn © TPLH 


Enable to Output 
Disable to Output 


NOTES: nef 

_ 1. All voltages referenced to device GND. - 
2. AC measurements assume RL = 5009, CL = 50pF, input TR = TF = 3ns, VIL = GND, VIH = VCC. 

. 3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


Input Leakage Current 


Tri-State Output 
Leakage Current 


Noise immunity 
Functional Test 


3 


elefeleele/ e] | 3 
eeEEEe] +p 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


__vanaweren | suonour |___oetraumr 
PARAMETER . SUBGROUP DELTA LIMIT 

ee 
a 
a 
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TABLE 6. APPLICABLE SUBGROUPS 


a 
a 
a OO 
[eomamew __———*dtCSempsoos | aren eron | 
Pe 
a 


NOTE: 


TABLE 7. TOTAL DOSE IRRADIATION 


1. Alternate Group A testing in accordance with method 5005 of MIL-STD-883 may be exercised. 
| Te | READANDRECORD 
GROUPS METHOD | PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


[ee [en [+i rd 
[ee To [| vane [+i 
[dT ee dd 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 


2. Each pin except VCC and GND will have a resistor of 680kQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


PC 
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LOGIC 


HCS573MS | 


AC Timing Diagrams and Load Circuit 


INPUT 


TSU(L) 


QN 
QN vs vs 
LATCH ENABLE PROPAGATION DELAYS LATCH ENABLE PREREQUISITE TIMES 
AC VOLTAGE LEVELS 
PARAMETER oon! os 
TTLH TTHL 


80% 80% 


OUTPUT 


DATA SET-UP AND HOLD TIMES 


DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 50022 = 
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HCS573MS 


Tri-State Low Timing Diagram and Load Circuit 


vcc 
VIH 
VIL 
TEST 
PUT POINT 
Voz CL 
OUTPUT CL = 50pF al 
VOR eters sees te eae | Newel (Sees RL = 5000 ey 


DUT TEST Od 
VIH POINT O 
O 
VIL = 
voz 
OUTPUT saaiabien ae 
RL = 5002 


TRI-STATE HIGH VOLTAGE LEVELS 
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Die Characteristics 


DIE DIMENSIONS: 
101 x 85 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: . 
Type: SiO, 
Thickness: 13kA +2. 6kA - 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100pm x 100unm 
4x4mils 
Metallization Mask Layout 


HCS573MS 


DO OE vec Qo 
= alae — eee 9) 


(18) Q1 


pape LN ip, 


= q 
ts (mn 


(17) Q2 


(16) Q3 


H ‘ 
| 
| 
Z 


(15) Q4 


(14) Q5 
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FARRIS 


SEMICONDUCTOR 


tt 


December 1992 


Features 


e¢ 3 Micron Radiation Hardened CMOS SOS 

Total Dose 200K or 1 Mega-RAD(Si) 

Dose Rate Upset >10'° RAD(SI)/s 20ns Pulse 
Cosmic Ray Upset Immunity 2 x 10°? Error/Bit-Day 
Latch-Up Free Under Any Conditions — 

Fanout (Over Temperature Range): 

- Bus Driver O11utputs - 15 LSTTL Loads 
Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs 
DC Operating Voltage Range: 4.5V to 5.5V. 

LSTTL Input Compatibility 


- VIL=0.8V Max 
- VIH = VCC/2 Min 


Input Current Levels li < 5A at VOL, VOH © 


Description 


The Harris HCTS574MS is a Radiation Hardened non-inverting 
octal D-type, positive edge triggered flip-flop with tri-stateable 
outputs. The HCTS574MS utilizes advanced CMOS/SOS tech- 
nology. The eight flip-flops enter data into their registers on the 
LOW-to-HIGH transition of the clock (CP). Data is also trans- 
ferred to the outputs during this transition. The output enable 
(OE) controls the tri-state outputs and is independent of the reg- 
ister operation. When the output enable is high, the outputs are in 
the high impedance state. 


The HCTS574MS utilizes advanced CMOS/SOS technology to 
achieve high-speed operation. This device is a member of 
radiation hardened, high-speed, CMOS/SOS Logic Family. 


The HCTS574MS is supplied in a 20 lead Weld Seal Ceramic 
flatpack (K suffix) or a Weld Seal Ceramic Dual-In-Line Package 
(D suffix). 


HCTS574MS 


Radiation Hardened Octal D-Type 


Flip-Flop, Tri-State, Positive Edge Triggered 


Pinouts 


20 PIN CERAMIC DUAL-IN-LINE 
MIL-STD-1835 DESIGNATOR CDIP2-T20 
TOP VIEW 


20 PIN CERAMIC FLAT PACK 
MIL-STD-1835 DESIGNATOR CDFP4-F20 
TOP VIEW 


2 
a, 
ro) 
ol 


oon onw ee © ND — 


-_ 
oO 


Truth Table 


= High Level 
Low Level 
= Immatoria! 


High Impedance 


_/ =Transition from Low to High 

Level 

QO = the level of Q before the indi- 
cated input conditions were 
established 


Functional Diagram 


10F 8 FF 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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Specifications HCTS574MS 


Absolute Maximum Ratings 


Supply Voltage (VCC). ....... cece ee cece ee eee -0.5V to +7.0V 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V 
DC Input Current, Any One Input................ 0. cee e eee +10mA 
DC Drain Current, Any One Output. .........0...... veces e t25MA 
(All Voltage Reference to the VSS Terminal) . . 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (Soldering 10sec).............04: .. +265°C 
Junction Temperature (TU) ....... cece cece cece cece +175°C 
ESD Classification ....... i aah eateries die ane Wire eve aatan es Class 1 


Reliability Information 


Thermal Impedance ................ Bia 0, 
Weld Seal DIC............ 0 eens 75°CWW 16°C/W 
Weld Seal Flat Pack............... 64°C/W 12°C/W 
Power Dissipation per Package (PD) 
For Ty = -55°C to 4100°C 2... ceca cencrcevcestesccewens 1W 
For T, = +100°C to +125°C........ Derate Linearly at 13mWPC 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended tor satisfactory device operation. 


Operating Conditions 


Supply Voltage (VCC)... ..... ccc cee ee wrens +4.5V to +5.5V 
Rise and Fall Times at 4.5V VCC(TR, TF)........... 500ns Max. 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


Input Low Voltage (VIL)... ... ccc cece cece e eee ees 0.0V to 0.8V 
Input High Voltage (VIH).. 6... cee cece ee eens VCC/2 to VCC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 1) 


PARAMETERS | SYMBOL | CONDITIONS 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 
Output Current VCC = 4.5V, VIH = 4.5V, 
(Sink) 


VOUT = 0.4V, VIL = OV 
Output Current JOH 


(Source) | 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC -0.4V, 
VIL = OV 


VCC = 4.5V, VIH = 2.25V, 
1OL = 50qA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = 50pA, VIL = 0.8V 


VCC = 5.5V, VIN = VOY or 
GND 

Applied Voltage = 0V or 
VCC 


VCC = 4.5V, VIH = 2.25V, 
VIL = 0.8V (Note 2) 


Output Voltage Low 


Output Voltage High 


Input Leakage 
Current 


Tri-State Output 
Leakage Current 


Noise Immunity 
Functional Test 


NOTE: 
1. All voltages reference to device GND. 


~ GROUP 
A SUB- 
GROUPS 


ee 
i 
Pa 
ae 
mae 
Cee 
sa 
Ee 
as 
Sat 
i 


| LIMITS | 


TEMPERATURE _ 
a CR 


+125°C, -55°C 


+125°C, “55°C 


+25°C, +125°C, -55°C 


+125°C, -55°C 
+25°C 
+125°C, -55°C 


BCoScRERRCUOIG: 


2. For functional tests VO 2 4.0V is ee as a logic “1”, and VO < 0.5V is recognized as a ig “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) | 
PARAMETER SYMBOL CONDITIONS TEMPERATURE 
Clock to Q TPLH, | VCC =4.5V 
TPHL 


mn | 

| | 9 | 2 

| 10,11 | +125%C,-55°C | 2 

Enable to Ouptput TPzL. | VCC =4.5V | 9 | ec =f 2 
i oni. =. eax 

=4 ae el 

iste 

=4. az 

Ean 


TPZH | VCC =4.5V 
rer 
Disable to Output TPLz, | VCC=4.5V a eee 
pore Le [he 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
NOTES TEMPERATURE 


: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


Output Transition 
Time 


Max Operating 
Frequency 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) Temp. |___LMITS see hae 
PARAMETERS | SYMBOL | UNITS 


ARA CONDITIONS ERATURE | | MAX | 
Quiescent Current VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C | 
(Source) VOUT = VCC -0.4V | 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


1M RAD 
: (NOTES 1,2) - | LIMITS 
PARAMETERS | SYMBOL CONDITIONS 


VCC = 4.5V or 5.5V, VIH = VvCC/2, 
VIL = 0.8V at 200K RAD, 

VIL = 0.3V at 1M RAD, 

JOL = 50nA 


Output Voltage High VOH | VCC = 4.5V or 5.5V, VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 


Output Voltage Low 


IOH = -50pA 


Input Leakage Current 


Tri-State Output 
Leakage Current 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 
Functional Test VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Clock to Q TPLH VCC = 4.5V . +25°C 
TPHL - 


Enable to Output 


Disable to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
_ 3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V Is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B SUB- 
PARAMETER GROUP — DELTA LIMIT 
a (HA 


IOLAOH fee ee Oh oc -15% of 0 Hour 
jOzUIOzH es ee 


TABLE 6. APPLICABLE SUBGROUPS 


[pon SSSSCSCS~*dCT soc |e | 
[pon SCSCSCS~*sSC soe | Dates P 
[FaTet———SSSCSC~S~S~S torso | eR PT 
[Groupee _———~+dCCSampiasons | a2 a,7eneain | 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 


NOTE: 
1. Alternate Group A testing in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE ee TEST READ AND RECORD 


GROUPS PRE RAD POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN test which will be performed 100% Go/No-Go. 


TABLE 8. STATIC BURN-IN AND DYNAMIC BURN-IN TEST CONNECTIONS 


| OSCHLLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


Pac a 22 | (I a a a 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


RESIS RS re Ee RO (Oe 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 6802 + 5% for dynamic burn-in. 


LOGIC 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation 
testing. Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams 


VS 


TH(L) TH(H) 


TSU(H) 


TSU(L) 


CLOCK TO OUTPUT DELAYS AND CLOCK PULSE WIDTH DATA SET-UP AND HOLD TIMES 


AC VOLTAGE LEVELS 


80% 80% 


OUTPUT 


VOL 
OUTPUT TRANSITION TIME 
AC Load Circuit 
DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL =500Q — 
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Tri-State Low Timing Diagrams Tri-State Low Load Circuit 
VIH 
VIL 
RL 
TEST 
ont POINT 
in 
CL = 50pF = 
RL = 500Q 
Tri-State High Load Circuit 
DUT TEST 
VIH , POINT 
VIL . CL RL. 


TPHZ 


CL = 50pF 
RL = 500Q 


OUTPUT 


w~2mxaeaerer weer wne 
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Die Characteristics — 


DIE DIMENSIONS: 
101 x 85 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO, | 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
‘Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cem? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


HCTS574MS 
DO OE vcc ao 
(2) (1) (20) (19) 


SPEER, SECPEPERE EEE CERES 
iz 


AS | 7 
am ae 
rh EF 


CU = (18) Qt 
. (17) Q2 
(16) Q3 


(15) Q4 


(14) Q5 


my TPS 


D7 GND CP Q7 
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BHARRIs  HCTS646MS 


Radiation Hardened 


December 1992 Octal Bus Transceiver/Register, Tri-State 
Features | Pinouts 
e 3 Micron Radiation Hardened CMOS SOS 24 PIN CERAMIC DUAL-IN-LINE 
© Total Dose 200K or 1M eg a-R AD(SI) MIL-STD-1835 cae aU laa la LEAD FINISH C 


Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 
Cosmic Ray Upset Rate 2 x 10°? Errors/Bit Day 
Latch-Up Free Under Any Conditions 

Fanout (Over Temperature Range) 

- Bus Driver Outputs - 15 LSTTL Loads 
Military Temperature Range: -55°C to +125°C 


Significant Power Reduction Compared to 
LSTTL ICs 


DC Operating Voltage Range: 4.5V to 5.5V 


LSTTL Input Compatibility 
- VIL =0.8V Max — 
- VIH = VCC/2 


Input Current Levels li < 5.A at VOL, VOH 


24 PIN CERAMIC FLAT PACK 
ae MIL-STD-1835 DESIGNATOR CDFP4-F24, LEAD FINISH C 

Description TOP VIEW 
The Harris HCTS646MS is a Radiation Hardened Tri- CAB Coos i ——————4 vCc 
state Octal Bus Tranceiver/Register with Non-Inverting SAB a 2 ————_ 7 ‘CBA 
outputs. This device is a bus transceiver with D-type DR ——————T 3 SBA 
flip-flops which act as internal storage registers. Data A ——————— 4 —————l OF 
on the A bus or the B bus can be clocked into the reg- A ————— § ——_——— Bo 
isters on a High-to-Low transition of either CAB ro A2 ——— & ———$—————J BY 
CBA clock inputs. Output enable (OE) and Direction Siena cememeserae! (ek oe 
(DIR) inputs control the transceiver functions. Data | ~ Aas ste 

aie chee . Ss ——————————J 84 
present at the high impedance output can be stored in a —— ee 
either register or both but only one of the two buses PO eee eee oP 
can be enabled as outputs at any one time. The select eo py 


controls (SAB and SBA) can multiplex stored and 
transparent (real time) data. The direction control 
determines which data bus will receive data when the 
OE pin is LOW. In the high impedance mode (OE 
high), A data can be stored in one register and B data 
in the other register. Data at the A or B terminals can 
be clocked into the storage flip-flops at any time. 


The HCTS646MS utilizes advanced CMOS/SOS tech- 
nology to achieve high-speed operation. This device is 
a member of radiation hardened, high-speed, CMOS/ 
SOS Logic Family. 


The HCTS646MS is supplied in a 24 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic 
Dual-In-Line Package (D suffix). 


bcesiesssese scenes ntaieweentpacd mrteaunicahcamensia casi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3074 
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_Functional Diagram 


TO CHANNELS 
1 THROUGH 7 


: | CHANNEL _—~PINS 
3 | PAD | 0 . 4-20 
| 1 5-19 


=i, 
xX) 
g 
wv 
NO C1 GID 
50 
ak ok 
EU 


DATA V/O* | 
A0 THRU A7 BO THRU B7 | OPERATION OR FUNCTION 
Input Not Not Specified Store A, B Unspecified ae 
Specified Input — | | | 


I 
X X X ff X X Input Not Store B, A Unspecified 
Specified 
Store A and B Data 
Isolation, Hold Storage 


| Input | Real-Time B Data to A Bus 
| Input Stored B Data to A Bus 
| _Output_| Real-Time A 


Real-Time A Data to B Bus 


Stored A Data to B Bus 
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Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... 2.0... ee eee ee ee eee -0.5V to+7.0V Thermal impedance ................ Oia 0. 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ....... 2c eee eee 75°CWW 16°C/W 
DC Input Current, Any One Input................ 0. cece eee +10mA Weld Seal Flat Pack............... B4°CIWs«12°C/W 
DC Drain Current, Any One Output............... cee eee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Te ==58°C to4+100°C ccs cea can naked ney sew aes ee 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)...........200000. +265°C 

Junction Temperature (TU)... 2... eee ce ec eee eee +175°C 

ESD. Classification: 260.26 50.44 v9.0 94.5 4a, Sele wees Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


SUDDIY Vollage@ avs si wes ose sia aie aad +4.5V to +5.5V = Input Low Voltage (VIL)... 2... 0... 2 ccc ec ee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH)................-0 eens VCC/2 to VCC 
Operating Temperature Range (Ta) ............ -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP } LIMITS 
(NOTE 1) A SUB- 
PARAMETERS | SYMBOL CONDITIONS GROUPS 
Quiescent Current VCC = 5.5V, 1 +25°C 
VIN = 
se a 2,3 +125°C, -55°C 


Output Current VCC = 4.5V, VIH = 4.5V, 1 425°C 
(Sink) VOUT = 0.4V, VIL = OV 


Output Current VCC = 4.5V, VIH = 4.5V, 
(Source) VOUT = VCC - 0.4V, 
VIL = OV 


Output Voltage Low VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


Output Voltage High VCC = 4.5V, VIH = 2.25V, 
IOH = -50pA, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50p/A, VIL = 0.8V 


Input Leakage 


Current 
+125°C, -55°C 


Tri-State Output +25°C 


Leakage Current 
aad +125°C, -55°C 


Noise Immunity 
Functional Test 


NOTES: 
1. All voltages referenced to device GND. 
2. For functional tests, VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


PC 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | —_— CONDITIONS TEMPERATURE 
A Data to B Bus TPLH, | VCC=4.5V ~ fe ee +25°C 
B Data to A Bus TPLH, | VCC =4.5V Ee +25°C 
ADatatoBBus | TPLH, | VCC=4.5V | 9 +25°C 
B Data to A Bus TPLH, | VCC =4.5V 425°C 


LIMITS 


Nn nD 
BINT S 


> 


+125°C, -55°C 


Enable to Output TPLZ, VCC = 4.5V +25°C 
TPHZ | 
10, 11 +125°C, -55°C 
DIR to Output TPzL, | vCcC=4.5V Ee] 425°C 
PZH : 
in 10,14 +125°C, -55°C 
Enable to Output TPzL, | vcc=4.5V eae 425°C 
TPZH 
| 10, 11 +125°C, -55°C 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


10,11 
= Eee 
10,11 
Select to Data TPLH, | VCC =4.5V ae ee 425°C - 
‘as ) 
= | 9 | 


i<) 
aS 


w NO N QQ 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
Capacitance Power CPD VCC = 5.0V, f = 1MHz 
Dissipation 
Input Capacitance VCC = Open, f = 1MHz 
Output Transition TTHL, VCC = 4.5V 
Time TTLH | . 

U 
H 


LIMITS 
TEMPERATURE | MIN | MAX | UNITS 


+25°C Typical 36 


+125°C 
+25°C 
+125°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


Max Operating ~ FMAX VCC = 4.5V 

Frequency . 

Setup Time Data to TS VCC = 4.5V 1 
Clock 

Hold Time Data to T VCC = 4.5V 

Clock 

Pulse Width Clocks VCC = 4.5V 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) TEMP: 
PARAMETERS SYMBOL CONDITIONS ERATURE 


Quiescent Current a VCC = 5.5V, VIN = VCC or GND 


Output Current (Sink) VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = 0.4V 


Output Current VCC = 4.5V, VIN = VCC or GND, +25°C 
VOUT = VCC -0.4V 


(Source) 
VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, IOL = S0pA . 
2 


Output Voltage Low ha 
VCC = 4.5V or 5.5V, VIH = VCC/2, +25°C vcc 
VIL = 0.8V at 200K RAD, : 
VIL =0.3V at 1M RAD, IOH =-50pA 


Output Voltage High 

VCC = 5.5V, VIN = VCC or GND 
VCC = 4.5V, VIH = 2.25V, +25°C 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD (Note 3) 


Input Leakage Cur- 
rent 


Noise Immunity 
Functional Test 


~  1cc 

IOL 

VOL 

VOH 
TPLH, | VCC =4.5V | +25°C 
TPHL : 
TPLH, | VCC=4.5V +25°C 
TPHL 
TPLH, | VCC =4.5V +25°C 
TPHL 


Select to Data TPLH VCC = 4.5V +25°C 
TPHL . 

DIR to Output TPLZ, - | VCC =4.5V +25°C 
TPHZ 


LOGIC 


Enable to Output TPLZ, VCC = 4.5V +25°C 
TPHZ 
TPZL, VCC = 4.5V +25°C 
TPZH 

Enable to Output TPZL, VCC = 4.5V +25°C 
TPZH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 


36 


A Data to B Bus TPLH, VCC = 4.5V +25°C 
(Store) TPHL 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
(OLIOH Ts | 48% of 0 Hour 
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_ TABLE 6. APPLICABLE SUBGROUPS 


anaes 


Grom Anon 
[Sibaowes | senpwsos [wre | 
a 


NOTE: 1. Alternate Group A inspection in accordance with Method 5005 of Mil-Std-883 may be exercised. 
CONFORMANCE TEST READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD 


NOTE: Except FN test which will be performed 100% Go/No-Go. 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 
1/2VCC =3V+0.5V | VCC=6V+0.5V | 50kKHz = | 25kHz 


STATIC | BURN-IN (Note 1) 


a es Eee eee 


STATIC I] BURN-IN (Note 1) | | 


IEE a A: See |e, ee ee 


DYNAMIC BURN-IN (Note 2) . 


NOTES: | 
1. Each pin except VCC and GND will have a resistor of 680Q + 5% for static burn-in 


2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams and Load Circuit 


VIH 


VIL 


VOM io ects eee ed Blp ccetetiemecemeny. | Seaeoe aoe oo 


OUTPUT 
VOL 


VOH --------------------- | |p! | ---------. 
80% 80% 


VOL OUTPUT 
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DUT TEST 
POINT 
CL RL 
CL = 50pF 
RL = 5002 = 
AC VOLTAGE LEVELS 


LOGIC 


HCTS646MS 


Tri-State Low Timing Diagrams and Load Circuit 


* CL = 50pF. 
RL = 5000 


TRI-STATE LOW VOLTAGE LEVELS 


PARAMETER — HCTS UNITS 


DUT TEST 
~ VIH POINT 
VIL CL RL 
TPZH 
TPHZ 
VOH 
CL = 50pF 
OUTPUT RL = 5002 = 


TRI-STATE HIGH VOLTAGE LEVELS 
PARAMETER HCTS UNITS 


VIH 
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Die Characteristics 


DIE DIMENSIONS: 
124 x 110 mils 


METALLIZATION: 
Type: SiAl 
Metal Thickness: 1 1kA + 1kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 13kA +2. 6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100nm 
4 mils x 4 mils 
Metallization Mask Layout 


HCTS646MS 


DIR” SAB CAB VCC CBA SBA OE 
re (2) as Sue foes (22) amas 


a = (? ral eee Ape or a SI = “= 

le WW | IR! hile | raat G4 = 
L wi Sires | = is Ney ie E iS (20) BO 
—— se iSoee nae pies Ee BOE: tif Sait) Sa: p 


: Oo ia ic eee eee wa i 
; ae =o" : oy K soos a Ve 
ao t aE | 


(19) B1 


(18) B2 


| ) 


(17) B3 
(16) B4 
es mF FSS = ae =) fees ibe ee 
es eS a re a 
Po] ae PRIMATE CGN THREE 
(10) (11) (12) (13) (14) 
A6 A7 GND B7 B6 
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Brares  HCTS4002MS 


Radiation Hardened 


December 1992 Dual 4-Input NOR Gate 
Features Pinouts 
° 3 Micron Radiation Hardened CMOS SOS 14 PIN CERAMIC DUAL-IN-LINE 7 
MIL-STD-1835 DESIGNATOR CDIP2-T14, LEAD FINISH C_ 


¢ Total Dose 200K or 1 Mega-RAD(Si) © 
¢ Dose Rate Upset >10'° RAD(Si)V/s 20ns Pulse 
e Latch-Up Free Under Any Conditions 
e Military Temperature Range: -55°C to +125°C 
¢ Significant Power Reduction Compared to LSTTL ICs 
¢ DC Operating Voltage:Range: 4.5V. to.5.5V - 
e LSTTL Input Compatibility 
- VIL =0.8V Max 
- VIH = VCC/2 Min 


¢ Input Current Levels li < 5A at VOL, VOH 


TOP VIEW 


Description 

14 PIN CERAMIC FLAT PACK 
Input NOR Gate. A high on any inp forces the Sate to a - TOP VIEW 
low state. . 


- The HCTS4002MS utilizes advanced CMOS/SOS technol- 
ogy to achieve high-speed operation. This device is a 
member of radiation hardened, high-speed, CMOS/SOS 
Logic Family. 


The HCTS4002MS is supplied in a 14 lead Weld Seal 
Ceramic flatpack (K suffix) or a Weld Seal Ceramic Dual-In- 
Line Package (D suffix). 


vcc 


BERSs 


NC 


Truth Table 


NOTE: L = Logic Level Low, H = Logic level High, X = Don’t Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3075 
Copyright © Harris Corporation 1992 7-626 


Specifications HCTS4002MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC)... .... cc cece eee eee eee -0.5to+7.0V Thermal impedance ................ Gia 8 
Input Voltage Range, All Inputs ............. -0.5V to VCC +0.5V Weld Seal DIC... 0.2... .. 0. cee eee 75°CW 16°C/W 
DC Input Current, Any One Input..................e eee eee +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output........... Sis Seats +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For Th =+55°C 10 #100°C shan v roecsccmiemews eawee es 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For Ta = +100°C to +125°C........ Derate Linearly at 18mW/C 
Lead Temperature (Soldering 10sec)..............2000- +265°C 

Junction Temperature (TJ) 2.0... 0. ccc cece ee eee +175°C 

ESD Classificallon cs evssk cece dewe atin ee eeNeew et ad- Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation.. 


Operating Conditions 

Supply Voltage (VCC).............. meeainio cane +4.5V to +5.5V = Input Low Voltage (VIL)... 2.2... cee eee ee ee eee 0.0V to 0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C = Input High Voltage (VIH)............. cece cee VCC/2 to VCC 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max / 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
(NOTE 1) 


GROUP A 
SUB- 
PARAMETERS SYMBOL * CONDITIONS GROUPS TEMPERATURE Somin | Max. | UNITS 


aes | 23 | 125°C, 55°C 
+125°C, -55°C poe 
Output Current (Sink) VCC = 4.5V, VIH = 4.5V, a ee ee ee 
pacar aaa | __+126°C, 55°C 
4+125°C, -55°C 
Output Current IOH VCC = 4.5V, VIH = 4.5V, 


(Source) VOUT = VCC -0.4V, 
VIL =0V 


VCC = 4.5V, VIH = 2.25V, 
IOL = 50pA, VIL = 0.8V. 


VCC = 5.5V, VIH = 2.75V, 
IOL = 50pA, VIL = 0.8V 


VCC = 4.5V, VIH = 2.25V, 
IOH = -50p/A, VIL = 0.8V 


VCC = 5.5V, VIH = 2.75V, 
IOH = -50pA, VIL = 0.8V 


|_200 | 
ae 
| 23 | cee 
meso an 
ae We ee ee 
Bl iad Sl 
425°C, +125°C, -55°C ee 
40.5 
23 | 


2,3 
1 
425°C, +125°C, -55°C | VCC 
. -0.1 
1,2,3 +25°C, +125°C, -55°C VCC 
| -0.1 
Current GND 
Noise Immunity FN VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
VIL = 0.8V (Note 2) 


NOTE: 
1. All voltages reference to device GND. 
2. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V is recognized as a logic “0”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
GROUP A 
SUB- 


_ (NOTES 1, 2) | 
PARAMETER CONDITIONS GROUPS TEMPERATURE 


input to Output TPHL, |VCC=45V os 
ii | | 10,11 | asco | 2 | 5 
NOTES: | | 


1. All voltages referenced to device GND. 
2. AC measurements assume RL = 5009, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 8V. 


Limits =| 
TEMPERATURE 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PD 
Input Capacitance CIN VCC = Open, f = 1MHz 


| ronsianan | wem.| —céinona | omen 

Capacitance Power Cc VCC = 5.0V, f = 1MHz =a 

ae | oe ee 
ee ee 


Output Transition TTHL | VCC =4.5V | 
Time TTLH 


NOTES: | . 


1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) 


PARAMETERS SYMBOL CONDITIONS 


. 200K RAD 1M RAD 
TEMP- LIMITS LIMITS 
enavune [win] WAX | wi [ WAX | unr 
Output Current (Sink) IOL VCC = 4.5V, VIN = VCC or GND, +25°C mA 
VOUT=0.4V- ; 
Output Current VCC = 4.5V, VIN = VCC or GND, +25°C -4.0 -4.0 mA 
(Source) VOUT = VCC -0.4V . . 


Output Voltage Low VOL | VCC =4.5Vor5.5V, VIH = VCC/2, 


VIL = 0.8V at 200K RAD, 
+25°C 


VIL = 0.3V at 1M RAD, 
IOL = 50nA 


VCC = 4.5V or 5.5V, VIH =VCC/2, 
VIL = 0.8V at 200K RAD, | 
VIL = 0.3V at 1M RAD, — 

IOH = -50nA | 


Input Leakage Current PIN VCC =5.5V, VIN=VCCorGND | +25°C 


Output Voltage High VOH 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(NOTES 1, 2) 
PARAMETERS SYMBOL CONDITIONS 


Noise Immunity VCC = 4.5V, VIH = 2.25V, 


Functional Test VIL = 0.8V at 200K RAD, 


VIL = 0.3V at 1M RAD (Note 3) 


Input to Output TPHL, VCC = 4.5V 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume AL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO < 0.5V Is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 
a 
IOL/IOH | Ee for od -15% of O Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS GROUP A SUBGROUPS 
Se 


100%/5004 1, 7, 9, Deltas 
100%/5004 2, 3, 8A, 8B, 10, 11 
Sample/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11 


NOTE: 1. Alternate Group A Inspection in accordance with Method 5005 of MIL-STD-883 may be exercised. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE TEST - READ AND RECORD 
GROUPS METHOD PRE RAD POST RAD PRE RAD POST RAD | 


NOTE: 1. Except FN test which will be performed 100% Go/No-Go. 


PC 
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TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


OSCILLATOR 


STATIC BURN-IN | TEST CONNECTIONS (Note 1) 


es ee es ee Ere ee 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


ae ee ee ee eee Ee ee ee 


DYNAMIC BURN-IN TEST CONNECTIONS (Note 2) 


ae (a ree ee ee ee 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10kQ + 5% for static burn-in 
2. Each pin except VCC and GND will have a resistor of 680KQ + 5% for dynamic burn-in 


TABLE 9. IRRADIATION TEST CONNECTIONS 


1, 6, 8, 13 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 


AC Timing Diagrams | | AC Load Circuit 
lebanst | DUT TEST 
VIH POINT 
VIL CL RL 
VOH 
CL = 50pF 
RL = 500Q = 


VOL 


VOH 
80% 80% 


VOL OUTPUT 


AC VOLTAGE LEVELS 


PARAMETER HCTS UNITS 


me 
a 
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Die Characteristics 


‘ DIE DIMENSIONS: 
87 x 88 mils 
2.20mm x 2.24mm 


METALLIZATION: 

Type: SiAl 

Metal Thickness: 11kA + 1kA 
GLASSIVATION: 

Type: SiO, 

Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100m x 100m 
4 mils x 4 mils 


Metallization Mask Layout 


~ HCTS4002MS 
oO 
oO NA 
: = S 
= = 2 


ET 


i 


a_i 


MH 4] — 


aT 
ely | 


= 


ie af 


e 
e 
Se aa 
=s = =" bd 
= s ——= |: 
a) os) 
Oe Le ea 
ace scieobe 
eel etal cet weees 
(Ges= 25 Ly eT case a 
==-T > rrr 
oy 4) omy rere 
epee 
rs 


ES. ee 


(12) D2 


(11) C2 


(10) B2 


(9) A2 


HARRIS HCTS7266MS 


Radiation Hardened 
December 1992 Quad 2-Input Exclusive NOR Gate 


Features Pinouts 


¢ 3 Micron Radiation Hardened CMOS SOS 14 PIN CERAMIC DUAL-IN-LINE — 
° Total Dose 200K or 1 Mega-RAD(Si) Dg te ea ag erent ar 
¢ Dose Rate Upset >10'° RAD(Si)/s 20ns Pulse 

¢ Cosmic Ray Upset Rate 2 x 10° Errors/Bit Day 

e Latch-Up Free Under Any Conditions 

Military Temperature Range: -55°C to +125°C 
Significant Power Reduction Compared to LSTTL ICs © 
DC Operating Voltage Range: 4.5V to 5.5V 


e LSTTL Input Compatibility 
- VIL=0.8V Max 
- VIH=2.0V Min 


e Input Current Levels li < 5uA at VOL, VOH 


Description 

The Harris HCTS7266MS is a Radiation Hardened quad 2-- 14 PIN CERAMIC FLAT PACK 

Input exclusive NOR Gate. A logic level high on either one of | MIL-STD-1835 CDFP3-F14, LEAD FINISH C. 
the inputs (A or B) will force the output (y) low. A high on TOP VIEW 


both inputs, or a low on both inputs will force the output to a 
logic high. 

The HCTS7266MS utilizes advanced CMOS/SOS technol- 
ogy to achieve high-speed operation. This device is a mem- 


ber of radiation hardened, high-speed, CMOS/SOS Logic 
Family with TTL input compatibility. 


The HCTS7266MS is supplied in a 14 lead Ceramic  flatpack 
(K suffix) or a Ceramic Dual-in-Line Package (D suffix). 


vcc 
B4 
A4 
Y4 
Y3 
B3 
A3 


Truth Table 


INPUTS OUTPUTS 


NOTE: L = Logic Level Low, H = Logic level High 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


File Number 3384 
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Absolute Maximum Ratings Reliability Information 

Supply Voltages i s636 sein sea aaa Swe e ate -0.5V to+7.0V Thermal lmpedance ......... paaca tats Gia Bic 
Input Voltage Range, AllInputs ............. -0.5V to VCC +0.5V Weld Seal DIC... ........-...008. 75°CW 16°C/W 
DC Input Current, Any One Input............. 0. cece eens +10mA Weld Seal Flat Pack............... 64°C/W 12°C/W 
DC Drain Current, Any One Output.................. 000 ee +25mA Power Dissipation per Package (PD) 

(All Voltage Reference to the VSS Terminal) For t= 755°C to 4100°C oss as cnet ileiiw Ge eeeetews 1W 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = +100°C to +125°C........ Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10sec)............-.000. +265°C 

Junction Temperature... 0... cece cece ence ee eees +175°C 

ESD Classification ........ lasnaclafardegtavesdet neate ora SB aaransteitess Class 1 


CAUTION: As with all semiconductors, stress listed under “Absolute Maximum Ratings” may be applied to devices (one at a time) without resulting in permanent 
damage. This is a stress rating only. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. The conditions listed 
under “Electrical Performance Characteristics” are the only conditions recommended for satisfactory device operation. 


Operating Conditions 


Supply: VOllade sesso etiees eee eae cive +4.5V to +5.5V = Input Low Voltage (VIL). 0... ce eee eee eee eee 0.0V to 0.8V 
Input Rise and Fall Times at 4.5V VCC (TR, TF)....... 500ns Max = Input High Voltage (VIH)........... 0. cc eee wees VCC/2 to VCC 
Operating Temperature Range (Ta) ..........-. -55°C to +125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS © 


(NOTE 1) 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Quiescent Current VCC = 5.5V, 
VIN = VCC or GND 


+125°C, -55°C a 

Delta ICC AICC =| VCC=5.5V, a 
VIN = VCC or GND 

1 Input = 2.4V ne 


St 
28 
ee | 
Output Current VCC = 4.5V, VIH = 4.5V, RE ees ee Ee 
ee 


GROUP 
A SUB- 
GROUPS 


(Sink) VOUT = 0.4V, VIL = OV 
(Note 2) 


VCC = 4.5V, VIH = 4.5V, 
VOUT = VCC - 0.4V, 


Output Current 
(Source) 
VIL = OV (Note 2) 


VCC = 4.5V, VIH = 2.25V, 


1,2,3 +25°C, +125°C, -55°C 
TOL = 50pA, VIL = 0.8V 
VCC = 5.5V, VIH = 2.75V, +25°C, +125°C, -55°C 
IOL = 50y/A, VIL = 0.80V 


Output Voltage Low 


Output Voltage High 


IOH = -50p/A, VIL = 0.80V 


VCC = 4.5V, VIH = 2.25V, +25°C, +125°C, -55°C VCC 
-0.1 

VCC = 5.5V, VIH = 2.75V, 

IOH = -50pA, VIL = 0.80V 


Current GND 
Noise Immunity VCC = 4.5V, VIH = 2.25V, 7, 8A, 8B +25°C, +125°C, -55°C 
Functional Test VIL = 0.80V (Note 3) 


1. All voltages referenced to device GND. 
2. Force/Measure functions may be interchanged. | 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V is recognized as a logic “O”. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


> GROUP 
(NOTES 1,2) | ASUB- | — 
PARAMETER | SYMBOL | CONDITIONS GROUPS | TEMPERATURE 


Propagation Delay VCC=4.5V,VIH=30V | 9 | 425°C = | 


Input to Output 


seid 40,11 | +126°C,-55°C 
| aes 40,11 | +125°C,-55°C 


NOTES: 
1. All voltages referenced to device GND. 


2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | _ | LIMITS 
PARAMETER | SYMBOL ee Notes | TEMPERATURE | MIN | MAX | UNITS 
CPD 


Capacitance Power VCC = 5.0V, VIH = 5.0V, - re a Typical 20 
i ri pF 


Dissipation VIL = 0.0V, F = 1MHz a EET 
+120 typical 5u 


veo=sov,viH=sov, | 1 | sarc | | 0 | 


VIL =0.0V,F=1MHz 4+125°C | 10 | pF 
Output Transition TTHL 


VCC = 4.5V, VIH = 4.5V, 
NOTE: 


VIL = 0.0V 
_ 1. The parameters listed in Table 3 are controlled via design or process parameters. Min and Max Limits are guaranteed but not directly 
tested. These parameters are characterized upon initial design release and upon design changes which affect these characteristics. 


TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


1M RAD 
LIMITS LIMITS 


(NOTES 1, 2) 
CONDITIONS 


PARAMETERS | SYMBOL 


Output Voltage Low VOL 
VIH = VCC/2, 
VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOL = 501A 


VCC = 4.5V and 5.5V, 
VIH = VCC/2, 

VIL = 0.8V at 200K RAD, 
VIL = 0.3V at 1M RAD, 
IOH = -50pnA 


VCC = 5.5V, VIN = VCC or GND 


VOH 


ICC | VCC = 5.5V, VIN = VCC or GND 
Delta ICC AICC | VCC=5.5V, +2 
VIN = VCC or GND 
1 Input = 2.4V — 
Output Current (Sink) IOL VCC = 4.5V, VIH = 4.5V, +25°C 
| 7 VOUT = 0.4V, VIL =0V : 
Output Current VCC = 4.5V, VIH = 4.5V, 425°C | -4.0 
(Source) VOUT = VCC-0.4V, VIL = OV. ft. 
VCC = 4.5V and 5.5V, +2 


Output Voltage High 


Input Leakage Current 


ee ee 
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TABLE 4. DC POST RADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) 


PARAMETERS | SYMBOL CONDITIONS 


Noise Immunity 


Functional Test VIL = 0.80V @ 200K RAD, 


VCC = 4.5V, VIH = 2.25V, 

VIL = 0.30V @ 1M RAD (Note 3) 
Propagation Delay TPHL VCC = 4.5V, VIH=3.0V, VIL=OV}  +25°C 
Input to Outputt 
Propagation Delay TPLH VCC = 4.5V, VIH = 3.0V, VIL =0V +25°C 
Input to Output 


NOTES: 
1. All voltages referenced to device GND. 
2. AC measurements assume RL = 500Q, CL = 50pF, Input TR = TF = 3ns, VIL = GND, VIH = 3V. 
3. For functional tests VO 2 4.0V is recognized as a logic “1”, and VO s 0.5V Is recognized as a logic “0”. 


TABLE 5. BURN-IN AND OPERATING LIFE TEST, DELTA PARAMETERS (+25°C) 


GROUP B 
PARAMETER SUBGROUP DELTA LIMIT 


a 
IOL/IOH FAB -15% of 0 Hour 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Preburn-In) => 


© 
© 
re) 
a 


100%/5004 
: Sample/5005 


1. Alternate Group A in accordance with method 5005 of MIL-STD-883 may be exercised. 


_. Specifications HCTS 


TABLE 7. TOTAL DOSE IRRADIATION 


"CONFORMANCE READ AND RECORD 
GROUPS 


PRE RAD" POST RAD PRE RAD POST RAD 


NOTE: 
1. Except FN which will be performed 100% Go/No-Go. 


TABLE 8. STATIC AND DYNAMIC BURN-IN TEST CONNECTIONS 


| —_ OSCILLATOR 
GROUND 1/2VCC =3V+0.5V | VCC =6V+0.5V a ae 


STATIC BURN-IN | TEST CONDITIONS (Note 1) 


| 34,1041 | 1,2,5,6,7, 8,9, 12,13 DOESN ASR SOE NP 


STATIC BURN-IN Il TEST CONNECTIONS (Note 1) 


1, 2, 4, 5, 8, 9, 12, 
13, 14 


DYNAMIC BURN-IN TEST CONNECTIONS (Note a 


1,5, 8, 12 2,6, 9, 13 


NOTES: 
1. Each pin except VCC and GND will have a resistor of 10KQ + 5% for static burn-in. 
2. Each pin except VCC and GND will have a resistor of 1KQ + 5% for dynamic burn-in. 


TABLE 9. IRRADIATION TEST CONNECTIONS 


3,4,10,11 a ae i 1,2, 5, 6, 8, 9, 12, 13, 14 


NOTE: Each pin except VCC and GND will have a resistor of 47KQ + 5% for irradiation testing. 
Group E, Subgroup 2, sample size is 4 dice/wafer 0 failures. 
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AC Timing Diagrams AC Load Circuit 
DUT TEST 
VIH POINT 
VIL CL RL | 
TPLH 


VOH ---------------------- | py | ------------ 


CL = 50pF 
OUTPUT RL = 5000 = 


VOL 


VOH --------------------- 


80% 80% 


VOL OUTPUT 


LOGIC 
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Die Characteristics 


DIE DIMENSIONS: 
84 x 84 mils 
2.20 x 2.24mm 


METALLIZATION: 
Type: SIiAl 
Metal Thickness: 11kA + 1kA 


GLASSIVATION: 
Type: SiO, 
Thickness: 13kA + 2.6kA 


DIE ATTACH: 
Material: Silver Epoxy 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/cm? 


BOND PAD SIZE: 
100um x 100um 
4x 4mm 


Metallization Mask Layout 


HCTS7266 
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CD4000 MS Screening 


_ Wafer Lot Acceptance So ten der arf uh cea ian vanes (All Lots) Method 5007 (Includes SEM) 
Radiation Verification................2008. (EachWafer) Method 1019, 4 Samples/Wafer, 0 Rejects 
Nondestructive Bond Pull ............ late tate 100% Method 2023 
Internal Visual Inspection ...............0 cee eee 100% Method 2010 
Temperature Cycling.......... cc cece cece eee 100% Method 1010 Condition C (-65°C to +150°C) 
Constant Acceleration..........0cceceeeeee cece 100% 
PIND TeStinG geass vo sea tiieeerheerciie ened 100% 
External Visual Inspection................ eee 100% 
Serialization........... een Mar ea ee 2 iiaengunk es 100% 
Initial Electrical Test...............20 00 tee eae 100% 
Static ButhelNlss 6 oesatiwnd-oacade cateewe sean ae 100% Method 1015, 24 Hours, +125°C Minimum | 
Interim Electrical Test 2... eee eee 100% (Note 1) 
Static Burn-InIl...... renee EN eer 100% Method 1015, 24 Hours, +125°C Minimum 
Interim Electrical Test l............ gee wena os 100% (Note 1) | 
Dynamic Burn-In...... ba soa eaeat Pes peceas s 100% Method 1015, 240 Hours, +125°C or Equivalent 
Interim Electrical Test Ill .......... paaamnakuetes 100% (Note 1) 
Final Electrical TeSt .c.csi.es ve ieo 485 Oe4 4 eas aids 100% 
Fine and Gross Seal... ok ccc cee 100% Method 1014 
FAGIOCADINICS aoe att dru dyad ances Seah 100% Method 2012 (2 Views) 
External ViSUAl acs cicaer ac ee terns cr eece a ees 100% Method 2009 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) - Method 5005 (Class S) (Note 2): 
Group D (Optional) ....... 0.0... cece ee cece eee eens Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional). .... 2.0... ccc cee eee ee eee . (Note 2) 
Data Package Generation................ cece cece ees (Note 3) 
NOTES: 


1. Failure from interim electrical tests | and II are combined for determining PDA (PDA = 5% for subgroups 1, 7 and delta failures combined, 
PDA = 3% for subgroup 7 failures). Interim electrical tests Il] PDA (PDA = 5% for subgroups 1, 7 and delta failures combined, PDA = 3% | 
for subgroup 7 failures. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 
Cover Sheet (P.O. #, Customer #, Lot Data Code, Harris #, Lot #, Quantity. 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s), Serial # and Lot #). 
Variables Data (All Read, Record and Delata Operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and file(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; Containing a cover page, Disposition, Rad Dose, 
Lot #, Test Package, Spec #(s), Test Equipment, etc. 
Irradiation Read and Record data will be on file at Harris. 


PC 
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SEMICONDUCTOR 


CD14538BMS 


-— €MOS Dual Precision 
‘Monostable Multivibrator 


e 


‘Standards No. 13B, 


Retriggerable/Resettable Capability 


Trigger and Reset Propagation Delays Inde- © 


pendent of RX, CX 

Triggering From Leading or Trailing Edge 

Q and Q Buffered Outputs Avallable 
Separate Resets 

Wide Range of Output-Pulse Widths 
Schmitt-Trigger input Allows Unlimited Rise 
and Fall Times On +TR and -TR Inputs 


100% Tested For Maximum Quiescent Cur- 
rent at 20V 

Maximum Input Current of 114 at 18V Over 
Full Package-Temperature Range: 

- 100nA at 18V and +25°C 

Noise Margin (Full Package-Temperature 
Range): 

- 1V at VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

5V, 10V and 15V Parametric Ratings 
Standardized Symmetrical Output Charac- 
teristics 

Meets All Requirements of JEDEC Tentative 
“Standard Specifica- 


tions for Description of “B” Series CMOS 
Device’s 


Applications 


Pulse Delay and Timing 


December 1992 
Features Description 
¢ High-Voltage Type (20V Rating) CD14538BMS dual precision monostable multivibrator provides stable retrigger- 


~ able/resettable one-shot operation for any fixed-voltage timing application. 


An external resistor (Ry) and an external capacitor (Cx) control the timing and 
accuracy for the circuit. Adjustment of Ry and Cy provides a wide range of out- 


put pulse widths from the Q and © terminals. The time delay from trigger input to 


output transition (trigger propagation delay) and the time delay from reset input 
to output transition (reset propagation delay) are independent of Ry and Cy. Pre- 
cision control of output pulse widths is achieved through linear CMOS tech- 
niques. 

Leading-edge-triggering (+TR) and trailing-edge-triggering (-TR) inputs are pro- 
vided for triggering from either edge of an input pulse. An unused +TR input 
should be tied to VSS. An unused -TR input should be tied to VDD. A RESET 


t. (on low level) is provided for immediate termination of the output pulse or to pre- 


Veni Oulpui pulses wnen power is tumed on. An unused RESET input should be 
tied to VDD. However, if an entire section of the CD14538BMS is not used, its 
inputs must be tied to either VDD or VSS. See Tabie 1. 


_ In normal operation the circuit retriggers (extends the output pulse one period) 


on the application of each new trigger pulse. For operation in the non-retrigger- 
able mode, Q is connected to -TR when leading-edge triggering (+TR) is used 
or Q is connected to +TR when trailing-edge triggering (-TR) is used. The time 
period (T) for this multiviorator can be calculated by: T = RyC,. 

The minimum value of extemal resistance, Rx is 4KQ. The minimum and maxi- 
mum values of external capacitance, Cy, are OpF and 100puF, respectively. 

The CD14538BMS is interchangeable with type MC 14538 and is similar to and 
pin-compatible with the CD4098B* and CD4538B™. 

* T=0.5 RyCyx for Cy = 1000pF. 

* T=RyCy; Cy min = 5000pF. 

The CD14538BMS is supplied in these 16-lead outline packages: 
Braze Seal DIP H4X 

Frit Seal DIP H1L 


¢ Pulse Shaping Ceramic Flatpack H6W 
Pinout Functional Diagram 
CD14538BMS acy nev VDD 
TOP VIEW 
+TR 4 Qi 
-TR 5 
RESET 3 Qt 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 


VDD = 16 
VS 


CX2 RX2 
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Specifications CD14538BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to +20V Thermal Resistance ................ Vie Bic 
(Voltage. Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............65- 70°C/W 20°C/W 

DC Input Current, Any One Input. ............ ec cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range...............- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ...............6. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ..... cece cece cece cee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMB CONDITIONS (NOTE 1) 


Supply Current VDD = 20V, VIN = VDD or GND 


GROUP A ds 


SUBGROUPS 


a 
= 


TEMPERATURE 
+25°C 
+125°C 


[MIN | 

ae 

Pe 

-55°C hee a 
| 100 | 

_| +1000 | 

| -100 | 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND |VDD=20 
VDD = 18V 

VIN=VDDorGND- {VDD =20. 
VDD = 18V 


OL 
Hk 
IH 
VOL15 |VDD = 15V, No Load 
VOH15 |VDD = 15V, No Load (Note 3) 


+25°C 
+125°C 
-55°C 

+25°C 


|: | 
+125°C poe | 
= 
a 


Input Leakage Current 


nA 
nA 


—_ 


esl =] <]<tef=]2}2/3 13) 2]2 19 /-)2he le] fs ee 


Input Leakage Current 


55°C | 100 | 

+25°C, +125°C, -55° | 50. | 
425°C, +125°C, -55°C| 14.95] - 
ase [00 
ee a 
seas 
eee ee 
re ee ee 
p= | 38 | 


q1a 


| 1OH5B . [VDD = SV, VOUT = 2.5V 
Output Current (Source) | 1OH10 | VDD = 10V, VOUT = 9.5V 


Output Current (Source) VDD = 15V, VOUT = 13.5V 


N Threshold Voltage VNTH |VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH |VSS = OV, IDD = 10HA 


| |Functional VDD = 2.8V, VIN = VDD or GND 
: VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 8 
Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage High VIH_ {VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
VIL 
IH 


ese aa | 7 
07 


s2e°G | VOD/2 | voDi2 
= =a 
se | 


+25°C, +125°C, -55°C — 


< 
oO 
Oo 
uN 
a 
= 
< 
O 
Cc 
ear 
u 
hi 
Q 
< 


ise] 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


QO 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High Vv VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 


Q) 


+25°C, +125°C, -55° 
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TABLE 2. AC ELECTRICAL PERFORMANCE.CHARACTERISTICS | 


: 2 : | ‘GROUP A — 
PARAMETER | |SYMBOL| CONDITIONS (Note 1,2) - | SUBGROUPS 


Propagation Delay. TPHL1 | VDD = 5V, VIN = VDD or GND 
+TRor-TRtQorQ | TPLHi |. 10.11 
‘Propagation Delay | TPHL2 |VDD=5V,VIN=VDDorGND-| 9 | 
Reset toQorQ {| TPLH2 | | | T1011 | 
Transition Time _] TTHL |VDD=5V,VIN=VDDorGND | 9 | 
ma en 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL Dace NOTES TEMPERATURE 
_ IDOD 


VDD = 5V, VIN = VDD or GND ~—61,2 -55°C, +25°C 


_ _UMITS. , 


-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 


VDD = 10V, VIN = VDD or GND 


VDD = 15v, VOUT = = : 

cnet (Source) hae ea VOUT = 4.6V | 

en: 
aad nea 


Output Voltage 
Output Voltage 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 

425°C, +125°C, 
-55°C 


+125°C 
55°C 
#125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 


TAL 
© 


+125°C 


PGi 
©) 


+125°C 
55°C 


+25°C, +125°C, 
-55°C 


Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low ViL1 VDD = 10V, VOH > 9V, VOL < 1V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL ow NOTES | TEMPERATURE] MIN | MAX | UNITS 
Input Voltage High VDD = 10V, VOH > 9V, VOL < | +25°C, +125°C, Pee dee sh 
1V -55°C 


Propagation Delay +TR TPHL1 | VDD =10V +25°C 
OR -TRtoQorQ TPLH1 VDD = 15V 425°C 


Propagation Delay Reset | TPHL2 | VDD = 10V +25°C 
toQ orQ TPLH2 VDD = 15V 


+25°C 
Transition Time TTHL | VDD — tov 
TTLH [yop = 15v 


425°C 
+25°C 
Output Pulse Width 
QorQ 


+25°C 
Cy =.002yF, Ry = 100K 


a, 


90 


_— 
© 


= nN 
c g £ ra) 


VDD = 10V 
VDD = 15V 


= +25°C 


= 1,2,3 +25°C 
125° 
25% 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


+25°C 
+25°C 
+25°C 


Output Pulse Width 
Cy = 0.1 pF 
Ry = 100K 


< < 
S Ss 
0 o 
I 

= < 

< 


Output Pulse Width 
Cy = 10pF 
Ry = 100K 


| 
o) 
3 
ao 
< 


KES 


o 


Minimum Retrigger Time 


—_ 
> 
So 


Minimum Input Pulse 
Width 
+TR, -TR, or Reset 


~N“ 
oa 
Tl 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
_ PARAMETER __| SYMBOL | ik | NOTES _| TEMPERATURE UNITS | 


Supply Current | DD |VDD=20V,VIN=VODorGND} 1,4 ‘| 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA re ae ee 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VPTH | VSS = OV, IDD = 10HA 
A 


P Threshold Voltage VPTH | VSS = OV, IDD = 10pA 1,4 +25°C 

Delta 

Functional F VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL < V 
VDD = 3V, VIN = VDD or GND wERe | VODIE 
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TABLE 4. POST IRRADIATION. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


-_ | LIMITS 
PARAMETER {SYMBOL} —CONDITIONS NOTES §|TEMPERATURE| MIN | MAX | UNITS 
| hank Saal 


NOTES: 1. All voltages referenced to device GND. | 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. - ' 4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C . 


SuppiyGurent-MSr2 | Dieta 
[Output Current (Source) | IOH5SA | + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 


METHOD 


ras Boe em esi 


CONFORMANCE GROUP & SUBGROUPS 


READ AND RECORD 


[roawote) __———*?toomsoe [7 bomes 
TPOAWwotet) +d? s0onsoe | iY. 
Frarest | s00%so0e [a aeneasoa [SS 
[Groups] Sampiesoos | 42.a7,0A00,0100 | 
ne ao ee) Ree RENEE 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 _ TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR . 
FUNCTION ove-o5v | SOkHz | 25kHz 
Static Burn-in 1 6, 7,9, 10 2, 14, 16 
(Note 1) 
Static Burn-In 2 6, 7, 9, 10 
(Note 1) 


Dynamic Burn- 6, 7,9, 10 
In (Note 1) 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) 


NOTE: 


TOR 
FUNCTION veosv | okie | ee 
Irradiation 2, 6, 7,9, 10, 14 
(Note 2) 


OSCILLA 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K 
= 10V + 0.5V ; 


+ 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 


TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 


Leading-Edge Trigger/ 
Non-Retriggerable 
Trailing-Edge Trigger/ 
Retriggerable 

Trailing-Edge Trigger/ 
Non-Retriggerable 


NOTE: 
1. A triggerable one-shot multivibrator has an output pulse width 


which is extended one full time period (T) after application of 
the last trigger pulse. 


2. Anon-triggerable one-shot multivibrator has a time period (T) 
referenced from the application of the first trigger pulse. 


VDDTOTERM# | VSSTOTERM# INPUT PULSE TO TERM # | OTHER CONNECTIONS 
FUNCTION __| MONOt | MoNo2| MoNo1_| MoNo2 | MONO! | MoNo2_| MONO1 | MONO? _ 


Leading-Edge Trigger/ 
Retriggerable 


Le Ae 


INPUT PULSE TRAIN 


RETRIGGERABLE MODE PULSE 

WIDTH (+TR MODE) T 
NON-RETRIGGERABLE MODE | 
PULSE WIDTH (+TR MODE) 


Power-Down Mode 


During a rapid power-down condition, as would occur with a 
power-supply short circuit or with a poorly filtered power sup- 
ply, the energy stored in Cy could discharge into Pin 2 or 14. 
To avoid possible device damage in this mode, when Cy is 2 
0.5 microfarad, a protection diode with a 1-ampere or higher 
rating (1N5395 or equivalent) and a separate ground return 
for Cy should be provided as shown in Figure 1. 


An alternate protection method is shown in Figure 2, where 
a 51-ohm current-limiting resistor is inserted in series with 
Cy. Note that a small pulse width decrease will occur how- 
ever, and Ry must be appropriately increases to obtain the 
Originally desired pulse width. 


Lp caceeet vbes cesta tgreeeerbetnctinieaetpim-nnchoaeshaoetnprchaseunaeaiuanonancies’ 


IN5395 
OR 
EQUIVALENT 


FIGURE 1. RAPID POWER-DOWN PROTECTION CIRCUIT 


Vpp 
Rx 
51 OHMS 
+ 
Cx 
2 0.5pfd = Vss 
FIGURE 2. ALTERNATE RAPID POWER-DOWN PROTECTION 


CIRCUIT 
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Logic Diagram 


*ALL INPUTS ARE . 
i PROTECTED BY CMOS 
L PROTECTION NETWORK 


iE game go 


TLR. 


CLs FF DETAIL cL 


FIGURE 3. 1/2 OF DEVICE SHOWN 


Typical Performance Characteristics 


my 


t . | rf 
3 - -_ 
E 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V a : 
lu lu 
é 25 é 12.5 
S 20 & 10.0 
Fs a 
= 15 = 75 
= 10 — 5.0 
fm ] 
BS E, 
0 10 5 0 5 10 15 
_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW GNF) CURRENT FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AS 10 
AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS a 


LEtTTT_T Tt 
LELTTET TT ET ey ey 
0 20 40 60 #480 100 
LOAD CAPACITANCE (CL) pF 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNCTION 


OF LOAD CAPACITANCE (+TR OR-TR TO Q OR Q) 


AMBIENT TEMPERATURE (Ta) = +25°C hs a 


SUPPLY VOLTAGE (VDD) = 5V 


n 
S 


TRANSITION TIME (tTHL, tTLH) (ns) 
ae: 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) =425°C 


RESETPROPAGATION DELAY TIME (tPHL, tPLH) -ns 
o 
°o 
r=) 


0 20 


40 60 80 100 

LOAD CAPACITANCE (CL) pF 

FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE (RESET TO Q OR Q) 


4 6 68 10 12 14 16 18 20 
VDD SUPPLY VOLTAGE (VOLTS) 


FIGURE 11. TYPICAL PULSE-WIDTH VARIATION AS A 
FUNCTION OF SUPPLY VOLTAGE 


PULSE WIDTH VARIATION - PERCENT NORMALIZED 
TO VDD = 10V 
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_ TYPICAL PULSE WIDTH VARIATION - PERCENT 
| - NORMALIZED TO VDD = 10V, TA = 25°C 


20 
en reese pe 


FIGURE 12. TYPICAL PULSE-WIDTH VARIATION AS A FUNCTION 
- OF TEMPERATURE (RX = 100 KO, CX = 0.1F) 


40 60 


Typical Performance Characteristics (Continued) 


100 120 140 


1 CL = 50pF, RL = 200KQ — 
ae RX= 100KQ 
— 1000 3 b- AMBIENT TEMPERATURE (Ta) =25°C 
3 | ONE MONOSTABLE OPERATING 
E 2 
w 100 8 
a 6 
= 4 
= 10 : 
> 8 
al 6 ) 
a 4 i, 
3 2 
18 
2 a 
5 2 
re. 0.1 8 
6 
4 
2 
0.01 
2468 2 468 2 468 2 468 2 468 2 468 
0.0001 0.001 0.01 0.1 1 10 100 
OUTPUT DUTY CYCLE (%) 


FIGURE 14. TYPICAL TOTAL SUPPLY CURRENT AS A FUNC- © 


TION OF OUTPUT DUTY CYCLE 


_ Chip Dimension and Pad Layout 
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o 


Sd) 


TYPICAL PULSE WIDTH VARIATION - PERCENT 
NORMALIZED TO VDD = 10V, TA = 25°C 


60 -40 -20 0 .20 40 60° 80 100 120 140 


AMBIENT TEMPERATURE (°C) 


FIGURE 13. TYPICAL PULSE-WIDTH VARIATION AS A FUNCTION 
OF TEMPERATURE (RX = 100 KQ, CX = 2000pF) 


RX = 100KQ 
TA =z +250C 


: 


100 


YH 2D ND @ OO 


~~ 
i—] 


IDD CURRENT (A) 50% DC 


2 468 2468 468 2468 2 468 
10 100 1000, 10K 100K 
CX CAPACITANCE (pfs) 


FIGURE 15. TYPICAL TOTAL SUPPLY CURRENT AS A FUNC- 


TION OF LOAD CAPACITANCE 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4KA - 15.6kA, Silane | 
BOND PADS: 0.004 inches X 0.004 inches MIN 


72(1.824) DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


CD4000BMS, CD4001BMS 
aw HARRIS  ¢p4002BMS, CD4025BMS 


December 1992 : CMOS NOR Gate 
Features | Pinouts 
¢ High-Voltage Types (20V Rating) - - ©D4000BMS 
TOP VIEW 
e Propagation Delay Time = 60ns (typ,) at CL = 50pF, 


VDD = 10V 
e Buffered Inputs and Outputs 
e¢ Standard Symmetrical Output Characteristics 
100% Tested for Maximum Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1pA at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): CD4001BMS 
- 1Vat VDD =5V TOP VIEW 

- 2Vat VDD=10V 
- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tlon of “B” Series CMOS Device’s 


Description 


CD4000BMS_ - Dual 3 Plus Inverter 
CD4001BMS_~ - Quad 2 Input 
CD4002BMS__ - Dual 4 Input 

CD4002BMS 
CD4025BMS_ - Triple 3 Input TOP VIEW 


LOGIC 


CD4000BMS, CD4001BMS, CD4002BMS, and 
CD4025BMS NOR gates provide the system designer with 
direct implementation of the NOR function and supplement 
the existing family of CMOS gates. All inputs and outputs are 
buffered. 


The CD4000BMS, CD4001BMS, CD4002BMS and the 
CD4025BMS is supplied in these 14 lead outline packages: 


CD4000B CD4001B CD4002B CD4025B 
Braze Seal DIP H4X H4Q H4Q H4Q 
Frit Seal DIP H1iB H1B H1iB H1iB 
Ceramic Flatpack H3W H3w H3W H3W 


‘CD4025BMS 
TOP VIEW 


NC = NO CONNECTION 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3289 
Copyright © Harris Corporation 1992 7-649 


_ €D4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Functional Diagrams 


- CD4002BMS — : ; CD4025BMS 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ...:........... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.............. cece cece ees +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H . 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ...............6- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information 
Thermal Resistance ................ G4 6, 


Ceramic DIP and FRIT Package..... B0°C/W 20°C/W 
Flatpack Package ................ 70°C/WW 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C a 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
. Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ..............- 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ... 0... cece cece cece ences +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage HL 


VDD = 15V, VOUT = 13.5V 


N Threshold Voltage VNTH {VDD = 10V, ISS = -10A 


Input Voltage Low » VIL 
(Note 2) 
Input Voltage High VIH 
(Note 2) 
Input Voltage Low VIL 
(Note 2) 


VOL < 1.5V 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


GROUP A 
PARAMETER _| SYMBOL CONDITIONS (NOTE 1) | {SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


< 
oO 
oO 
1 
RS 
oO 


< 
0 
Oo 
it 

ot, 
fee) 
< 


o ~ > 
N > ~o 
a 


=] =] =] =] <t=)<f2)8}2]9)8]2 191] ls fe alle sf 


VDD = 20 


Input Leakage 
VDD = 18V 


Output Voltage VOL15 |VDD = 15V, No Load 1,2,3 


P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 
F [VDD = 2.8V, VIN= VDD or GND _| 


VDD = 2.8V, VIN = VDD or GND 


Functional 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


LIMITS 


ee ee 
H25°C | 50 | 
-55°C | 0.5 | 
425°C ee 
+125°C le ee ot 
55°C 
+25°C 
+125°C 
55°C 

+25°C, +125°C, -55° 

425°C, +125°C, -55°C| 1 


1000 


nA 
nA 
nA 
nA 


2) 


ae 
+25°C VOH> | VOL < 
aaa ie 


2) 


+25°C, +125°C, -55° 


2) 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


2) 


425°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND 
| TTHL 


Transition Time VDD = 5V, VIN = VDD or GND - 


+125°C, -55°C 


TTLH 


NOTES: 
1. CL = S0pF, AL = 200K, input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current IDD VDD = 5V, VIN = VOD or GND -55°C, +25°C 
+125°C 
-55°C, +25°C 


im kel <a) 
Tricuv vw 


LIMITS 


PPP 
” 


U 


7.5 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 
Output Voltage | ae VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


+125°C 


425°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


+125°C 


Output Voltage VDD = 5V, No Load La 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V |. 3 +125°C 


Output Voltage coe VDD =10V,NoLoad | 


Output Current (Sink) -| {fOL15 [VDD = 15V, VOUT = 1.5V +125°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V 


Output Current (Sink) VDD = 5V, VOUT = 0.4V 


Output Current (Source) 


VOL 

VOL 

VOH 

VOH 

IO 

——— 
nme baal eohenaiind 
Output Current (Source) es VDD =15V, VOUT = 13.5V 
Propagation Delay TPHL voo=10v.SO™O™*~<C~st*«<~ CS SSC*S 


VDD = 5V, VOUT = 2.5V 


+25°C, +125°C, 7 
-55°C 


g 

Q 

ND 
1) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


Twin [max | unrrs 
Transition Time TAL [voD=1v iTS | asec «|S (100~*|s— 
po mt [eos te Tare T= 80 [ns 
input Capacitance | CIN [anyinput | 2 «Yate «|S «8 | 
NOTES: 

1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


N Threshold Voltage AVNTH {VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VPTH |VSS = OV, IDD = 10pA 


P Threshold Voltage AVPTH [VSS = OV, IDD = 10nA ee ee 
Delta 


| 02 | 28 | 


Functional 5°C VOH > | VOL < 
TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Curent-ssi__ | OD ~«(sOA 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[iivarTest(recumin | woowsoos [ne ——~S~*dO 
[ Poa) «dt —toomatos | Cra Dows idSCSCSCSC~S 
[Poawoet) «| —toomano GDC 
Fratest | oomso0s_[aaeneaian [SSS 

[Senpiesoos | naavenenewn | 
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Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


. MIL-STD-883 
CONFORMANCE GROUP METHOD | GROUP A SUBGROUPS READ AND RECORD 


Group B - | Subgroup B-5 - Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
SubgouBS | Semiesos [nn] 
GroupD ==——sSsdY:Ss Sampo 5005 1,2, 3, 8A, 8B, 9 Subgroups 1, 2 3 z= 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD ’ PRE-IRRAD POST-IRRAD | 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


; 
ee ae see a 
PART NUMBER CD4000BMS 
Static Burn-in 2 eee 
Note 1 
In Note 1 


7 i 
7 
Note 2 
7 1, 2, 5, 6, 8, 9, 
12-14 


PART NUMBER CD4001BMS 
Static Bum-in 1 3, 4, 10, 11 
Note 1 — 
1, 2, 5, 6, 8, 9, - 
12 - 14 


= 
°o 
~- 
® 
awk 


Static Burn-in 2 
Note 1 


Dynamic Burn- 
In Note 1 


1, 2, 5, 6, 8, 9, 
12, 13 


Irradiation 
Note 2 


PART NUMBER CD4002BMS 


Static Burn-in 1 1, 6, 8,13 2-5,7,9-12 

Note 1 

Static Burn-In 2 
7 


Dynamic Burn- 

In Note 1 

PART NUMBER CD4025BMS 

Static Burn-in 1 6, 9, 10 1-5,7,8, 11-13 


Static Burn-in 2 


io) 
8 
a s 
an co at 
~ 
_ 
"s 
> 


= a 
2 2. 
@ @ 
NO —_ 


1-5, 8, 11-14 


Ki 
i A 


1-5, 8, 11-13 


= i z z 

° fo) 
L ene P— 
S o o 
oO _s oh 
Ss 


Irradiation 1-5,8,11-14 


z 
° 
-— 
® 
Po 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


7-654 


Specifications CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Schematic and Logic Diagrams 


5* 
(12) 


3* 
(11) 
, Lk INVERTER AND 1 OF 2 
4* GATES (NUMBERS IN 
; PARENTHESES AR 
(13) n TERMINAL NUMBERS 
FOR SECOND GATE) 
5(12) 
3(11) 
(10) 
4(13) LOGIC DIAGRAM 


1 OF 2 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 7 0 Vss 
NUMBERS FOR SECOND GATE) 


2(12) 
3(11) 
4(10) Se 
5(9) LOGIC DIAGRAM 
CD4002BMS 


“ALL INPUTS ARE 
PROTECTED BY CMOS 
PROTECTION NETWORK 


14 9 Vop 
F vss 
Pl P P | 
: 3 
(8, 6,13) | " tf 
— tS (0, 4, 11) 
Pp 
n . ; 
2° 
n : 
(9, 5, 12) 
7 0 Vsg 


1 OF 4 GATES (NUMBERS IN PARANTHESES 
ARE TERMINAL NUMBERS FOR OTHER GATES) 


1(8, 6,13) 


(10, 4, 11) 


LOGIC DIAGRAM 
CD4001BMS 


2(9, 5, 12) 


1 OF 3 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
NUMBERS FOR OTHER GATES) 


3(1, 11) - 
4(2, 12) 
(9, 10) 
5(8, 13) LOGIC DIAGRAM 
CD4025BMS 
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_CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Typical Performance Characteristics 


OUTPUT VOLTAGE (VO) (V) 


INPUT VOLTAGE (VI) (V) 


FIGURE 1. TYPICAL VOLTAGE TRANSFER 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS: . 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 ca) 0 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 


10° 


3 AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 15V 


104 


103 


NY 
ie 
@ tay 
NHN 
“THe 
TCC 


ee Ee ee 


i 
102 ile 
[-— 


NGANUIL 


POWER DISSIPATION PER GATE (PD) (x) 


AT | 
PY tai TT 


2 4 68 2 468 2 468 2 468 
1 10 102 10° 104 
INPUT FREQUENCY (fl) (kHz) 
FIGURE 2. TYPICAL POWER DISSIPATION vs FREQUENCY 


AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


oe 
af of 
em aks De 
i 


pr" tt 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT ~— 
CHARACTERISTICS 


12.5 


tN NS 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 5 
AMBIENT TEMPERATURE (Ta) =+25°C | LA 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V V 


° 
OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


CD4000BMS, CD4001BMS, CD4002BMS, CD4025BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (T,)= 425°C] | 1 1 1~ 
A — 


ee a 
ap a 
Cas 
| 

— 


ah 
4) 
o 


TRANSITION TIME (tTHL, tTLH) (ns) 
° 
° 


PROPAGATION DELAY TIME PER GATE 
(tPHL, tPLH) (ns) 


Mt AL 
CH TN 


gl 
(—) 


\ 


10 20 30 40 50 #60: 70 80 90 100 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE CAPACITANCE . 


Chip Dimensions and Pad Layouts 


of 


4-10 
02-0.254) 
65-73 
1.651-1.854 
CD4001BMS 


” §2-60 
(.320-1.524) 


20 Ht} | 
— pil & 4 
| 2 Ni ++ 
5 | | : fj Bkcs Eko 
1 l. 4-10 o- 
0.102-0.254) 16.108- 0254) 

65-73 | [i teuceease 
1651-1854 (1.676-1.879) 


CD4002BMS CD4025BMS 
Dimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in mils (10° inch) 
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Euicesooeron CD40065MS 


December 1992 ag ye cmos 18-Stage Static Register 
Features — ie tee eo, Pinout ‘ = 4 
‘© High-Voltage Type (20V Rating) | | = pane CD4006BM 


TOP VIEW 


e Fully Static Operation 
e Shifting Rates Up to 12MHz at 10V (typ) 
¢ Permanent Register Storage with Clock Line High or 
Low - No Information Recirculation. Required 
100% Tested for Quiescent Current at 20V 
¢ Standardized, Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings 
Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C 
_Nolse Margin (Full Package-Temperature Range): 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


_Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Devices" 


Applications 


¢ Serial Shift Registers 
e Frequency Division 
¢ Time Delay Circults 


Description 


CD4006BMS types are composed of 4 raegalaie shitt register 
sections: two sections of four stages and two sections of five 
Stages with an output tap at the fourth stage. Each section has 


an independent single-rail data path. fee eel 


A common clock signal is used for all stages. Data are shifted 2 STAGE . 
to the next stages on negative-going transitions of the clock. 7 [eee 
Through appropriate connections of inputs and outputs, multi-- 
ple register sections of 4, 5, 8, and 9 stages or single register 
sections of 10, 12, 13, 14, 16, 17 and 18 stages can be imple- 
mented using one CD4006BMS package. Longer shift register 
sections can be assembled by using more than one 
CD4006BMS. | 


To facilitate cascading stages when clock rise and fall times are 
Slow, an optional output (D1 + 4’) that is delayed one-half clock- 
cycle, is provided (see Truth Table for Output from Term. 2). 
The CD4006BMS is supplied in these 14 lead outline pack: 
ages: 
Braze Seal DIP H4Q 

Frit Seal DIP H6D 
Ceramic Flatpack H4F 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3290 
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Specifications CD4006BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Ga Bi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...............4. 70°C/W 20°C/W 

DC Input Current, Any One Input............. cece eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ..............24. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature 2... 6... cece ce eee eee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A Ce 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


os ee ee 


-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 


VDD = 18V, VIN = VDD or GND 


HL VIN=VDDorGND- {VDD =20 
VOD = 18V 


VDD = 20 


+ 

ie) 
a) 
Q 


ak 
=) 
=} 
> 


Input Leakage Current 


¢ 
_ 
© 
oO 
o 
3 
> 


VDD = 18V 


2) 


BOREL 


Q) 


14.95 


‘ 
owl, 


Output Current (Source)| IOH5B {VDD = 5V, VOUT = 2.5V 
Output Current (Source)} IOH10 {VDD = 10V, VOUT = 9.5V 


Input Voltage Low Vil |VDD =5V, VOH > 4.5V, VOL < 0.5V | 425°C, +125°C, : 
(Note 2) | 

Input Voltage High VIH_ {VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 
(Note 2) | 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 


+ 
Mh 
% 
.@) 
S 
N 


__ Hlslelels 
N > 
EOE EEEEEREEEEEEEE 


+ 
nN 
ol 

(e) 
.?) 
<< 

GO 
< 
Vv 


fee] 
Ww 
' 
On 
on 
° 
Q 


2) 


2) 


+25°C, +125°C, -55° 


VIH VDD = 15V, VOH > 13.5V, 


QO 


+25°C, +125°C, -55° 1 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 
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Specifications CD4006BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee Se | > ..imits |. 
- PARAMETER SYMBOL | CONDITIONS (NOTE 1, 2) cmos TEMPERATURE | MIN | MAX | UNITS. 


- GROUP A 

SUBGROUPS 

ee ee ee ee 
| 10,41 | +126°C,-s5°C | - =| 540 | ns __ 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425° _ 
| ahah | | 10,11 | +125°c, -55°c 


Maximum Clock Input FCL |VDD=5V | 9 | 425°C 
Frequency _|VIN=VDDorGND => j}_—s‘'10, 11s]: #125°C, -55°C 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. 55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


[200 [ne 
[ar [ne 
Tas |_| ne | 
Pres | | wre 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND “55°C, +25°C 


+125°C 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
; +125°C 
Output Voltage | VDD = 5V, No Load +25°C, +125°C, 


LIMITS | 


UNITS 


_s 


+25°C, +125°C, 
55°C 


+26°C, +125°C, 
-55°C 


+25°C, +125°C, 
55°C 


+125°C 
-55°C 
+125°C 
© 685°C 
+125°C 
; -55°C 
—+125°C 
-55°C 
+125°C 
55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


VOL = 5V, 
inabeaisead Veal ieislacaeoAil 


Output Current (Source) lot VDD =15V, VOUT = 13.5V 


1.15 


lel lets leteleteled «ll a] ebb EE 


ASPB MS BIS SRA BIA 
.?) 


nm 
WN 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


+7 


= 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


: LIMITS 
PARAMETER — | SYMBOL CONDITIONS — NOTES |TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay |. TPHL [VDD =10V | 123 | +c [{ - | 200 | ns | 


Transition Time §§ | TTHL |VDD=10V 


Minimum Data Setup 
Time 


Minimum Clock Pulse 
Width 


voo=tey | 
IN [avinot | 
NOTES: — 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 


VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD =10V, ISS =-10pA 


N Threshold Voltage AVNTH | VDD = 10V, ISS =-10nA 
Delta | 


F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supeycwren-usi2 | [etwa 
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Specifications CD4006BMS 


TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 


CONFORMANCE GROUP | METHOD | ‘GROUP A SUBGROUPS -- READ AND RECORD 


100% 5004 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 READ AND RECORD 
_ CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION © 


Static Burn-in 1 
Note 1 


Static Bum-In2 
Note 1 


Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Logic Diagram and Truth Table 
cL 


TRUTH TABEL FOR SHIFT REGISTER STAGE 
CL 


IK 
V 
cc 


Cc 


LOGIC DIAGRAM AND TRUTH TABLE (ONE REGISTER.STAGE) . 


DON’T CARE 
0 =LOW = LEVEL CHANGE 


=a, 
i 
= 
G) 
= 
*x< 
Iu 


© 
O 
fe) 
— 


D1+4 LATCH a 


DETAILED LOGIC OF LATCH 


FRPRPAPBDMAPAAAPAPRMPAAAPAPBPAPIPIPSFASAAAPAPPAPADAAMAIPSAAAAAPDAABABASAODASHD 


LOGIC DIAGRAM WITH DETAIL OF LATCH 


SBVVs*seeaeaag CQeeesangx4uga#gaeuaeoa 
ReeQeeeseseSSeaeueS*euagaeeaeneeuae 
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Typical Performance Characteristics 


peororemneromre  [ 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


Ss &k 8&8 


OUTPUT LOW (SINK) CURRENT (IOL) (mA). 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 40 


“AMBIENT TEMPERATURE (Ta) = +25°C 
- GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) SEnneEN® 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


200 


TRANSITION TIME (tTHL, tTLH) (ns) 


20 


40 60 80 | 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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zi | | | [| 
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DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MIMIMUM OUTPUT LOW (SINK) CURRENT 
. CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) ee 
-15 -10 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
- CHARACTERISTICS 


- PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


20 


40 
LOAD CAPACITANCE (CL) (pF) 


60 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 


CD4006BMS 


Typical Performance Characteristics (Continued) 


POWER DISSIPATION (PD) (:W) 


8 - 
; 10 407 10° 104 
INPUT FREQUENCY ({CL) (kHz) 


FIGURE 7. TYPICAL DYANAMIC POWER DISSIPATION 
AS A FUNCTION OF CLOCK FREQUENCY 


Chip Dimensions and Pad Layout 


te 


66-74 
mm (1.677-1-879) 


LOGIC 


ee 4-10 
(0. 102-0-254) 
109-117 
-769-2.97! : | 


Dimensions in parentheses are in millimeters. 

and are derived from the basic inch dimensions 

as indicated. Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD4007UBMS 


ee ere hee “SC, CMOS Dual Complementary Pair Plus Inverter 
Features _ — Pinout 
¢ High-Voltage Type (20V Rating) _ 7 oo... @D4007UBMS 
yO TOP VIEW 
¢ Standardized Symmetrical Output Characteristics 


¢ Medium Speed Operation | 3 - a2 (P) DRAIN [1 14) VOD, 21, 02, Se) aina 
- tPHL, tPLH = 30 ns (typ) at 10V 3 - | Q2 (P) SOURCE [2) 13] Q1 (P) SOURCE 


100% Tested for Maximum Qulescent Current at 20V Q2 GATES 3] 42] Q3 (N) DRAIN, Q3 (P) SOURCE 


Meets All Requirements of JEDEC Tentative Stan- a Q2 (N) SOURCE 4 
dards No. 13B, “Standard Specifications for. Descrip- 
tion of “B” Series CMOS Devices” 


11} Q3 (P) DRAIN 
(Q2 (N) DRAIN [5| HO] Q3 GATES 


ai aates [6] [9 ] a3 (N) SOURCE 
e. Maximum Input Current of 1A at 18V Over Full Pack- | | 
_ age-Temperature Range; 100nA at 18Vand+25°C) =|. ine naresaiiy fd [8] @1 (N) DRAIN 
| SOURCE 


Applications 

e Extremely High-Input Impedance Amplifiers 
‘Shapets Functional Diagram | 
e Inverters 

e Threshold Detector 
e Linear Amplifiers 


e Crystal Oscillators 


Description 


CD4007BMS types are sSiipieed of three n-channel and . 
three p-channel enhancement-type MOS. transistors. The" 
transistor elements are accessible through the package ter- 
minals to provide a convenient means for constructing me 
various typical circuits as shown in Figure 2. 


_ TERMINAL NO. 14 - VDD 


ages. Numbers shown in parentheses indicate terminals that . TERMINAL NO. 7 - VSS 
are connected together to form the various configurations 
listed. 


More complex functions are possible using ‘multiple pack- 


The CD4007BMS is supplied in these 14 lead outline pack- 
ages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3291 
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Specifications CD4007UBMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 


DC Input Current, Any One Input................ cece ee eee +10mA 


Operating Temperature Range..............+- -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ................ Gia 0. 
‘Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°CW 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 

' For Ty = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 


Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 20V, VIN = VDD or GND 


VDD = 10V, VOUT = 9.5V 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, | 
(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 


GROUP A 
PARAMETER |SYMBOL| —CONDITIONS(NOTE1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


-55°C 
VDD = 20 +25°C 
125°C 


VDD = 20 
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+25°C 
+125°C 
-55°C 
5°C, +125°C, -55° 
5°C, +125°C, -55° 
+25°C 
+25°C | 
+25°C | 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C | 
+25°C, +125°C, -55° 
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425°C, +125°C, -55° 


1,2,3 +25°C, +125°C, -55° 


i 


+25°C, +125°C, -55° 


2) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS . 


a | ) GROUP A eas. 
PARAMETER - |SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE} MIN | MAX | UNITS 


Transition Time “TTHL |VDD=5V,VIN=vDDorGND | 9 | +25 | - | 200 | ns | 
- uae: | 1011 | +12src,-ssec | - | 270 | ons 


NOTES: 
1. CL = 50pF, AL = 200K, Input TR, TF < 20ns. | | 
2. 55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


LIMITS | 


LL) BERR EPS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


UNITS 


N 
oO 


Output Voltage VDD = 5V, No Load +25°C, +125°C, 
. -§5°C 

+25°C, +125°C, 
— 55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+125°C 
55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
— =55°C 
+125°C 
55°C | 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 


OH 


V 
Vv 
Vv 
ne ee 
Output Current oa 
esemiaand eal VDD = 10V, VOUT = 9.5V 
eee | VDD =15V, VOUT = 13.5V ) 


a pis ORAM 
Q 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V. 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


+25°C, +125°C, 
-55°C 


vf fellate eteley TLL 
i+] [tele lel tele 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay TPHL |VDD=10V ic | 
TPLH 


Transition Time TTHL 
TTLH 
Input Capacitance CIN 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


V 
V 
NM 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 

N Threshold Voltage VNTH_ | VDD = 10V, ISS =-10pA | 425eo | 28 | -02 | vi | 
ae hae OS 

P Threshold Voltage AVPTH | VSS = OV, IDD = 10pA 1,4 +25°C +1 

Delta 

Propagation Delay Time | TPHL 1,2,3,4 +25°C 

TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


| ‘LIMITS 
PARAMETER SYMBOL NOTES |TEMPERATURE| MIN | 
N Threshold Voltage AVNTH | VDD = 10V, ISS =-10pA 425°C 
Delta . 
Functional } F | VDD = 18V, VIN= VDD or GND 425°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND siete | iets 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Boppy curent-ssi_—| 00 [awa 
[ouput Gurent Sour) | 10H5A [= 20% xPre-Test Reading | 


TABLE 6. APPLICABLE SUBGROUPS 


[Poa Wwowt) ———SC*dC tome stoe | Dems PC 
toon soo | eA | SCSCSC~C~S 
[Sampo s005 | 4 2.9,7,0n.00,0108 | 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


: MIL-STD-883 | | : 
CONFORMANCE GROUP METHOD | _GROUP A SUBGROUPS READ AND RECORD 


Group B- Subgroup B-5 |. Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas [Subgroups 1,2,3,9,10,11 = =~ 
Sample 5005 | 1,2,3,8A,8B,9  . ~+| Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION ; 


| | _MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Lemmon | comm | onctmm | wo | oven | ome 
1 Note 1 . 
Static Burn-in 


4,7,9 
2 Note 1 
Dynamic Burn- 4,7,9 
In Note 1 
limiased cae L cocaned 


2,3, 6, 10, 11, 14 


1. Each pin except VDD and GND will have a series resistor of 10K +5%, VDD = 18V +0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V +0.5V 


Schematic Diagram 


BBWVewewaepeeeves: 


Baweeesaavwagda 


*CMOS INPUT 
PROTECTION 
NETWORK 
PARASITIC AND 
**CMOS OUTPUT PROTECTION NETWORK COMPONENTS 
NE ETW z N+ 
Nes oe 8, a ek hi D2 = P+ TO SUBSTRATE 
AND THE CORRESPONDING o OUTPUT i : ; : a 
DRAINS AND/OR SOURCES TERMINAL 
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FIGURE 1. DETAILED SCHEMATIC DIAGRAM OF CD4007UBMS SHOWING INPUT, OUTPUT, AND PARASITIC DIODES 


Logic Circuits 


33-{ p— 12 
[ = Daw M2 10 a: 
0 12 


. . 1 (13, 2); (1, 11); | (1, 12, 13); (2, 14, 11); 
14, 2, 11); (8, 13); , ; » 11); 
4 a aa is (12, 5, 8); (7, 4, 9) (4, 8); (5, 9) 

| a) TRIPLE INVERTERS b) 3- INPUT NOR GATE c)3-INPUTNANDGATE 


B Qo) 
a@ 


OUT 


Vop 
A 
B 
A B OUT(VDD)=C+ AB 
Ct OUT (VSS) = CA+ CB 
seh | 


c (6) 
Vss 
—> 

#ALL P- UNIT SUBSTRATES. r- | 
ARE CONNECTED TO Vpp (13, 12, 5); (4, 9, 8); 
ALLN-UNITSUBSTRATES ” Vss_ (14, 2); (1,11) 
ARE CONNECTED TO Vgg 

d) TREE (RELAY) LOGIC - 


VDD = (OPTIONAL VDD PULL-UP) 


4 
ye > 


(6, 3, 10); (8, 5, 12); 
(11, 14); (7, 4, 9) 


VDD 


(6, 3, 10); (13, 1, 12); 
(14, 2, 11); (7, 9) 


5 os 


LOGIC 


aa (OPTIONAL VSS PULL-DOWN) 


VSS 
vss 


e) HIGH SINK-CURRENT DRIVER f) HIGH SOURCE-CURRENT DRIVER 
- VDD 


(1, 5, 12); (2, 9); . 
(11, 4); (8, 13, 10); 


(6, 3, 10); (14, 2, 11); a 
(7, 4, 9); (13, 8, 1, 5, 12) Dos vss 


g) HIGH SINK - AND SOURCE-CURRENT DRIVER h) DUAL BI-DIRECTIONAL TRANSMISSION GATING 
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Typical Performance Characteristics 


BIEN TewPERATURE Tp =aare | 


- SINGLE INPUT ONLY } 


- TWO INPUTS ONLY 


B 
= C - THREE INPUTS 

= _| SUPPLY VOLTAGE reli oat 

(VDD) = 15V 
2 16 = 
3 : 
§ 
a 
> 
~ 
pa ) 
a |. 
= 
pom ] 
Oo 

0 2.5 5.0 7.5 10 12.5 15 

INPUT VOLTAGE (VI) (V) 
FIGURE 3. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- 
TICS FOR NAND GATE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT VOLTAGE (VO) (V) 


DRAIN-TO-SOURCE VOLTAGE (VDS) ”) 


FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


SUPPLY VOLTAGE 


(VDD) = 15V 14 11 VDD 


OUTPUT VOLTAGE (VO) (V) 
SUPPLY MILLIAMPERES (ID) 


12.5 
INPUT VOLTAGE (VI) (V) 


15.0 


FIGURE 7. TYPICAL CURRENT AND VOLTAGE-TRANSFER 
CHARACTERISTICS FOR INVERTER 
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OUTPUT VOLTAGE (VO) (V) 


AMBIENT TEMPERATURE (T,)=425°C | | | 


SUPPLY VOLTAGE 
(VDD) = 15V 


A- SWGINE ic nee ONLY 


B- ONLY 
C- THREE INPU 1S 
* ‘OTHER INPUT 


5.0 ° 7.5 10.0 125 
INPUT VOLTAGE (VI) (V) 


2.5 


FIGURE 4. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- 


TICS FOR NOR GATE 


AMBIENT TEMPERATURE (Ta) = aa 


6.0 —e 0 125 
INPUT VOLTAGE (VI) (V) 


FIGURE 6. MINIMUM AND MAXIMUM VOLTAGE-TRANSFER 


CHARACTERISTICS FOR INVERTER 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE aah 

15 -10 0 
AMBIENT TEMPERATURE (Ta) = +25°C | 
. GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


-15 10 
AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V } 


S 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) _ 


FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
a ae ee z AMBIENT TEMPERATURE (T,)2425°C] | | | | | 
(VDD) = 15V 2 eee 
S & Scie ET 
> 
.) & SUPPLY VOLTAGE (VDD) = YS Ee ea 
: w ele 
F zeae 
2 4 ETT 
Ss E PC 
E é i i 
g Felt © 
: ae ae S 
a ie a 
INPUT VOLTAGE (VI) (V) fab sapeninice noe (pF) 
FIGURE 11. TYPICAL VOLTAGE-TRANSFER CHARACTERIS- FIGURE 12. TYPICAL PROPAGATION DELAY TIME vs LOAD 
TICS AS A FUNCTION OF TEMPERATURE CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 


ey 
er a 104 4 
5 ry 
_t 
= @ 10° & 
ul rt 
S = 107 
: : 
E < 10 v. 
ip Oo 
< a : LOAD CAPACITANCE (CL) = 15pF 
oe (CL) = ce 
2468 2468 2468 2468 2468 2468 
107 10° 104 10° 10& 107 
i SA RESTONGE (CE)ADE) INPUT FREQUENCY (fi) (Hz) 
FIGURE 13. TYPICAL TRANSISTION TIME vs LOAD FIGURE 14. TYPICAL DISSIPATION vs FREQUENCY 
CAPACITANCE CHARACTERISTICS 
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Chip Dimension and Pad Layout 


o— 
= 4-10 
(0.102-0.254) 
54-62 
(1L.372-1.574) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS 4-Bit Full Adder With 


December 1992 Parallel Carry Out 
Features | ; Pinout 
¢ High-Voltage Type (20V Rating). CD4008BMS 
TOP VIEW 


e 4 Sum Outputs Plus Parallel Look-ahead Carry-Output 


e High-Speed Operation - Sum In-To-Sum Out, 160ns 
Typ; Carry In-To-Carry Out, 5ns Typ. At VDD = 10V, 
CL=50pF 


e Standardized Symmetrical Output Characteristics 
100% Tested For Quiescent Current At 20V 


Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 


‘B’ Series CMOS Devices” 


Applications 
¢ Binary Addition/Arithmetic Units 


LOGIC 


Description 


CD4008BMS types consist of four full adder stages with fast 
look ahead carry provision from stage to stage. Circuitry is 
included to provide a fast “parallel-carry-out” but to permit 
high-speed operation in arithmetic sections using several 
CD4008BMS's. 


CD4008BMS inputs include the four sets of bits to be added, (CARRY-IN) 


A1 to A4 and B1 to B4, in addition to the “Carry In” bit from a VoD = 16 *ALL INPUTS ARE PROTECTED | vss 
previous section. CD4008BMS outputs include the four sum VsS = 8 BY CMOS PROTECTION 

bits, S1 to S4. In addition to the high speed “parallel-carry- | | ah ai. 

out” which may be utilized at a succeeding CD4008BMS 

Secuon. TRUTH TABLE 


The CD4008BMS is supplied in these 16-lead outline pack- : 
2905 et SL le ee 
Braze SealDIP =H4T 0 0 0 0 0 
FritSeal DIP = HIF ; : : 
Ceramic Flatpack H6W { , 0 { 0 

0 0 1 0 1 

1 0 1 1 0 

0 1 1 1 0 

1 1 1 1 1 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3292 
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Absolute Maximum Ratings = iS Reliability Information 


DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Oia 8. 
(Voltage Referenced to VSS Terminals) ~ Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
_ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............66- 70°C/W 20°C/W 
- DC Input Current, Any One Input. ..............eceeeeeeee +10mA Maximum Package Power Dissipation (PD) at+125°C | 
Operating Temperature Range..... pis ae Cate -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ................6. +265°C _ Device Dissipation per Output Transistor .............6. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum :. =e 


Junction Temperature .... 62... eee eee eee ee reece +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: 7 -| GrRouPA | © : {ues : 
PARAMETER _| SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS]| TEMPERATURE | MIN | MAX [UNITS 
IDD 


HL 


VDD=18V,VIN=VDDorGND | 3 | 55°C 


VDD = 20 


+25°C 
4125°C 
-55°C 
+25°C 
+125°C 
-55°C 
425°C, +125°C, -55°C 
425°C, +125°C, -55°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
- +25°C 
+25°C VOH> | VOL < 
oee vop/a | VDD/2 
i +125°C 
-55°C 


Input Leakage Current VIN = VDD or GND 


< 
O 
0 
Oo 
< 


fee) 
w 


VDD = 20 


VOL15 {VDD = 15V, No Load 


us 


VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Input Leakage Current VIN = VDD or GND 


Output Voltage 

Output Current (Sink) 
Output Current (Sink) 
Output Current (Sink) 
Output Current (Source 


‘e) 
= 

a=] 
= 
< 
o 
ay 
© 

® 


— 


Output Current (Source 
Output Current (Source 
Output Current (Source 
N Threshold Voltage 
P Threshold Voltage 


Functional 


2 
N 


{<][3]]2 [313] |2 1] f= l=) ] FE 


Input Voltage Low +25°C, +125°C, -55°C 


(Note 2) | OR kal 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 

(Note 2) . 

Input Voltage Low — VIL VDD = 15V, VOH > 13.5V, 425°C, +125°C, -55°C 

(Note2) = | . VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C} 11° 

(Note 2) VOL < 1.5V . 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


_implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE 


425°C | 


+125°C,-55°C | - | 
Propagation Delay TPHL2 {VDD =5vV, VIN = VDD or GND +25°C pera 
Carry In To Cum Out TPLH2 10,11 +¥125°C, -55°C | ga9 | 


pons | 

| ons 

| ons | 

7 pons | 

somite _| ue [ONO | aes — 
Sum In To Carry Out gees | eC ae +125°C, -55°C [540 [ons | 
eee ps 

pons 

pons 


| MAX | UNITS 


512 


OD 
35 
sé 
o& 
OS 
= 
22 
44 
ce 
xI=rc 
ah ah 
< 
iw) 
o 
u 
Oo 
< 
< 
za 
il 
< 
iw) 
oO 
fo) 
aad 
ro) 
za 
So 


a | 


ae 
Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND +25°C =| - =| 200 | 
Transition Time «| TTHL |VDD=5V,VIN=VDDorGnD | 9 | 425c | - | 200 | 
NOTES: 

1. CL = 50pF, RL = 200K, input TR, TF < 20ns. 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


LIMITS 


leer Le sBEPP PbS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
TEMPERATURE 


ee eae 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 


UNITS 


+125°C 


VDD = 15V, VIN = VDD or GND 1 -55°C, +25°C 
Output Voltage +25°C, +125°C, 
-55°C 


VDD = 5V, No Load 


2 
VOL 
VOL 
VOH_ |VDD = 5V, No Load +25°C, +125°C, | 4.95 
-55°C 
VOH | VDD = 10V, No Load +25°C, +125°C, 


VDD = 10V, No Load +25°C, +125°C, 


-55°C 


noeeel bel eed Bell 
emia load winced Tell 
an 
<< 


Output Current (Source) IOH5B {| VDD = 5V, VOUT = 2.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| ewmmveren _|evueo.| __conormons__|_vores_|renenarune || Ha] un 
Output Current (Source) VDD = 10V, VOUT =9.5V ee ee Ee 
naesenl ke i ec 
Output Current (Source) VDD =15V, VOUT = 13.5V el ee ee 
aw, eee ep 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, NM 
aoa all Seceomcimnepae! Mere oad el Ne Mell Ta 
ae Dia acai SIE Set“ el EA 
: | 5 
eee Re ae ee ee 
ml ed en 
infotyoa "| tee ppg] tsp ae 
Tr [voo=tov———S«dT~—its | asto| ‘| 100 | me 
| TH [won id sna | ere | | 00 | ns 
input Capactance | _OIN [aint +t 42 | eso | - | 75 | oF 


NOTES: ; 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | | LIMITS 
PARAMETER SYMBOL CONDITIONS| NOTES | TEMPERATURE UNITS 


1,4 
1,4 


VDD = 18V, VIN = VDD or GND +25°C VOH > 
VDD/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL | aoe | NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time TPHL 1,2, 3,4 +25°C 
TPLH | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, AL = 200K, Input TR, TF <20ns. _ 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sure Curent-si2 | 10> [ria 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 1 (Post Burn-in) IDD, IOL5, IOH5A 
Interim Test 2 (Post Burn-tn) ID, IOL5, IOH5A 
PDA il 
interim Test 3 (Post Burn-in) IDD, 1OL5, IOHSA 


PDA (Note 1 
Group B Subgroup B-5 Subgroups 1, 2, 3, 9, 10, 11 


Group D Sample 5005 1, 2, 3, 8A, 8B, 9 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroups 1,23 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 : eel 
METHOD PRE-IRRAD POST-IRRAD 
ee 


READ AND RECORD 
PRE-IRRAD POST-IRRAD 
Table 4 


CONFORMANCE GROUPS 
Group E Subgroup 2 


- 
© 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


1-7, 9, 15, 16 


Dynamic Burn- 
In Note 1 
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Specifications CD4008BMS. 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


a a 
-FUNCTION GROUND 9V.+-0.5V 
Irradiation . 10-14 1-7, 9, 15, 16 
Note 2 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K +t 5%, VDD = 18V + 0.5V. 


2. Each pin except VOD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V +0.5V 


Typical Propagation Delay 


2(60) + 9 + 155 


$13-16 50+50+90+155 o/c). Co) 4 (Si- CO) + (Cl- SO) = 345 


50 2 23~—« 155 


S9-12 50+90+ 155 (Ci - CO) + (Si- CO) + (Ci- SO) 


S5-8  904+155 (SI - CO) + (Ci - SO) =90 + 155 


Si-4 160 (Si- SO) 


ALL SUMS SETTLED AFTER 345ns 


FIGURE 1. PROPAGATION DELAY FOR A 16 BIT ADDER (10V OPERATION) 
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CD4008BMS 


Typical Performance Characteristics . 


wo LLL 
a 
pe 


SUM-IN TO SUM-OUT PROPAGATION DELAY TIME 
(tPHL, tPLH) (ns) 


0 20 40 +60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 2. TYPICAL SUM-IN TO SUM-OUT PROPAGATION 
DELAY TIME vs LOAD CAPACITANCE 


[AMBIENT TEMPERATURE (Ta)=s25°¢ | || 


OC GO 


CARRY-IN TO CARRY-OUT PROPAGATION 
DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 4. TYPICAL CARRY-IN TO SUM-OUT PROPAGATION 
DELAY TIME vs LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) =. 425°C . 
GATE- TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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CARRY-IN TO CARRY-OUT PROPAGATION 
DELAY TIME (tPHL, tPLH) (ns) 


0 20 60 80 100 120 140 
He CAPACITANCE (CL) (pF) 


FIGURE 3. TYPICAL CARRY-IN TO CARRY-OUT PROPAGA- 
TION DELAY TIME vs LOAD.CAPACITANCE 


L AMBIENT TEMPERATURE Ta)s+25°¢ | | | | 


= 
otrrerr teeth 
se Lilt tt Ait 
3 a ae 
oe UL UL aT 
fg wo A 
se LTT IT 
2% of tt eet TET 
ce er tet | Tt 
a eer 
e “LETT TTT TT tt tt tt 
COPE 


0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL SUM-IN TO CARRY-OUT PROPAGATION 
DELAY TIME vs LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) My 
-15 -10 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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CD4008BMS 


Typical Performance Characteristics (Continued) 


| AMBIENT TEMPERATURE (Ta) 425°C fi 


— 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V 7 : 
# . i 
& % oc 
3 ss Fa} 
=* = 
- 10 5 f 
E E 
ro) 
0 10 15 | | 
- DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 8. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 9. MINIMUM OUTPUT LOW (SINK) CURRENT 


- CHARACTERISTICS — -CHARACTERISTICS | 


AMBIENT TEMPERATURE (Ta) = +25°C j= 
PL A Ae A A A 


Sf 


MEARE 
immo 

ill 

Bell 


OAD CAPACITANCE (CL) = 15pF 
(CL) = SOpF°--- 


10 10? 10° tof 
INPUT FREQUENCY (f¢) (kHz) 


FIGURE 10. TYPICAL DISSIPATION CHARACTERISTICS 


POWER DISSIPATION/PACKAGE PO) (uw) 


ae 
— 
i 
= 
a 
att 
e 
~~ 


mh 


a 


Chip piueengiigs ae os Ae 


80 86 
_! 


PASSIVATION: . 10.4kA - 15.6kA, Silane 
oor-2: 209) 


Pe eee a C BOND PADS: 0.004 inches X 0.004 inches MIN 
BCT a aac 
ie ih 


i mae : Se et 
ie Uae. a re METALLIZATION: Thickness: aaa! 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o— 


| : 4-10 
(0.102-0.254) ; 
83-9! 
, (2.108-2.311) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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go harRRsS CD4009UBMS 


CMOS Hex Buffers/Converter 


December 1992 


Features | Pinout 


e inverting Type CD4009UBMS 
TOP VIEW 


¢ High-Voltage Type (20V Rating) 
e 100% Tested for Quiescent Current at 20V 


¢ Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 10nA at 18V and +25°C | 
e 5V, 10V and 15V Parametric Ratings 


Applications 
¢ CMOS To DTL/TTL Hex Converter 
° CMOS Current “Sink” or “Source” Driver ne ano COnnEc On 
e¢ CMOS High-to-Low Logic-Level Converter 
¢ Multiplexer - 1 to 6 or 6 to 1 Functional Diagram 
Description ; P 
CD4009UBMS Hex Buffer/Converter may be used as a _e bp ~e 
CMOS to TTL or DTL logic-level converter or a CMOS high- 
sink-current driver. 5 > 4 a 
B H=B 

The CD4049UB is the preferred hex buffer replacement for 
the CD4009UBMS in all applications except multiplexers. 7 6 O 
For applications not requiring high sink current or voltage c L>— 1=C 8 
conversion, the CD4069UB Hex Inverter is recommended. eal 
The CD4009UBMS is supplied in these 16 lead outline pack- D 9 10 <5 
ages: | = 13 = 
Braze Seal DIP H4S | 41 12 
FritSealDIP _H1E ae, oe K=E 
Ceramic Flatpack H3X VSS o— 

16 14 15 = 

NC = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. | FileNumber 3293 
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Specifications CD4009UBMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ....... ++. °0.5V to VDD +0.5V 

DC Input Current, Any One Input.......... Deg Poured eas ak +10mA 

_ Operating Temperature Range............... . -55°C to +125°C 

Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C - 

Lead Temperature (During Soldering) .............008- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 a LIMITS 
| GROUP A , 7 
PARAMETER _| SYMBOL CONDITIONS (NOTE 1) |SUBGROUPS| TEMPERATURE | MIN | MAX | 


VDD = 20V, VIN = VDD or GND 


Input Leakage Current HL VIN = VDD or GND 


< 
ws) 
Oo 
I 
oh 
© 
< 


Input Leakage Current IIH VIN = VDD or GND 


VOL15 
VOH15 
IOL5 


Output Current (Sink) 
Output Current (Sink) 
Output Current (Sink) 


urrent (Source 


fo Ke) 
cic 
s|6 
g{s 
s|s 
eo 
mo | > 
qa ia 
@o1o 


O 
= 
s 
= 
?) 


Output Current (Source 
IOH10 
IOH15° 
VNTH 
VPTH 


Output Current (Source 


— 


VDD = 15V, VOUT = 13.5V 
VDD = 10V, ISS = -10HA 


Output Current (Source 
N Threshold Voltage 

P Threshold Voltage 
Functional 


—— 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limi 


implemented. 
2. Go/No Go test with limits applied to inputs 


VDD:=18V,VIN=VDDorGND | 3 | 


VDD = 20 


VDD = 20 


VDD = 18V 


~ Reliability Information 


Thermal Resistance ................ Gia 8 
Ceramic DIP and FRIT Package..... 80°C 20°C/W 
Flatpack Package ...........+ee6. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 7 
For TA = -55°C to +100°C (Package Type D, F, K) .......500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature 0.0... ec cee ee eee ence ences +175°C. 


SEE eae ae 
ee ee 
-55°C 
+25°C 

+125°C 
-55°C 
+25°C 
+125°C 
-55°C | 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


2) 


14.95 


elalelelel (| |: lelelalel || [+[3]- 
: Sc 
BEBBBEEREE oo RuouEe 


= 
N 


VOH>} VOL < 
VDD/2 | VDD/2 


8°) 


i?) 


+25°C, +125°C, -55° 4 


+25°C, +125°C, -55° 


2) 


+25°C, +125°C, -55° 


2) 


QO 


- 


is 0.050V max. 
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Specifications CD4009UBMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
™ 
m 


NOTES: 
1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


GROUP A 
SUBGROUPS 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL eons NOTES 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 1;2 
Output Voltage fad = 5V, 


VDD = 15V, VIN = VDD or GND 
Output Voltage Re VDD = 10V, No Load 


LIMITS 


efeleltele elle te) PPP 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


LOGIC 


VOL {VDD=5V, No Load 

‘VOL 
Output Voltage VOH_ |VDD = 5V, No Load 4.95 
Output Voltage VOH {| VDD = 10V, No Load 
Output Current (Sink) IOL4 
Output Current (Sink) IOLS =| VDD =5V, VOUT = 0.4V 1,2 
Output Current (Sink) lIOL10 | VDD = 10V, VOUT = 0.5V 
Output Current (Sink) 1OLi5 | VDD = 15V, VOUT = 1.5V 


VDD = 4.5V, VOUT = 0.4V 


2.1 
3.75 


16 


o 


Output Current (Source) lIOH5A | VDD = 5V, VOUT = 4.6V 
Output Current (Source) IOH5B +{ VDD = SV, VOUT = 2.5V 
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TABLE. 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | ee , LIMITS 
PARAMETER SYMBOL} — CONDITIONS NOTES |TEMPERATURE| MIN | MAX. | 
Output Current (Source) ae VOUT =9.5V #125°C | - | -0.33 | mA | 


.@) 


Input Voltage High VDD = 10V, VOH > 9V, VOL < _ +25°C, +125°C, 


< 


Output Current (Source) VDD =15V, VOUT = 13.5V +125°C 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < +25°C, +125°C; 
1V -55°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 


Propagation Delay TPHL | VDD = 10V, VCC = 10V 
a VDD = 15V, VCC = 15V 
Propagation Delay TPLH | VDD =10V, VCC = 10V 
ine VDD = 15V, VCC = 15V 
Propagation Delay TPHL |VDD=10V, VCC =5V 
at VDD = 15V, VCC = 5V 


Propagation Delay PLH [|VDD=10V, VCC =5V 
. 2 . VDD = 15V, VCC = 5V 


Transition Time TTHL | VOD=10V 
VDD = 15V 
Transition Time 7 TTLH |} VDD=10V 

| VDD.= 15V 


VIL 
VIH 
- 


1,2,3 
1,2,3 


> 
5 
< 
5 
= | 
= 
- 


() 
@) 
Oo oO 


Bo] 


Input Capacitance CIN 
NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL ‘CONDITIONS NOTES _ | TEMPERATURE 


Supply Current | DD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VNTH . | VDD = 10V, ISS =-10pA - 
A 


|_MIN | 

as 

28 | 02 | Vv | 
Delta . : 

| o2 | 28 | Vv 


PARAMETER 


P Threshold Voltage VPTH | VSS = OV, IDD = 10pA 


VSS=0V,IDD=10uA | 
Delta — | | 
Functional / 1 +25°C VOH > | VOL < V 
| Ree |e [te |S 
Propagation Delay Time aie VDD = 5V, VCC = 5V 
P 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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Specifications CD4009UBMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Curent-wsi1 | woo roma 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[POA Woe) ~~ sooe | SDs SSCS 
[POA Wotet) dt sooms00e [a Domes] 
Frartes _———~4dttoomscos [aan PS 
[coup —*d Sane 00s | kar enenoian~ 
ee ee re en 
[Sampiesoos | 42,9,0,00,0 _[Sioguumen2a ——~*d 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 | TEST 7, READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD {| PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-In1 | 2, 4, 6, 10, 12, 13, | 3,5, 7-9, 11, 14 
Note 1 15 
Static Burn-In2 | 2, 4, 6, 10, 12, 13, 1,3, 5, 7,9, 11, 14, 
Note 1 15 16 
Dynamic Burn- 2,4, 6, 10, 12,15 | 3,5, 7,9, 11, 14 
In Note 1 
Irradiation | 2, 4, 6, 10, 12, 13, 1,3, 5, 7,9, 11, 14, 
Note 2 15°. = 16 


1. Each pin except VDD and Pin 1 and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V_ 


2. Each pin except VDD and Pin 1 and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 
failures, VDD = 10V + 0.5V 


CD4009UBMS 


Schematic Diagram 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


- INPUT 
— VDD OUTPUT vcc 
GND LI GND 
CONFIGURATION: 
HEX COS/MOS TO DTL OR TTL 
CONVERTER (INVERTING) 


WIRING SCHEDULE: 
CONNECT VCC TO DTL OR 


LSU 
CONNECT VDD TO COS/MOS 
“= VSS SUPPLY 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta)=+25°C es MAX 


64 


"ware MIN 
_ 8 — votTS (WEED E ey = 5 5 "NYG suppty voits(vpp)=1sv [| | 
: J TEST CONDITION: VCC = 5V = i 

o 4 fe 4 
ar} ond) 
9 9 
= 3 
- 3 5 
p> ] a 
Ee 5 
o 2 re) 

4 1 

0 2 4&4. Th 12 14 4 6 8 
NPUL one (VI) INPUT VOLTS (VI) 
FIGURE 1. MINIMUM AND MAXIMUM VOLTAGE TRANSFER ~~ FIGURE 2. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS FUNCTION OF TEMPERATURE 


AMBIENT TEMPERATURE (Ta) = +25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ID = -0.3%/°C 


AMBIENT TEMPERATURE (Ta) = +25°C 
Wi VOLTAGE (VGS) = 15V 


| |7 a 
-A{tt {ttt 
[beat ™, LL 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


oe 0 5 10 15 20 
DRAIN-TO-SOURCE VOLTS (VDS) Dh Aleiosluace verse 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISITICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
7 6 5 -# 3B 


2 4 0 7 6 &§ «+ 3 2 A 0 


GATE-TO-SOURCE - 
VOLTAGE (VGS) = -5V 


= 
-; | 


ry 
UTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


-12 


fl 1 INN 


|__| AMBIENT TEMPERATURE (Tq) = +25°C 3 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS - CHARACTERISTICS 


HIGH-TO-LOW PROPAGATION DELAY TIME 
tPHL (ns) 


LOGIC 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pf) 


0 20 40 60 80 100 120 


LOW-TO-HIGH PROPAGATION DELAY TIME (tPLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL LOW-TO-HIGH PROPAGATION DELAY . FIGURE 8. TYPICAL HIGH-TO-LOW PROPAGATION DELAY 
TIME vs LOAD CAPACITANCE TIME vs LOAD CAPACITANCE 


AMBIENT TEMPERATURE (T,) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C 


HIGH-TO-LOW TRANSITION TIME 


LOW-TO-HIGH TRANSITION TIME 
(tTLH) (ns) 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pf) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL LOW-TO-HIGH TRANSITION TIME vs FIGURE 10. TYPICAL HIGH-TO-LOW TRANSISTION TIME vs 
LOAD CAPACITANCE LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


108 =a 
= 4 Cr 
ei, a ail 
E * al 
:2 10° Se 
ge : Tr 
t ms Ral 
ui ea 
ae Bll 
a 107 
a ¢ Be 
oc 4 200 
5 5 —— LOAD CAPACITANCE (CL) = 50pF 

: CL = 15pF 
10 


10 2 4 ©8492 2 4 68459 2 4 68408 
INPUT FREQUENCY (fo) kHz 


FIGURE 11. TYPICAL DISSIPATION CHARACTERISTICS 


Chip Dimensions and Pad Layout 


50— 
40— 
3o— 
50~58 


B (1.270-1.473) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 | | CMOS Hex Buffer/Converter 
Features Pinout 
¢ Non-Inverting Type CD4010BMS 


TOP VIEW 


¢ High-Voltage Type (20V Rating) 
100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 
e 5V, 10V and 15V Parametric Ratings 


Applications 
e CMOS To DTL/TTL Hex Converter 
e CMOS Current “Sink” or “Source” Driver NE SO CONNECTION 
e CMOS High-to-Low Logic-Level Converter 
¢ Multiplexer - 1 to 6 or 6 to 1 Functional Diagram 
Description ‘ - 
CD4010BMS Hex Buffer/Converter may be used as CMOS . > aan 
to TTL or DTL logic-level converter or CMOS high-sink-cur- 
rent driver. = 5 > 4 HeB 
The CD4050B is the preferred hex buffer replacement for the 
CD4010BMS in all applications except multiplexers.The | | ‘ 3 oO 
CD4010BMS is supplied in these 16 lead outline packages: c L>— i=C 5 
Braze Seal DIP. H4S = 
Frit Seal DIP HiE oe S46 
Ceramic Flatpack H6W Nese 

vss o— 

16 14 15 
VDD o— F LoF 
NC = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3078 
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Specifications CD4010BMS 


‘Absolute Maximum Ratings. Reliability Information. 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia 0, 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ..... eG Sand ...°0.5V to VDD +0.5V Flatpack Package ..............6: 70°C/W 20°C/W 
- DC Input Current, Any One Input.......... eeeteas eueaees +10mA Maximum Package Power Dissipation (PD) at +125°C ha), 
‘Operating Temperature Range: ............... -55°C to +125°C For TA = -55°C to +100°C (Package Type D,F,K) ...... 500mW 
Package Types D, F, K, H a For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) ..............00+ +265°C _ Device Dissipation per Output Transistor .......... eee. 100MW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) — 
10s Maximum Junction Temperature 0.0... cece eee e eee eee e een eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | _| SYMBOL CONDITIONS (NOTE 1) 
st VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND |VDD=20 


GROUP A TS 


77) 
Cc 
a) 
G) 
= 9) 
,e) 
c 
a) 
” 
a. 


TEMPERATURE ITS 
425°C. 4 
+125°C 
-55°C 
+25°C 
+125°C 
~55°C 
+25°C 
+125°C 
-55°C 
425°C, +125°C, -55° 
+25°C, +125°C, -55° 
—  -+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C VOH>j VOL < 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Input Leakage Current 


Input Leakage Current VIN=VDDorGND |VDD=20 


7 VDD = 18V 
VDD = 18V 

VOL15 {VDD = 15V, No Load 
VOH15 {VDD = 15V, No Load (Note 3) . 


VDD = 15V, VOUT = 1.5V | 
ouput Curent Souco)] 1OHEA [VOD =v, VOUT =4ev 
ouputCuret Source] 1OHSS [VOD = ev, VOUT=26v 

Towra |voo= 10v, vour=95v 


N iZ2/c 
= 


i?) 


P Threshold Voltage VPTH |VSS = OV, IDD = 10uA 


{vDD= 18V, VN= VOD or ND _| 
= 


< 
o 
~ 
< 
S 
ns 


O 
e 
cS 
= 
@) 
c 
re) 
= 
G 
5 
Zz 
a 
= 
on 
< 
oO 
oO 
iT] 
ou 
SS 
< 
@) 
Cc 
| 
u 
fo) 
as 
< 


Q 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage High VIH_ 4VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 


QO 


2) 


1+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


‘?) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay TPHL |VDD=5V,VIN=VDDorcnD | 9 | +5 | - | 130 | ns | 
| 10,11 | +125°c,-5%c | - | 175 | ons | 


Propagation Delay TPLH ]VDD=5V,VIN=VDDorGND | 9 | +25 | - | 200 | 
Transition Time TTHL [VDD=5V,VIN=VDDorGND {| 9 | 4258 | - | 70 | 
a ld a ee ee 
= BV, VIN = Ewes ef eee 

Lt] ee Bea 


Transition Time VDD = 5V, VIN = VDD or GND +25°C 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | ie | NOTES _ 
Supply Current 7 VDD = 5V, VIN = VOD or GND 


LIMITS 


Cc 
= 
+ 
” 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C 
+125°C 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


lef tele lel ele <del Eb Ep 


120 


Output Voltage VDD = 10V, No Load 


ied 


4.95 


Output Voltage VDD = 10V, No Load 


IOL4 =| VDD = 4.5V, VOUT = 0.4V 


VDD = 15V, VOUT = 1.5V 


Output Current (Sink) 


1.8 


2.1 
3.75 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


ASPB BSA 
Q 
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TABLE. 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) | 
: 
. PARAMETER SYMBOL NOTES §|TEMPERATURE| MIN | MAX | UNITS 


Output Current (Source) 
fechas bagel i ee 
Output Current (Source) are VDD =15V, VOUT = 13.5V aa 125°C 
| | src 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V ee 
| — e | -55°C 
Input Voltage High VDD = 10V, VOH > QV, VOL < 1V eee 7 


Propagation Delay TPHL [VDD = 10V, VCC = 10V J 1423 | 425°C | 


7 


o 


VDD = 15V, VCC = 15V 


Propagation Delay TPLH | VDD = 10V, VCC = 10V 


io) 


Propagation Delay TPHL | VDD = 10V, VCC =5V 
| vet VDD = 15V, VCC = 5V 

Propagation Delay TPLH | VDD =10V, VCC =5V 
| | fgsolt VDD = 15V, VCC = 5V 


Transition Time VDD = 10V 723 | 20 


cS 
oS 


N 


VDD = 15V 
Transition Time TTLH }|VDD=10V 
[vob = 15v 
Input Capacitance CIN Any Input 
NOTES: . : 

1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


o 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
SYMBOL NOTES TEMPERATURE 


Supply Current | DD | VDD = 20V, VIN = VDD or GND 
A 


PARAMETER 


N Threshold Voltage | VNTH | VDD = 10V, ISS =-10pA | 44 [45°C 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 


Delta . 


P Threshold Voltage VPTH {VSS = OV, IDD = 10 — 


P Threshold Voltage AVPTH |VSS = OV, IDD = 10pA 
Delta 3 oo 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > 
VDD = 3V, VIN = VDD or GND VED 
Propagation Delay Time TPHL | VDD =5V, VCC = 5V 
. TPLH 


NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Suny Gurent-wsi1 [100 |roma 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


A 
1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas 


1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


CONFORMANCE GROUPS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-In1 | 2, 4,6, 10, 12, 13, | 3, 5, 7-9, 11, 14 1,16 
(Note 1) 15. 
Static Burn-in2 | 2, 4, 6, 10, 12, 13, 1,3,5,7,9, 11, 14, 
(Note 1) 15 16 


Dynamic Burn- 1 2,4,6, 10, 12,15 | 3,5, 7,9, 11, 14 
In (Note 3) 

2, 4, 6, 10, 12, 13, 1,3,5,7,9, 11, 14, 
Note 2) 15 16 


1. Each pin except VDD and Pin 1 and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V - 


2. Each pin except VDD and Pin 1 and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 
failures, VDD = 10V + 0.5V 


3. Each pin except VDD and Pin 1 and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 
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Schematic Diagram 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


CONFIGURATION: —_s_| 
OS TO DTL OR TTL 
CONVERTER (NON-INVERTING) ~ 


OUTPUT | L pai 


‘Lj. GND N WIRING SCHEDULE: 
CONNECT VCC TO DTL OR 
TTL SUPPLY . 
CONNECT VDD TO COS/MOS 
. SUPPLY 


= vss 
Typical Performance Characteristics 
AMBIENT TEMPERATURE (Ta) = +25°C © 
COLLECTOR SUPPLY VOLTAGE (VCC) = +5V 
AMBIENT TEMPERATURE (Ta) = +25°C 
COLLECTOR SUPPLY VOLTAGE (VCC) = 5V Be ess dhe a i a 
DRAIN SUPPLY VOLTAGE (VDD) = 5V 
fo} o 
= oe 4 
g | 
5 i v 
fe} Oo 3 
3 : an 
p | 
E E 
3 3 ae 
Pl 
Eeculla 
INPUT VOLTAC L 2 4 6 8 10 
| ibaa aes | INPUT VOLTAGE (VI) 
FIGURE 1. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 2. MINIMUM AND MAXIMUM VOLATGE TRANSFER 
CHARACTERISTICS (VDD = 5) _ CHARACTERISTICS (VDD = 10) 


AMBIENT TEMPERATURE (Ta) = +25°C 
COLLECTOR SUPPLY VOLTAGE (VCC) = +5V 
DRAIN SUPPLY VOLTAGE (VDD) = +15V 


& 


OUTPUT VOLTAGE (VO) 
OUTPUT VOLTAGE (VD) 
o 


INPUT VOLTAGE (VI) INPUT VOLTAGE (VI) 


FIGURE 3. MINIMUM AND MAXIMUM VOLATGE TRANSFER FIGURE 4. TYPICAL VOLATGE TRANSFER CHARACTERIS- 
CHARACTERISTICS (VDD = 15) ‘TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR ID = -0.3%/°C 


AMBIENT TEMPERATURE (Ta) = +25°C 
Le 7 GATE-TO-SOURCE 


= / VOLTAGE (VGS) = 15V staf 
vaneneen 
pera, 
- cesta eilld 
Yiiliiti | 


GATE-TO-SOURCE 
VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


14 


Senin oa ecuane waaay vo8) . DRAIN-TO-SOURCE VOLTS (VDS) 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-7 46 5 4 3 -2 “1 


GATE-TO-SOURCE 
VOLTAGE (VGS) 3-5V | _J 


IGH (SOURCE) CURRENT (IOH) (mA) 


BBA 


.) 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


ie ae a Fe, ed 


9 
-10 = -10 
“11 = 

FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 

CHARACTERISTICS CHARACTERISTICS 

E 120 B 

= (Ta) = +25°C =) 

= 2 

= 100 eens VOLTAGE (VDD) = 5V y 

% es a A a % 

Be 1} wv |} + re 

S a ae ee ee 2 eee z 

& 60 ot ay PL & 

on ae ee ee = 

2 of toe | | tli 

i i; eee EE (a Se : 

eae a a NG a Ra el 

F LI | | [ [ | f a 

S 0 20 40 60 80 100 120 g 

LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL LOW-TO-HIGH PROPAGATION FIGURE 10. TYPICAL HIGH-TO-LOW PROPAGATION 
DELAYTIME vs LOAD CAPACITANCE DELAYTIME vs LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) = 


AMBIENT TEMPERATURE (Ta) = +25°C 


mit 


Ss & 


| atl 


FIGURE 11. TYPICAL LOW-TO-HIGH TRANSITION TIME vs FIGURE 12. TYPICAL HIGH-TO-LOW TRANSITION TIME vs° 
LOAD CAPACITANCE LOAD CAPACITANCE a 


104 


HIGH-TO-LOW TRANSITION TIME 
((THL) (ns) 
& 
So 


| 
Bl 
aT 


LOW-TO-HIGH TRANSITION TIME (tPLH) (ns). 


0 10 20 30 40 50 60 70 80 90 100 


= 
o . 
a2aaw nv 


POWER PER INVERTER/BUFFER (:W) 
aa @ RQ » 


2 4 68,92 2 4 6 8,53 2 4 6 8504 


. INPUT FREQUENCY (f¢) kHz 
FIGURE 13. TYPICAL DISSIPATION CHARACTERISTICS 


Chip Dimensions and Pad Layouts 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane - 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


50-58 
(1.270 -1.473) 


eee 4-10 
(0.102-0. 
as 70-78 

~ (L778~1.981) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10% inch) 
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-CD4011BMS, CD4012BMS 
w ARS CD4023BMS 


December 1992 : CMOS NAND Gates 
Features Pinouts 
e High-Voltage Types (20V Rating) . CD4011BMS 
TOP VIEW 


¢ Propagation Delay Time = 60ns (typ.) at CL = 50pF, 
VDD = 10V | 


Buffered Inputs and Outputs 
e Standardized Symmetrical Output Characteristics 


e¢ Maximum Input Current of 1A at 18V Over Full Package- 
Temperature Range; 100nA at 18V and +25°C 


100% Tested for Maximum Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Noise Margin (Over Full Package Temperature Range): 

- 1V at VDD =5V 

- 2V at VDD =10V CD4012BMS 
TOP VIEW 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Description 


CD4011BMS - Quad 2 Input 
CD4012BMS - Dual 4 Input 


CD4023BMS - Triple 3 Input 18} NC 
NC =x NO CONNECTION 


LOGIC 


CD4011BMS, CD4012BMS, and CD4023BMS NAND gates 
provide the system designer with direct implementation of CD4023BMS 
the NAND function and supplement the existing family of TOP VIEW 
CMOS gates. All inputs and outputs are buffered. 


The CD4011BMS, CD4012BMS and the CD4023BMS is 
supplied in these 14 lead outline packages: 


CD4011B CD4012B CD4023B 


Braze Seal DIP H4Q H4H H4Q 
Frit Seal DIP H1iB HiB H1B 
Ceramic Flatpack H3w H3W H3w 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3079 


Copyright © Harris Corporation 1992 7-699 


- ©D4011BMS, CD4012BMS, CD4023BMS 


Functional Diagrams 


CD4011BMS 


CD4023BMS 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ..............-. -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs -............ -0.5V to VDD +0.5V 

DC Input Current, Any One Input................. Weeusae +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............06. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information | 


Thermal Resistance ................ Oia Qi. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 7O°CIW 20°C /W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

. | Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature .. 0... ce cece cece eee eee es +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


Input Leakage Current 


ee VIN = VDD or GND 


HL 
e) 


Output Current (Source) 


IOH5A = |VDD = 5V, VOUT = 4.6V 
Output Current (Source ; 


N Threshold Voltage 


Functional 


Input Voltage High 
(Note 2) 

Input Voltage Low 
(Note 2) 
Input Voltage High 
(Note 2) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


‘GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
wi VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND- |VDD=20 


VDD = 20 


|| ons |voD=sv, vouT=25v___ 

Output Current (Source) } 1OH10 |VDD=10V,VOUT=9.5V 
PTveshold Votage | VPTH [VSS=0V,10D= 100A | 
VOD = 2.8, VIN= VOD ar GND _| 

eA 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
VDD = 5V, VOH>4.5V, VOL<0.5V! 1,2,3 


LIMITS 


Hl 
< 
= 
2) 


al |e 


TEMPERATURE 
- +25°C | 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-§5°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55°C} 14. 
+25°C 
+25°C 
(+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55°C 


ERE 


n. 
n 


A 
A 
nA 
nA 
nA 


QO 


| 
< 


1,2,3 
1,2,3 


ise) 


_ 
> 8 
oa oO 


1 A 


VOH> {| VOL < 
VDD/2 | VDG/2 


© 
~ 


© 
18e) 


| 88 


+25°C, +125°C, -55° 


50 | 
eid 
ee 
eee 
0.53 | 
1.8 | 
eee 
38 | 
: 


I 


+25°C, +125°C, -55° 


| <| < 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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z | TPLH 


Transition Time VDD = 5V, VIN = VDD or GND ae 
-TTLH 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
ii Te 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
| -55°C 


LIMITS 


UNITS 


“Ni 
164] 


-55°C 
+125°C 
-55°C 


VOL +25°C, +125°C, 
| -55°C 
Output Voltage VOH | VDD = 5V, No Load +25°C, +125°C, 
: | -55°C 
Output Voltage VDD = 10V, No Load A ee 
Output Current (Sink) 1OL5 | VDD = 5V, VOUT = 0.4V oS 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
-55°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 4 +125°C 
| 55°C 


+125°C 
-55°C 

+125°C 
-55°C 

+125°C 
-55°C 

+25°C, +125°C, 

-55°C 


+25°C, +125°C, 
-55°C 


-1.15 


lel leets bell «lL PREP BRE 


Output Current (Source) nauk VDD = 10V, VOUT = 9.5V 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High = 


-55°C 
Output Current (Source) ane VDD = 5V, VOUT = 2.5V 


NO 


+25°C, +125°C, 
Output Current (Source) ioe VDD = 5V, VOUT = 4.6V +125°C 


7 


VDD = 10V, VOH > 9V, VOL < 1V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL ; ie | NOTES | |TEMPERATURE| MIN | MAX | UNITS 


Henman G:'<0 |= =~ saemenemcn cs aS 

mH [woos =| eT 
[input Capacitance | GN [awit «tne fasted 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES |TEMPERATURE| MIN | 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10HA 


| MAX _| 

| 25 | 

| |_VNTH | 02 

tinal bial ld cll A OS Gel 
Delta 

ia 


P Threshold Voltage VPTH |VSS=OV, IDD = 10pA 


| 02 | 
oe eee 
Delta 
Functional F +25°C VOH > | VOL< 
Pet Aeetanmcmeoee] | [See | too 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


+1 
+1 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[ PoAWWoet) +t —s00%so0n | ibe 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MiL-STD-883 
CONFORMANCE GROUP . METHOD GROUP A SUBGROUPS READ AND RECORD 


GroupB —_—_-: | Subgroup B-5 Sample 5005 1,2, 3, 7, 8A, 8B, 9,10, 11, Deltas. | Subgroups 1, 2, 3, 9, 10, 11 , 


IGroupD == = —s~s Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1,23 _ 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD | POST-IRRAD = 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


PART NUMBER CD4011B 
Static Burn-in 1 

Note 1 

Static Bum-in2 3, 4, 10, 11 7 1, 2, 5, 6, 8, 9, 
Note 1 . 12-14 


Dynamic Burn- 
In Note 1 


Irradiation 7 1, 2, 5, 6, 8, 9, 
Note 2 12-14 


PART NUMBER CD4012B 


Static Burn-in 1. 2-5,7,9-12 14 

Note 1 

Static Burn-In2 1,6, 8, 13. 7 2-5,9- 12, 14 
Note 1 . 


Dynamic Burn- 
In Note 1 


Irradiation 7 
Note 2 . 
PART NUMBER CD4023B 7 


Static Burn-In 1 
Note 1 


Static Burn-In2 
Note 1 


Dynamic Burn- 
In Note 1. 


Irradiation 


za 
2 
© 
nm 


NOTE: . 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Schematic and Logic Diagrams 


14 9 VDD 


4* 
(8, 6, 13) 
9* 
(9, 5, 12) _ 4, 11) 
vDD : : 


*ALL INPUTS ARE PROTECTED. 
VSS BY CMOS PROTECTION NETWORK 


1 OF 4 GATES (NUMBERS 
IN PARENTHESES ARE 
TERMINAL NUMBERS FOR 
OTHER GATES) 


1(8, 6,13) 


(10, 4, 11) 


2(9, 5, 12) LOGIC DIAGRAM 


CD4011BMS 


1 OF 2 GATES (NUMBERS 
IN PARENTHESES ARE 
TERMINAL NUMBERS FOR 
OTHER GATES) 


VDD | 14 

3*(1, 11) ¢ = P 

P n 
k= 
4*(2, 12) ¢ P 
PP yon 

p 

5*(8, 13) o P 


1 ee 


VoD 


n n nj} 
VSS 07 
Tig 
*ALL INPUTS ARE PROTECTED TE SREN AL NUMBERS FOR 
BY CMOS PROTECTION NETWOR OTHER GATES) . 
3(1, 11) 
4(2, 12) 
(9, 10) 
5(8, 13) LOGIC DIAGRAM 
CD4023BMS 


2(12) 8) 
1G) 
e) 
3(11) J 
13 
4(10) (13) 
LOGIC DIAGRAM 
5(9) 
VDD 
P vss 
1 
n] (13)  *ALLINPUTS ARE PROTECTED 
BY CMOS PROTECTION 


NETWORK 
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Typical Performance Characteristics 


= 


paramore] TT |g (ar ee 
= 4 
ral 2 SUPPLY VOLTAGE (VDD) = 15V B 
syne | TL] & zt 
& wi 104 tt 10v 
os Pea 4 HF tov 4 "6 
S o 4 | | Tit HOT rt 
: - : a ea 
< = 10? mall NAIA, A 
= ro) 8 TT ON A a 
° E : i) ge | 
- a me 
a D 2 
5 2 10? Modes 
3 « & 
> : CL = 50pF am 
fe] 
a 2 CL = 15pF tus 
10. | 
2 468 2 468 2468.2 468 
1 10 1 10 1 
INPUT VOLTAGE (VI) (V) , INPUT FREQUENCY (fl) (kHz) 
FIGURE 1. TYPICAL VOLTAGE TRANSFER FIGURE 2. TYPICAL POWER DISSIPATION CHARACTERIS- 


CHARACTERISTICS TICS 


AMBIENT TEMPERATURE (Ta) = +25°C a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


10.0 

7.5 

5.0 

2.5 

10 1 0 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | . CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 $5 0 “15 -10 


AMBIENT TEMPERATURE (Ta) = +25°C < AMBIENT TEMPERATURE (Ta) = +25°C. 4 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 3 GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
Ld 
-10 E E 
15 & 
-20 W 
a " 
5 5 
30 5 = 
=) =) 
a. 
: 3 
re) 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


200 


AMBIENT TEMPERATURE (Ta) = +25°C 


175 


PROPAGATION DELAY TIME PER GATE 
(tPHL, tPLH) (ns) 
° 
eo 
TRANSITION TIME (tTHL, tTLH) (ns) 


75 
50 —t , 
a eS 
? 0 
10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME PER GATE FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
AS A FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE 


Chip Dimensions and Pad Layouts 
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1 57-65 
(1.448-1.651) 


ae nwa a wt 1. iy 
“sa “ ts , + 7 a” fA 
m G i s J yea wine tne we des 
a 
errno ‘ " a 
' oe 2 : ‘ . . 
4 vid / 4 ; 
4 , ‘ “3 ¥, 
ry ¥ BAe 
wend 
, ' een i 
\ y 
ue sit, ‘ fac 
om h fel she 1 i 
i 20—f 
ie it ‘ z 
a = : p 
“ ‘ ul 
: d 
! 
im . 
> gain io ¥ 
" " 2 ‘B 4 Fy 
y n 


2 ae 


a to 7 2 o— ee Nag ada Sa Tae ate hc SR aya ser 
| *~(0.102-0.254) 7 = a enes 
102-0.254 
61-69 
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(1.667-1.879) 
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o 8610) 6200CO 30 40—s 500—s« 6©O_—Cséb 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
ecm EM aT ve 57-65 

3O-Fe eTTT Til i (Va? Fras (1448-1651) PASSIVATION: 10.4kA - 15.6kA, Silane — 
et == Sea ee BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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fae th. eee 
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) 
254) 
66-74 
67-1.6 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


CD4023BMSH 
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ea narms  CD4013BMS 


ree ae | | ~ CMOS Dual ‘D’-Type Flip-Flop 


Features | Pinout 
¢ High-Voltage Type (20V Rating) 
e Set-Reset Capability. 


¢ Static Flip-Flop Operation - Retains State Indefinitely 
With Clock Level Either “High” Or “Low” 


e Medium-Speed Operation - 16 MHz (typ.) Clock Toggle 
Rate at10V | D1 15, 


¢ Standardized Symmetrical Output Characteristics SET 1 [6] 
100% Tested for Quiescent Current at 20V vss 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


at [1 
at [2] 
CLOCK 1 [3. 
RESET1 [4 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V . 


e 5V, 10V and 15V Parametric Ratings _ 


Functional Diagram 


e Meets All Requirements of JEDEC Tentative Standard SET1 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” D1 
ese | . CLOCK 1 
Applications 
| RESET1 - 
e Registers SET 2 
¢ Counters 
D2 
e Control Circuits CLOCK 2 
Description RESET 2 


CD4013BMS consists of two identical, independent data 
type flip-flops. Each flip-flop has independent data, set, 
reset, and clock inputs and Q and Q outputs. These devices 
can be used for shift register applications, and, by 
connecting Q output to the data input, for counter and toggle 
applications. The logic level present at the D input is 
transferred to the Q output during the positive going 
transition of the clock pulse. Setting or resetting is 
independent of the clock and is accomplished by a high level 
on the set or reset line, respectively. 


The CD4013BMS is supplied in these 14 lead outline pack- 
ages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. | File Number 3080 
Copyright © Harris Corporation 1992 7-708 


Specifications CD4013BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
_ (Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input............. ccc cece eee +10mA 
Operating Temperature Range................ -55°C to +125°C 

Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) .............000- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ................ Oe 6. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package .............4.- 70°C/AW 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)......Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ..... 0. ccc ce eee eee een ees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


| 
| VIN = VDD or GND 


VOL15 {VDD = 15V, No Load 
VDD = 15V, No Load (Note 3) 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 
Output Current (Sink) VDD = 10V, VOUT = 0.5V 
| 


i OL15 |VDD = 15V, VOUT = 1.5V 


Output Current (Source)| IOH5A {VDD = 5V, VOUT = 4.6V 


lOHSB_ {VDD = 5V, VOUT = 2.5V 


) = 10V, VOUT = 9.5V 


| !OH10 | 
8 | IOHI5 = 15V, VOUT = 13.5V 


VNTH {VDD = 10V, ISS = -10nA 
VPTH_ |VSS = OV, IDD = 10nA 


Input Leakage Current 


Ss 
z 
< 
o 
s) 
S 
@ 
z 
e) 


O oO} O 
Cc Cc |= 
oS cis 
Cc Cc c 
b—* a 
@) <i< 
S o|s 
= -_- - 
o ie) fe) 
ss c |,@a 
4 @® @® 
~~ 

2) 

a] 

ES 


rd 


Output Current (Source 


—— 


N Threshold Voltage 
P Threshold Voltage 


Functional 


Input Voltage Low 
(Note 2) 


Note 2) 
Input Voltage Low 


2Zsaizgs O}O 
ro) oD cic 
o = Cis 
no < S15 
= o. Q1TO 
i cic 

a aja 

© © | © 
2/2 

ra] BID 

> Q/°e 
=e = 

oem mx ®) 

ee i all 


V 

V VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 

V VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


_~ == 
=) 
> 
Cc 
-- 
< 
o 
- 
fed) 
Q 
© 
= 
a 
5 


Note 2) 


| ‘| GROUPA 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


VDD = 18V 


<i< 
O;O 
OO; oO 


VDD = 2.8V, VIN = VDD or GND 

VDD = 20V, VIN = VDD or GND 
= 18V, VIN = VDD or GND 

VDD = 3V, VIN = VDD or GND 


F 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
j VDD = 5V, VOH > 4.5V, VOL < 0.5V 
IL 
IH 


0 
Oo 


oars 


2s 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 

+25°C, +125°C, -55° 

+25°C, +125°C, -55°C 


‘ 
—_, 
N ro) 
oO 
9 ' 
oO - 


2) 


fe) 
DO} > 


-55°C 


+25°C, +125°C, -55°C 


Q) 


+25°C, +125°C, -55° 


Q) 


+25°C, +125°C, -55° 


ests] st =] =)=/=/3)8)8}2]2/2/3)-/2)=]]= fe fe leis 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 


7-709 


LOGIC 


Specifications CD4013BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| : | GROUP A 
PARAMETER SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Q, Q TPLH1 | | 


Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Set to Q, Reset to Q ; . . 


TEMPERATURE 
+25°C 
+125°C, -55°C 

+25°C - 
-+125°C, -55°C 
+25°C 
+125°C, -55°C 


TPLH2 | VDD = 5V, VIN = VDD or GND 


Propagation Delay _ 
Set to Q, Reset to Q 


Transition Time TTHL | VDD =5V, VIN = VDD or GND +25°C 
Clock to Q, Q TTLH +125°C, -55°C 
Maximum Clock Input FCL +25°C 


Frequency 


+125°C, -55°C 


NOTES: 


VDD = 5V, VIN = VDD or GND 
1. VDD = 5V, CL = 50pF, RL = 200K 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
VDD = 5V, VIN = VDD or GND ‘55°C, +25°C 


: -55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 
VDD = 5V, No Load 
VDD = 10V, No Load 
VDD = 10V, No Load 1 


eel <a) BPP R 


UNITS 


-_ 
oO 


Output Voltage 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+125°C 0.36 


Output Voltage 


Output Voltage 


VOL 
VOL 
VOH 
VOH 


Output Voltage 


+125°C 
VDD = 5V, No Load 
2 
Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V 1,2 


+25°C, +125°C, 
1IOL10 | VDD = 10V, VOUT = 0.5V 


> 


Output Current (Sink) 


Output Current (Sink) 1OL15 =| VDD = 15V, VOUT = 1.5V 


4.2 


IOH5A {VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 


Output Current (Source) 


Output Current (Source) 


ae pest 
Gin 
o} wm 

(@) °o 
@) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS : 
PARAMETER SYMBOL ee NOTES. | TEMPERATURE | MIN) | MAX | UNITS 
Output Current (Source) me VDD = 10V, VOUT = 9.5V +125°C 


-55°C 
Output Current (Source) VDD =15V, VOUT = 13.5V 


+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, +7 
-55°C 


+25°C 
+25°C 
+25°C 


1,2 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 


Input Voltage High - VIH VDD = 10V, VOH > 9V, VOL < 1V 


VDD = 10V 
VDD = 15V 
VDD = 10V 


Propagation Delay Clock | TPHL1 
to Q,Q TPLH1 


Propagation Delay TPHL2 70 


Set to Q Reset to Q 


VDD = 15V 1,2,3 +25°C 
Propagation Delay_ TPLH2 | VDD =10V 1,2,3 +25°C 130 
Set toQResettoQ VDD = 15V 1,2,3 425°C 
Transition Time TTHL | VDD=10V 1,2,3 +25°C 
Clock toQ,Q | TTLH 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VDD = 15V 
FCL |VDD=10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


1,2,3 


= 
— 
N 


Maximum Clock Input 
Frequency 


> 
= 
aa 
N 


o ne) he) 


_— 
o1 


Minimum Data Setup TS 
Time 


1,2,3 


Minimum Clock Pulse 140 


Width 


VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
| VDD = 15V 


> 
o 


| |e 


Minimum Set or Reset 
Pulse Width 


Input Capacitance CIN | Any Input 7.5 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


cS 
TN 


[=] =] =] =] =] =] =] =] =] 5] 5] [=| [= [e[e[e[@| <| <[2[3/3)/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


pA 


ae 
V 
V 
Vv 


| IDD | VDD =20V, VIN = VDD or GND 
VDD = 10V, ISS = -10pA 


N Threshold Voltage AVNTH [VDD = 10V, ISS = -10pA 
Delta . 


VPTH | VSS = OV, IDD = 10pA fe 


AVPTH | VSS = OV, IDD = 10pA an 


Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time | TPHL | VDD =5V | 1,2,3,4 425°C ea 
TPLH 


. NOTES: 1.-All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
| 2..CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4, Read and Record 


+25°C VOH > | VOL < 
VDD/2 {| VDD/2 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
‘| Output Current (Sink) + 20% x Pre-Test Reading 


2 
Output Current (Source) + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
- CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-In) 100% 5004 IDD, 1OL5, |OH5A 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5, IOHSA 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
PDA (Note 1) 100% 5004 1,7, 9, Deltas Bee ee eee ae 
1 


[ POAWoet) +d? toonsoos [nv bems PC 
Fratto + toomsoos | aan | SSCSCS~S 
feos | Sampiesvos | Ba7enenovn [SS 

el =e oo ee 
| 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| - MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS. METHOD -PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION 


Static Burn-In 1 
(Note 1) 


Static Burn-in 2 
(Note 1) 


Dynamic Burn- 
In (Note 1) 


Irradiation 1, 2, 12, 13 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V . 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup.2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 


MASTER SECTION oc SLAVE SECTION 


n \ / CL 


Q 

*6(8) © ie > 2 1(13) © 

SET 3 | © 

Oo 

; ral CL BUFFERED <eaible J 

*3(11) >> > 2 2(1 2) 
CL. 
14 0— VDD 
* All inputs are protected by CMOS protection network 

7 O— VSS 


FIGURE 1. ONE OF TWO IDENTICAL FLIP-FLOPS 


TRUTH TABLE 


Logic 0 = Low * = Level change 
Logic 1 = High X = Don’t care 


N(N) = FF1/FF2 terminal assignments 
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g 8 ts , 
3 a 
3 é 
Z e 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) {V) 
“15 -10 $ 0, “15 -10 5 0, 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C < 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V F GATE-TO-SOURCE VOLTAGE (VGS) =-5V = 
2 
E 
UT) 
[om 
co 
B 
g 
a | 
3 
po 
G 
= 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


e: 


$ 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 #480 ~~ 100 —— 9 «20 40'—iasti«‘iS—SsédtCD 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (CLOCK OR SET TO Q, CLOCK OR ~ CAPACITANCE (SET TO Q OR RESET TO Q) 
RESET TO Q) 
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Typical Performance Characteristics (Continued) 


104 , 
AMBIENT TEMPERATURE (Ta) = +25°C 6 
tr, tf = 5ns 4 
2 SUPPLY VOLTAGE 
(VDD) = 15V 
40 8 
6 
4 
2 


mo BOO 


= 
oe 


CLOCK FREQUENCY (fCL) (MHz) 
» AMO 


AMBIENT TEMPERATURE (Ta) = +25°C 
INPUT tr = tf = 20ns 


DISSIPATION PER DEVICE (PD) (uW) 
R 


2468 2 468 2 468 2 468 2 468 


sign oe Ee (Vv) 107 10? 104 105 10& 
INPUT FREQUENCY (ft) (HZ) 
FIGURE 8. TYPICAL MAXIMUM CLOCK FREQUENCY vs FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY 
SUPPLY VOLTAGE 


Chip Dimensions and Pad Layout 


55-63 
1.397-1.600 


ona 


7. loZ- §. eae | 
(It. 37b_ fa) 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4014BMS 
CD4021BMS 


CMOS 8-Stage Static Shift Registers 


HARRIS 


SEMICONDUCTOR 


tt 


December 1992 


Features | 
e High Voltage Types (20V Rating) 


¢ Medium Speed Operation 12MHz Typ.) Clock Rate at 
VDD-VSS = 10V 


Fully Static Operation 


8 Master-Slave Flip-Flops Plus Output Buffering and 
Control Gating 


100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e Noise Margin (Full Package Temperature Range) 
e 1V at VDD = 5V 

e 2V at VDD =10V 

e 2.5V at VDD = 15V 

Standardized Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
*B' Series CMOS Devices 


Applications: | 

e Parallel Input/Serial Output Data Queueing 
¢ Parallel to Serial Data Conversion 

¢ General Purpose Register 


Description 
CD4014BMS -Synchronous Parallel or Serial Input/Serial Output 


CD4021BMS Asynchronous Parallel! Input or Synchronous 
Serial Input/Serial Output 


CD4014BMS and CD4021BMS series types are 8-stage paral- 
lel- or serial-input/serial output registers having common CLOCK 
and PARALLEL/SERIAL CONTROL inputs, a single SERIAL 
data input, and individual parallel “JAM” inputs to each register 
stage. Each register stage is a D-type, master-slave flip-flop. In 
addition to an output from stage 8, “Q” outputs are also available 
from stages 6 and 7. Parallel as well as serial entry is made into 
the register synchronously with the positive clock line transition in 
the CD4014BMS. In the CD4021BMS serial entry is synchro- 
nous with the clock but parallel entry is asynchronous. In both 
types, entry is controlled by the PARALLEL/SERIAL CONTROL 
input. When the PARALLEL/SERIAL CONTROL input is low, 
data is serially shifted into the 8-stage register synchronously 
with the positive transition of the clock line. When the PARALLEL/ 
SERIAL CONTROL input is high, data is jammed into the 8- 
stage register via the parallel input lines and synchronous with 
the positive transition of the clock line. In the CD4021BMS, the 
CLOCK input of the internal stage is “forced” when asynchro- 
nous parallel entry is made. Register expansion using multiple 
packages is permitted. 


The CD4014BMS and CD4021BMS are supplied in these 16 
lead outline packages: 

Braze Seal DIP H4T 

Frit Seal DIP H1F 

Ceramic Flatpack H6W 


Pinout 


| 9] PARALLEL/SERIAL 
CONTROL 


Functional Diagram | 


PAR.IN = yop 


1234567 8 


PARALLEL/SERIAL 9 
CONTROL 


SERIAL IN 


10 
CLOCK 


o 
N 
BUFFERED 
OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications CD4014BMS, CD4021BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Ga 8 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

input Voltage Range, All inputs ............. -0.5V to VDD +0.5V Flatpack Package ......... eecbiacecuree 70°C/W 20°C/W 

DC Input Current, Any One Input... 0.0.0... cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) .............000- +265°C —_ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ..... 6... cece eee eee eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER |SYMBOL|  CONDITIONS(NOTE1) | |SUBGROUPS} TEMPERATURE | MIN | MAX |UNITS 


Supply Current VDD=20V,VIN=VDDorGND | 14 | ~~ 425%c =| - | 40 | pA | 
ee 
WOD= tev vNevopereno | a [ ss [| - | 0 | m 


lL IVIN=VDDorGND- |[VDD=20 +25°C A 
+125°C. 
VDD = 18V 
IH  IVIN=VDDorGND- {VDD=20 
VDD = 18V 


-§5°C 
VOL15 [VDD = 15V, No Load 


+25°C 
+125°C 
55°C 

+25°C, +125°C, -55° 

Output Voltage |. VOH15 | VDD = 15V, No Load (Note 3) 

VDD = 5V, VOUT = 0.4V 

VDD = 10V, VOUT = 0.5V 

VDD = 15V, VOUT = 1.5V 


5°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 

Output Current (Source)| IOH5A {VDD = 5V, VOUT = 4.6V 

Output Current (Source) VDD = 5V, VOUT = 2.5V 

Output Current (Source) VDD = 10V, VOUT = 9.5V 

Output Current (Source) VDD = 15V, VOUT = 13.5V 


+25°C 
+25°C 
N Threshold Voltage VNTH {VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH |VSS = OV, IDD = 10nA 


+25°C 
Functional F VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Leakage Current 


ee 


nA 

Input Leakage Current nA 
A 
A 


n 
n 


+ 
nm 
2) 


1 


pS 


© —_ 
co 
N > cA 


[0.53 | 
18 
+25°C | 3.5 | 
+25°C 
+25°C 7 | 28 |. 


+25°C VOH> | VOL < 
See VDD/2 | VOD/2 
+125°C ¥ 
-55°C 


fee) 


ee) 


Input Voltage Low VIL |VDD=5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 

Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 


|<] =] <fst=(}2 13/8} 13] I 12/5] fl] I= 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55° 4 
(Note 2) VOL < 1.5V 

Input Voltage High VIH {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 

(Note 2) ; 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


QO) 


Q) 


-< 
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Specifications CD4014BMS, CD4021BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
UMTS | 


Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 320 | 
ee eo 
Transition Time TTHL ]VDD=5V,VIN=VDDorGnD | 9 | 425% | .- | 200 | 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | +25 | 3 | - | 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER | 
Supply Current 5 VDD = 5V, VIN = VDD or GND 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS NOTES TEMPERATURE 


LIMITS 


UNITS 


VDD = 10V, VIN = VDD or GND 


VDD = 5V, No Load 4.95 
| 


VDD = 10V, No Load Loe dl 

Output Current (Sink) IOLS5 | VDD = 5V, VOUT = 0.4V ee! 

Output Current (Sink) OL10 | VDD = 10V, VOUT = 0.5V +125°C 
55°C 


> 


-1.15 


Output Current (Source) IOH5A | VDD = 5V, VOUT = 4.6V 
Output Current (Source) IOH5B: «| VDD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 


> 


A 
-55°C 
+25°C, +125°C, 
-55°C 


+25°C, +125°C, 7 
-55°C 


3 


cL sPle te eel el PPP PE 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 
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Specifications CD4014BMS, CD4021BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) . 


NOTES: 
1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 
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Specifications CD4014BMS, CD4021BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


Supply Current = | IDD |VDD=20V,VIN=VODorGND{ 1,4 | 425°C _ 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA | 1,4 RBC 


]N Threshold Voltage. .| AVNTH | VDD = 10V, ISS =-10pA poe 
Delta 


P Threshold Voltage VPTH | VSS = OV, IDD = 10pA | 4,4 [425 


Delta 
Functional F +25°C VOH> | VOL< |] V 
TPLH 7 


NOTES: 1. All voltages referenced to device GND. _ 3. See Table 2 for +25°C limit. 


2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Curent-MSr2 [10D [1A 
[Output curent Sing) | 1018 | 20% xPre-Test Roading 
[Output Curent Source) | 1OHGA_[=20%x Pro‘TestRoading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5SA 


i 10D, 0U5,10HSA 
[ POA(Niet) «too soa | CTOs] 
100% 5008 
[ PDA(Notet) + —toomscoa| ——«an7.@.Deles OP SSCSCS 
[Fina'Test_ ‘| toomsooe | aa. eaeian sf SSCS~—S 
[Groupa | Senpiosoos | 42,37,0a088 10 | —SSSS—S—~S 


Subgroupe-6 | Semposoos | ——saz® | CS 
Sample 5005 1, 2, 3, BA, 8B, 9 Subgroups 1, 23 | 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
| MIL-STD-883 TEST READ AND RECORD 
| CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD ' PRE-IRRAD POST-IRRAD 


Group E Subgroup? a A CY 


TABLE 7. TOTAL DOSE IRRADIATION 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
- FUNCTION VDD 9V +-0.5V 


Salobumint Woo) | 23,12 | etnies | {|S 
SialoBunin2 Wow) | 2a | 8 | nanerise} | +d SS 


Dynamic Burn-in (Note 1) 1,49,13-15 | 16 | 


Irradiation (Note 2) | BSA, 4-7, 9-14, 13-16 
NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, VDD = 
10V + 0.5V 


Logic Diagram 


SERIAL 
INPUT 


PARALLEL/SERIAL 
CONTROL 


.* (9) 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


FIGURE 1. CD4014BM LOGIC DIAGRAM 
- TRUTH TABLE - CD4014BMS 


SERIAL INPUT |. PARALLEL/SERIAL CONTROL P 


Q1 (INTERNAL) 


ae eee ee eee 
eae eee ar eet) 
a es ee ee 
a a a a 
eS ae ee eee 
ee oe Oe 
ir oe 


. 


NINN 


ra 
al rr ee 
ne px fo a 


X = Don’t Care Case NC = No Change 


. 


En 
Xx 
X 


\ 


¢ 


NC 
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SERIAL 
INPUT 


CLOCK 


«49-1 > Boe 
*() > 


P 
PARALLEL/ 
SERIAL 
CONTROL 


- PS 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


FIGURE 2. CD4021BMS LOGIC DIAGRAM. 


TRUTH TABLE - CD4021BMS 


SERIAL | PARALLEL/SERIAL Q1 
CL INPUT _ CONTROL P1 Pin (INTERNAL) 


X = Don’t Care Case 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ty) = +25°C — 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C | 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V F=f 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 


) 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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OUTPUT LOW (SINK) CURRENT (IL) (mA) 


AMBIENT TEMPERATURE (Ta) = +25°C Fw 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 


AMBIENT TEMPERATURE (Ta) = +25°C P 
GATE-TO-SOURCE VOLTAGE (VGS)=5V P= 7 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C. 


PROPAGATION DELAY TIME (tTHL, tTLH) (ns) 


acre en aa 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 


100 
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Typical Performance Characteristics (Continued) 


McSame 


POWER DISSIPATION (PD) (uW) 


2468 2468 2468 2468 2468 
1 10 402 10° 104 10° 


CLOCK INPUT FREQUENCY (CL) (kHz) 
FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Chip Dimensions and Pad Layouts 


; 


co i | ae. 


nly 


| 
ane) 


) Dimensions and pad 
Lead: “0.284 layout for CD40148H 
(CD4021 BH is identical} 
(2. a2. 2. ia 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10°9 inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4015BMS 


CMOS Dual 4-Stage Static Shift Register 


December 1992 


Features 


e High-Voltage Type (20V Rating) 


° Medium Speed Operation 12MHz (typ.) Clock Rate at 
VDD - VSS = 10V | 


Fully Static Operation 

¢ 8 Master-Slave Flip-Flops Pius Input and Output Buffering 
* 100% Tested For Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and 25°C 


° Noise Margin (Full Package-Temperature Range) = 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


¢ Serial-Input/Parallel-Output Data Queueing 
° Serial to Parallel Data Conversion 
e¢ General-Purpose Register 


Description 


CD4015BMS consists of two identical, independent, 4-stage 
serial-input/parallel output registers. Each register has inde- 
pendent CLOCK and RESET inputs as well as a single serial 
DATA input. “Q” outputs are available from each of the four 
stages on both registers. All register stages are D type, mas- 
ter-slave flip-flops. The logic level present at the DATA input 
is transferred into the first register stage and shifted over one 
stage at each positive-going clock transition. Resetting of all 
stages is accomplished by a high level on the reset line. 
Register expansion to 8 stages using one CD4015BMS 
package, or to more than 8 stages using additional 
CD4015BMS$'s is possible. 


The CD4015BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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With Serial Input/Parallel Output 


Pinout 


CD4015BMS 
TOP VIEW 


CLOCK B [1| 
Q4B | 2) 
Q3A [3 | 
Q2A | 4| 
QiA 5) 

RESET A [6 

DATA A 
vss {8 | 


Functional Diagram 


DATA A 
CLOCK A 
RESETA 


LOGIC 


DATA B 
CLOCK B 


RESET B 


3295 
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Specifications CD4015BMS 


Absolute Maximum Ratings 

DC Supply Voltage Range, (VDD) ............... 
(Voltage Referenced to VSS Terminals) 

_ Input Voltage Range, All Inputs 

DC Input Current, Any One Input................. jpcacacdtonseee +10mA 


Operating Temperature Range.............66. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ............0c0e08 +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for . 


10s Maximum 


Reliability Information 


Thermal Resistance ............-.6- Bia Oc 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package .............06. 70°C/AW 20°C/W 


Maximum Package Power Dissipation (PD) at +125°C 


For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mMW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 


For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... Pree eee eee eee eee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


= 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


VOL15 {VDD = 15V, No Load 


VOH15 |VDD = 15V, No Load (Note 3) 


VDD = 10V, VOUT = 9.5V 
Output Current (Source)} IOH15 |VDD = 15V, VOUT = 13.5V 
N Threshold Voltage VNTH_ |VDD = 10V, ISS = -10pA 


~ VPTH_ [VSS = OV, IDD = 10pA 


VDD = 2.8V, VIN = VDD or GND 


VDD = 20V, VIN = VDD or GND 
= 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
VIL 


VIH 


VIL VOD = 15V, VOH > 13.5V, 


VOL < 1.5V 


VIH VDD = 15V, VOH > 13.5V, 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


LIMITS 
GROUP A | uimirs | 
SUBGROUPS] TEMPERATURE | MIN | MAX |UNITS 


ee ee 
ee ee 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C | 
—  +25°C © 
+125°C 
-55°C 
+25°C, +125°C, -55°C 


ok 


< 

218 g 
Vv 

< t ‘ =k 

O Oo = o 

a N > ro) 


2,3 


VDD/2 | VDD/2 


jee) 
@ 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


| +25°C, +125°C, -55° 


FE 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND ee ee ee ee 
Clock To Q TPLH1 10.11 125°C, -55°C 


Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND +25°C 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
Maximum Clock Input FCL |VDD=5V,VIN=vDDorGND | 9 | +25°C 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD.= 5V, VIN = VDD or GND ae 
VDD = 10V, VIN = VDD or GND ae 


eehaensicsoigi 


VOH | VDD = 10V, No Load 1,2 


IOL5 | VDD =5V, VOUT = 0.4V pow 


LIMITS 


UNITS 


Output Voltage . 


Output Voitage 


Output Voltage 


Output Voltage 
Output Current (Sink) 
Output Current (Sink) 


Output Current (Sink) 


IOLiO =| VDD = 10V, VOUT = 0.5V 
lIOL15 =| VDD = 15V, VOUT = 1.5V 


Output Current (Source) IOH5A | VDD = 5V, VOUT = 4.6V | 


Output Current (Source) IOH5B: ~{| VDD = 5V, VOUT = 2.5V 


IOH10 + {VDD = 10V, VOUT = 9.5V 
IOH15 | VDD =15V, VOUT = 13.5V 12 


Output Current (Source) 


Output Current (Source) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 


TEMPERATURE 


NOTES 


Cc 


7 


NITS 


B 
Input Voltage Low ‘VIL [VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, | +7 
-55°C 


amie ua 
eal 


Maximum Clock Input FCL |VDD=10V 
Frequency VDD = 15V 
Minimum Data Setup VDD = 5V 


Time VDD = 10V 

VDD = 15V 

Clock Rise and Fall Time TRCL | VDD=5V 
TFCL 


VDD = 10V 
VDD = 15V 


Minimum Clock Pulse 
Width 


Minimum Reset Pulse 
Width 


N“ 
on 


oS 


= 


input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These.parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE UNITS 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA | 4,4 | aeBeG 


| MIN” | MAX 

, a 

, | 28 | 02 

al ee 
Delta 

par 


P Threshold Voltage VPTH | VSS = OV, IDD = 10nA 


P Threshold Voltage AVPTH | VSS = OV, IDD = 10pA et ee +1 
Delta 


Functional. F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


+25°C VOH > | VOL< V 
VDD/2 | VDD/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER _| SYMBOL | meee | NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time TPHL | VDD =5V +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C - 


‘[SumniyCoren-wsi2 [00 ferme 
[uot Curent Source) | 10R5A [220% xPro-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD- 


Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOH5A 


Interim Test 2 (Post Burn-in) 
PDA (Note 1) 
Interim Test 3 (Post Burn-In) 


LOGIC 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 | TEST | READ AND RECORD - 
CONFORMANCE GROUPS METHOD | PRE-IRRAD 


Group E Subgroup 2 | 5005 | 1,7,9 Table 4 [dee Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 4 | | 
Note 1 
Static Burn-In 2 1,6,7,9,14-16 
Note 1 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) . 
OSCILLATOR 


Dynamic Bum- 6, 8, 14 7,15 
InNote1 | | 
Irradiation 2-5, 10-13 1,6, 7,9, 14-16 

Note 2 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 

ar (3) (5) «= a2 G2) (4) «= a3 G1) 3) ~— as (2) (10) 
N LR A A 
N LA A A 

DATA 

o> pt « 

7) 

CLOCK 


vss 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION © 
NETWORK 


_ FIGURE 1. CD4015BMS LOGIC DIAGRAM 


TRUTH TABLE 


(No Change) | 


X = Don’t care Case 
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Typical Performance Characteristics 


paramere | 


OUTPUT LOW (SINK) CURRENT (FOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (T,) =+25°C ee 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


ary 
ad 
gi 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
~“ 
an 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


250 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


) 
S 


_ 
=] 
o 


TRANSITION TIME (tTHL, tTLH) (ns) 
g g 


SUPPLY VOLTAGE (VDD) =5V _ 


0 20 40 60 80 100 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 


LOAD CAPACITANCE (CL) (pF) 


LOAD CAPACITANCE 


2 


SUPPLY VOLTAGE (VDD) = ia 


(RENE 
WEL | TIN 


AY | | TN 


ANT | IA 
AY] | 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


1058 


POWER DISSIPATION (PD) (uW) 
é 


2468 2468 2468 24 68 2 468 


10 1 1 1 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


1. 


FIGURE 8. TYPICAL POWER DISSIPATION AS 
A FUNCTION OF FREQUENCY 


Chip Dimensions and Pad Layout 


3 SIP) 
SH T16 | 
\o ara . \¥ "ty 
eo & Pe tS = 
0 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


$8 DIE SIZE: X = 80 (77 - 85) = (1.956 - 2.159) 
Y = 98 (95 - 103) = (2.413 - 2.616) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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Features 

¢ Transmission or Multiplexing of Analog or Digital Signals 
e High Voltage Type (20V Rating) 

¢ 20V Digital or +10V Peak-to-Peak Switching 

e¢ 280Q Typical On-State Resistance for 15V Operation 


Switch On-State Resistance Matched to Within 100 
Typ. Over 15V Signal Input Range 


High On/Off Output Voltage Ratio: 65dB Typ. at FIS = 
10kHz, RL = 10kQ 


e High Degree of Linearity: <0.5% Distortion Typ. at FIS 
= 1kHz, VIS = 5Vp-p, VDD-VSS 2 10V, RL = 10kQ 


Very Low Offset Current and High Effective Off State 
Resistance: 100pA Typ. at VDD-VSS = 18V, T, = 25°C 


Extremely High Control Input Impedance (Control cir- 
cult Isolated from Signal Circuit: 10'2Q Typ. 


Low Crosstalk Between Switches: -50dB Typ. at FIS = 
0.9MHz, RL = 1kQ 


Matched Control Input to Signal Output 
Capacitance: Reduces Output Signal Transients 


Frequency Response, Switch On = 40MHz (Typ.) 
¢ 100% Tested for Quiescent Current at 20V 


¢ Maximum Control Input Current of 1A at 18V Over Full 
Package Temperature Range; 100nA at 18V at +25°C 


e 5V, 10V and 15V Parametric Ratings 


Extremely Low Off State Switch Leakage Resulting in. 


Applications 

e Analog Signal Switching/Multiplexing 
¢ Signal Gating 

e Squelch Control 

e Chopper 

e Modulator 

e¢ Demodulator 

¢ Commutating Switch 

Digital Signal Switching/Multiplexing 
¢ CMOS Logic Implementation 


¢ Analog to Digital & Digital to Analog Conversion — 


e Digital Control of Frequency, Impedance, Phase, and 
Analog Signal Gain 


Description 


CD4016BMS Series types are quad bilateral switches intended 
for the transmission or multiplexing of analog or digital signals. 
Each of the four independent bilateral switches has a single con- 
trol signal input which simultaneously biases both the p and n 
device in a given switch on or off. 


The CD4016BMS is supplied in these 14 lead outline packages: 
Braze Seal DIP H4Q 
Frit Seal DIP H1iB 
Ceramic Flatpack H3W 


Pinout Functional Diagram 
CD4016BMS 
TOP VIEW 
SIG AIN | 1 14] VDD 
SIG A OUT | 2] 13] CONTROL A 
SIG BIN [3] 12] CONTROL D 
SIG B OUT | 4 SIG DIN 
CONTROL B | 5 | 10] SIG D OUT 
CONTROL C | 6 | 19 | SIG C OUT 


vss 18 | SIGCIN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications CD4016BMS 


Absolute Maximum Ratings 7 Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V Thermal Resistance ...............- Gia i 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°CIW 20°C/W 

DC Input Current, Any One Input............ Bektitcta nto +10mA Maximum Package Power Dissipation (PD) at +125°C 

- Operating Temperature Range..............-. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 

Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ................. +265°C __ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ...... 0. cece eee cee cree e cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VC=VDDorGND |VDD=20 ee ene +25°C 
[2 | ast 
VDD = 18V fag eels | 55°C 


LIMITS 


PARAMETER 


” 
Cc 
wo 
2) 
=) 
oe) 
Cc 
me! 
” 


+25°C 

+125°C 
-55°C 

Input Leakage Current 


VC = VDD or GND +25°C 


Input Leakage Current 


-55°C 


Pea ee ey 

SYMBOL. CONDITIONS (NOTE 1) TEMPERATURE | MIN | UNITS 

ee 

ae 

ie 

ML Sow 

cg 

cca 

bee 

ae 

me 

Curent Guicnony | MOS@0V | eg a 

ee es 

ameter IOZH |VDD=18V,VIS=18V,vOS=0OV | 1 |  +25C | - | 

a 

es Aas ee ae ee aS 

INThresholdVotlage | WNTH |VOD=Tov,1SS=-fowa—-'| 1 | aso 28 | -o7 | v | 

PThreshod Votage | vPTH |vSS=0v,10D=10.a | 1 | vaso | o7 | 28 | v 

On-State Resistance VIS=VDDorVSS,vbD=10v | 1 | 425°C | - | 660] QQ | 

nae -~ A 

Es 

VIS=4.75Vor5.75V,VDD=10V | 1 | +25 | - | 2000] Q | 

io a 

SE  B 

es 

Es es 

ViS=7.250r7.75,VDD=15vV | 1 |  +25c | - | 850] Q | 

i“ Se 

Ee Zc 

Functional ; VoH> [voL<| Vv 
pees) Mone NOG 

VOD=18V,VIN=VDDorGND_| 8A | +125" 
Switch Threshold | SWTHRH5 [VDD = 5V, VC =1.5V, VIS=GND | 1,2,3  |425°C,+125°C,-55°C| 41 | - | V | 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


GROUP A ee 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Input Voltage Control, | VILC |VDD=5V,VOS=VODD,viS=vss,| 1 | +25 | - | o7-] Vv | 
Low (Note 2) and VDD = 8V, VOS = VSS, VIS = [3 7125°C ars 
VDD, IIISI < 10nA a 


< 


Control Input High 
Voltage 
(Note 2, Figure 12) 
VIS = VSS, and 

VIS = VDD 


VDD = 15V, ISI = 1.1mMA, 13.5V < 2 +125°C_ - 11 
VOS < 1.5V 

VDD = 15V, INISI = 1.8mA, 13.5V < -55°C 11 
VOS < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being implemented. 
2. Go/No Go test with limits applied to inputs 
3. VDD = 2.8V/3V, RL = 100K to VDD 
VDD = 20V/18V, RL = 10K to VDD 


< 


o}o 
pi N 
< 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 2 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND +25°C 


Signal Input to Signal TPLH (Notes 1, 2) 10.11 4+125°C. -55°C od 


Output 


Propagation Delay TPZH | VDD = 5V, VIN = VDD or GND 
Turn On TPZL | (Notes 2, 3) 10, 11 +125°C, -55°C 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS ~ 


Supply Current | | VDD = 5V, VIN = VDD or GND 1,2 
Ce 
VDD = 10V, VIN = VDD or GND 1,2 
eee 


VDD = 15V, VIN = VDD or GND 


VDD = 10V, VOS = VDD, VIS = 
VSSand VOS = VSS, VIS = VDD 
ISI < 10nA 


+125°C 


1,2 +25°C-55°C 
+125°C 


Input Voltage Control, 
Low 


min 
poe 
Eee 
ee 
peed 
| 55°C, +25°c || 
ped 
ee 
ee 
ae 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL | ee NOTES | TEMPERATURE 


Input Voltage Control, VIHC {VDD = 10V, VIS = VDD or GND +25°C-55°C 
‘High (See Figure 12) 


Can 
12 ae 

ee 

ae a 

124 moe 

Lea Rees 

Eas 


pane ae 
Propagation Delay TPZH 
fnputGapactarcs | ON [awit | 42 | 250 
NOTES: 

1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K. Input TR, TF < 20ns. 
4. CL=50pF, RL = 1K 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND yA 


ae 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
Delta 


VPTH |VSS = OV, IDD = 10pA 


V 
= 
AVPTH | VSS = OV, IDD = 10pA 


F VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< 
VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 


ni int | tl 


_ NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
Supply Current - SSI a £5 
ON Resistance RONDEL10 j|+ 20% x Pre-Test Reading 


ri TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


initial Test (Pre Bum-In) 100% 5004 IDD, IOL5, |OH5A 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
0 


Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


CONFORMANCE GROUP METHOD GROUP ASUBGROUPS_- READ AND RECORD 
PDA (Note 1) 100% 5004 1,7, 9, Deltas 
interim Test 3 (Post Burn-In) 100% 5004 IDD, IOL5,.1OH5A 


: 


Final Test 2, 3, BA, BB, 10, 11 
Sample 5005 1,2,8,7, 8A, 8B, 9, 10, 1 


Subgroup 6-6 | Sampiosoos | —s9 CY SCSC~™S 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD 


PRE-IRRAD POST-IRRAD * PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
ovt-05V | — S0kHz =| 25kHz 

Static Burn-in 1 1, 4-8, 11-13 14 
Note 1 
Static Burn-in 2 7 1, 4-6, 8, 11-14 
Note 1 
Dynamic Burn- 7 14 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%,. VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


FUNCTION 


Schematic Diagram 
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PDA (Note 1) 100% 5004 : 1,7, 9, Deltas see eee ee ee 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 | 
Sample 5005 1, 2, 3, BA, 8B, 9 Subgroups 1, 23 | 
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Typical Performance Characteristics 


SUPPLY VOLTS: VDD = +15V; VSS = 0 
AMBIENT TEMPERATURE (TA) = +25°C 


12.5 


10.0 


7.5 


OUTPUT SIGNAL VOLTS (VOS) 


5.0 


0 2.5 5.0 7.5 100 125 15.0 
INPUT SIGNAL VOLTS (VIS) 
FIGURE 2. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +15V, VSS = OV 


SUPPLY VOLTS: VDD = +5;V VSS = 0 
AMBIENT TEMPERATURE (TA) = +25°C 


OUTPUT SIGNAL VOLTS (VOS) 


INPUT SIGNAL VOLTS (VIS) 


FIGURE 4. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +5V, VSS = 0V 


SUPPLY VOLTS: VDD = +5V; VSS = -5V 
6 T AMBIENT TEMPERATURE (TA) = +25°C 


DB, 
re} 
= 
dd 
3 2 
>) 
= | 
3 
6 0 
77) 
- 
_— ) 
& -2 
_ 
re) 

4 

4 -2 0 2 4 6 
INPUT SIGNAL VOLTS (VIS) 


FIGURE6. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +5V, VSS = -5V 
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- OUTPUT SIGNAL VOLTS (VOS) 


SUPPLY VOLTS: VDD = +10V; VSS = 0 
AMBIENT TEMPERATURE (TA) = +25°C 


OUTPUT SIGNAL VOLTS (VOS) 
a 


0 2 4 6 8 10 
INPUT SIGNAL VOLTS (VIS) 


FIGURE 3. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +10V, VSS = OV 


SUPPLY VOLTS: VDD = +7.5 V: VSS =-7.5V # 
AMBIENT TEMPERATURE (TA) = +25°C Vie 


OUTPUT SIGNAL VOLTS (VOS) 
—) 


75 6 25 0 2.5 5 7.5 
: INPUT SIGNAL VOLTS (VIS) — 


FIGURE5. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +7.5V, VSS = -7.5V 


INPUT SIGNAL VOLTS (VIS) 


FIGURE7. TYPICAL ON-STATE CHARACTERISTICS FOR 1 OF 
4 SWITCHES WITH VDD = +2.5V, VSS = -2.5V 
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Typical Performance Characteristics (Continued) 


SUPPLY VOLTS: VDD = +5V, VSS = -5V 
CONTROL VOLTS (VC) = -5V 

INPUT SIGNAL VOLTS (VIS) = 5VP-P SINE WAVE (1.77 RMS) 
*LOAD CAPACITANCE (CL) = CFIXTURE+CMETER=2.3+2.504.8pF 


FIXTURE AND METER NULLED OUT © 
COS (FIXTURE) = 0.8pF 


6 | SUPPLY VOLTS: VDD = +5V; VSS = -5V 


an 1B 
re! { MODEL 91-CA 
TA & 30 OR EQUIV. vos 
3 p rors {HT | {II 
om Fs) y f 
7) 25 7 <) 
g? : EAL AH 2 
= = 20 4 39 = 
re) 
x : KIL. 
a ~ 15 | LOAD RESISTANC vi vA 1 41.5 2 
K s (RL) = 1MQ us 
eo 2 SG yf E 
E B10 y 45 
: ara panini 
-4 5 51 
* LEU Ua LA 
0 
4 2 0 2 4 6 soi? 488, 2 468, 2 46822 46852 4 684 
INPUT SIGNAL VOLTS (VIS) ics SANAL FREQUENCY (fis) kHz 
FIGURE 8. TYPICAL ON-STATE CHARACTERISTICS AS A FIGURE 9. TYPICAL FEEDTHRU vs FREQUENCY - SWITCH 
FUNCTION OF TEMPERATURE FOR 1 OF 4 OFF 


SWITCHES WITH VDD = +5V, VSS = -5V 


SUPPLY VOLTS: VDD = +5V; VSS = -5V 
INPUT SIGNAL VOLTS (VIS) = 5Vp-p SINE WAVE (1.77RMS) 


FIXTURE AND METER NULLED OUT SUPPLY VOLTS: CIOS = 0.8pF 
VDD = +5V, VSS = -5V ce 4e-- RF VOLTMETER 
=~ rT INPUT SIGNAL VOLTS * BOONTON RADIO 
3 S (VIS) = 5Vp-p # MODEL 91-CA 
@ | conmouveue 
2 RF VOLTMETER K 
a Page =g/°? BOONTON RADIO S | (Ve) = 45V 
Q Vis (A) n MODEL 91-CA = > LOAD CAPACITANCE O 
4 OR FA z 2 z (CFIX + CMETER) = O 
= z va 2.3 - 2.5 = 4, Hae O 
re) 2 5 8 a | 
2 E = 20 LOAD RESISTANCE (RL) ls 
x 2 co} 
Fe ti 6 4g ee o 
g rn TT 
” 
: ae LI LUT | UT Psi 
a. 
= 
3 0.5 Fi 
4 6 8, 4 6 810 4 6 100 
ot 4 40 402 1032 4 &%o8 INPUT soni rane fas MHz 
INPUT SIGNAL FREQUENCY (fis) (kHz) 

FIGURE 10. TYPICAL CROSSTALK BETWEEN SWITCH FIGURE 11. TYPICAL FREQUENCY RESPONSE - SWITCH ON 


CIRCUITS IN THE SAME PACKAGE 


CD4016BMS 
1 OF 4 SWITCHES 


Vos 


. [ Vis - Vos ] 
[ lie] 


FIGURE 12. DETERMINATION OF RON AS A TEST CONDITION FOR 
CONTROL INPUT HIGH VOLTAGE (VIHC) SPECIFICATION 
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TYPICAL ON-STATE RESISTANCE CHARACTERISTICS, Ta = +25°C © 


LOAD CONDITIONS 
L=1kQ RL = 10kQ RL = 100kQ 


VALUE | Vis Vis Vis 
(Q) — (Q) < (Q) — 


SUPPLY 
_ CONDITIONS 


(V) (V) 


CHARACTERISTICS* | 


“ae 

| 33k 

47.5 | 180 | 

a | 180 | 

75 | 290 [aoas [amo [ sas [0 [ss 

20 | | 240 | 

| 240 

E760. | a 

= 


- nN ow | no 
& S 
oe 

ah, 
O° 


2.5 


8 
He 
>) 
NO 
oO 
+ 
=) 
ho 
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*Variation from perfect switch, ron = 0Q 


Typical Wave Response 


FIGURE 13. TYPICAL SINE WAVE RESPONSE OF VDD =+7.5V, FIGURE 14. TYPICAL SINE WAVE RESPONSE OF VDD = +5V, 


VSS = -7.5V VSS =-5V 
Scale X = 0.2ms/Div Y = 2.0V/Div . Scale X =0.2ms/Div Y = 2.0V/Div 
VDD = VC = +7.5V, RL = 10KQ — VDD =VC =+4+5V, RL = 10KQ 
CL = 15pF CL = 15pF 
fis=1kHz VIS =5Vp-p _ fis = 1kKHz VIS = 5Vp-p 
Distortion = 0.2% Distortion = 0.4% 
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Typical Wave Response (Continued) 


FIGURE 15. TYPICAL SINE WAVE RESPONSE OF VDD=+2.5V, FIGURE 16. TYPICAL SQUARE WAVE RESPONSE AT VDD=VC 
VSS = -2.5V = +15V, VSS = GND 


Scale: X=0.2ms/Div Y =2.0V/Div Scale: X= 100ns/Div Y = 5.0V/Div 


FIGURE 17. TYPICAL SQUARE WAVE RESPONSEATVDD=VC FIGURE 18. TYPICAL SQUARE WAVE RESPONSE AT VDD=VC 
= +10V, VSS = GND = +5V, VSS = GND 


Scale: X= 100ns/Div Y = 5.0V/Div Scale: X=100ns/Div Y =2.0V/Div 


0 vc 
tr=tf=20ns VC VDD =+10V Le 
VOS WITH TEST UNIT 
Vie « (1 SWITCH OF 


Voe  CD4016BMS PLUGGED 
IN TEST FIXTURE) —” 


VOS FIXTURE ALONE 
ALLUNUSEDTERMINALS = (NO UNIT. . TERM 
ARE CONNECTED TO VSS 5 TO 3 OF SOCKET) ™ 


(a) (b) 


VC = 10V/Div 
VOS = 0.2V/Div 
t= 100ns/Div 


FIGURE 19. CROSSTALK-CONTROL INPUT TO SIGNAL OUTPUT 
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VDD 


ll as 
Vis c 


tr=tf=20ns 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 20. PROPAGATION DELAY TIME SIGNAL INPUT (Is) 
TO SIGNAL OUTPUT (VOS) 


vc (13) 


SWITCH THRESHOLD jfanen IS DEFINED AS THE VOLTAGE 
APPLIED TO A TRANSMISSION GATE CONTROL WHICH CAUSES 
or OF TRANSMISSION GATE CURRENT 


FIGURE 22. SWITCH THRESHOLD VOLTAGE 


0 y e e 
tr=tf=20ns 
CD4016BMS 


Vi. = VDD OR VSS 


ALL UNUSED TERMINALS 

ARE CONNECTED TO VSS 
VSS ¢ : 

VDD 


REP 


RATE 
vce 

- ee ; tr=tf=20ns 
ae ee a ve -~—STs~~DD , oo 
0 : ¢ 

tr=tf = 20ns << ra 
oI CD4016BMS > Vos 

Vie = vp 
ALL UNUSED TERMINALS _ RL = 10KQ 
ARE CONNECTED TOVSS __ 

. vss ¢ 


FIGURE 21. MAXIMUM CONTROL-INPUT REPETITION RATE 


MEASURED ON BOONTON CAPACITANCE 
BRIDGE MODEL 75A (1MHz) 


VC =-5V Vis 
VSS = -5V 
VDD = +5V 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 23. CAPACITANCE CIOS AND COS 


50% 
vc 
; —— > | tPZH pm 
Vos RLTOVSS . 
>| :PZL Bae . Vi, TO VDD 
Vv RL TO VDD 
iad 10% Vig TO VSS 


FIGURE 24. TURN-ON PROPAGATION DELAY CONTROL INPUT 


Chip Dimensions and Pad Layout 
O 0) 2 30 40 a oe 


(1. 347-1 349) 


| (0. 02-0. 284 


(1. 245-1 447) | 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: 


Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 i 
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Features 

e High Voltage Types (20V Rating) 

e Fully Static Operation 

¢ Medium-Speed Operation 10MHz (Typ) at VDD = 10V 
e Standardized Symmetrical Output Characteristics 

e 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 


e Meets All Requirements of JEDEC Tentative Standard 
Number 13A, “Standard Specifications for Description 
of ‘B’ Series CMOS Devices” 


Applications 

e Decade Counter/Decimal Decode Display (CD4017BMS) 
e Binary Counter/Decoder 

e Frequency Division 

Counter Control/Timers 

Divide-by-N Counting 


e For Further Application Information, See ICAN-6166 “COS/MOS 
MSI Counter and Register Design and Applications” 


Description 

CD4017BMS_ - Decade Counter with 10 Decoded Outputs 
CD4022BMS_ - Octal Counter with 8 Decoded Outputs 
CD4017BMS and CD4022BMS are 5-stage and 4-stage 
Johnson counters having 10 and 8 decoded outputs, respec- 
tively. Inputs include a CLOCK, a RESET, and a CLOCK INHIBIT 
signal. Schmitt trigger action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock input pulse rise and fall 
times. 


These counters are advanced one count at the positive clock sig- 
nal transition if the CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited when the CLOCK 
INHIBIT signal is high. A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter configuration permits 
high speed operation, 2-input decode gating and spike-free 
decoded outputs. Anti-lock gating is provided, thus assuring 
proper counter sequence. The decoded output are normally low 
and go high only at their respective decoded time slot. Each 
decoded output remains high for one full clock cycle. A CARRY- 
OUT signal completes one cycle every 10 clock input cycles in 
the CD4017BMS or every 8 clock input cycles in the 
CD4022BMS and is used to ripple-clock the succeeding device 
in a multi-device counting chain. 

The CD4017BMS and CD4022BMS series types are supplied in 
these 16 lead outline packages 


Braze Seal DIP *“H4WSOTH4X 
Frit Seal DIP *“H1F 8 tHIE 
Ceramic Flatpack H6W 

*CD4017B Only t CD4022B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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CD4017BMS 
CD4022BMS 


CMOS Counter/Dividers 


Pinouts 
CD4017BMS 
TOP VIEW 
5 {1 VDD 
1 [2] 45] RESET 
0 [3| 14] CLOCK 
2 (4! 143] CLOCK INHIBIT 
6/5. CARRY OUT 
716 41] 9 
3 4 
NC=NO 8 
CONNECTION ‘°° EB EI 
CD4022BMS 
TOP VIEW 
1[1 46] VDD 
0} 2] RESET 
213] 44] CLOCK 
514 43] CLOCK INHIBIT 
615. 142] CARRY OUT 
nc [6] 44] 4 
3 140] 7 
NC = NO vss NC 
CONNECTION = 9) 
Functional Diagrams 
CD4017BMS 
CLOCK gL “on 
CLOCK INHIBIT 2 | sa he 
RESET 4 | “a: 
7 | “3” DECODED 
10 | a4" DECIMAL 
1 : “5” OUT 
5 “6” 
VCC = 16 6p 
VSS = 8 9 2. 
11 | 9 
12 | 
CARRY OUT 
CD4022BMS 
CLOCK —114. 2 -~ “o” 
CLOCK INHIBIT : 1 * i 
: 3 6iryee 
Been a > L— «3 $ DECODED 
11 ; “qn OUT 
4 2 
S rr 
VCC = 16 , q 
VSS =8 CARRY OUT 


File Number 3297 


Specifications CD4017BMS, CD4022BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V Thermal Resistance ..............-. Gia 6. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V __ Flatpack Package ................ 70°C/W 20°C/W 

~ DC Input Current, Any One Input............. cc cece eee ees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range............... -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ...............+. +265°C _ Device Dissipation per Output Transistor. ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... ccc cc cee cet cee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


__ CONDITIONS (NOTE 1) 


GROUP A 


ee ee coca 
Supply Current ~ IDD: ]VDD=20V,VIN=VDDorGND [| 1 | ~~ #25 | - | 10 | nA | 
ANS ee 
__|vOD=18V, VIN=VDDorGND_ | 3 | SPC | 10 pA 
Input Leakage Current |. IIL. |VIN=VDDorGND |vDD=20 | 1 | 425°C | -100] - | na | 
OE ae ae 
vopsiev[ 3 | 55° | -100 | - | ma 
Input Leakage Current VIN=VDDorGND |vobD=20 | 1 #2+| 425 | - | 100 | na | 
ae pec |= 1000 |__| 
voD=tev] 3 P| 100 |_| 
Output Voltage] VOL15 |VDD=15V,NoLoad | 1,23 |+25°C, +125°C, 55°C] = | 50 | mV 
#25°C, +125°C, -55°C| 14.95| - | V_| 
Output Current (Sink) | 10L5__|vbD=s5v,vouT=o4v | tes sa | | ma | 
Output Current (Sink) | 10L10_[vobD=tov,vouT=o5v | tT 252.4 || ma 
Output Curent (Sink) | 10L15 [voD=15v,vouT=15v_ | tect | ma 
Output Current (Source)] IOHSA_|VDD=5V,VOUT=46v_ | tg 0.53 | mA 
OutputCurrent (Source)| IOHSB |VDD=5V,vouT=25v_ Tt | 25 | 1B | mA 
Output Current (Source)| IOH10_|voD=1ov,vouT=95v_ [tT ves || 4.4 | mA 
Output Current (Source)| 1OH15_[VOD=15v,vouT=135V_ ||P mA 
IN Threshold Votlage | VNTH [VDD=10V,IsS=-1a__| 1 | sc | 28 | 07 
vPTH |VSS=0v,IDD= 1a [1 | wee | o7 | 28 | v_ 
Functional F VOH > v 
gia 
(Note 2) | | 
(Note 2) 
(Note 2) VOL < 1.5V 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
_ implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 

SYMBOL} CONDITIONS (Note 1,2) _ | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Decode Out TPLH1 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER CONDITIONS (Note 1, 2) 


Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Clock to Carry Out TPLH2 


TPHL3 | VDD = 5V, VIN = VDD or GND 
TPLH3 - 


TTHL | VDD =5V, VIN = VDD or GND 


FCL VDD = 5V, VIN = VDD or GND 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


‘PARAMETER 


Supply Current 


GROUP A 
SUBGROUPS 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


Propagation Delay - 
Reset to Out 


Transition Time 
| 10, 11 


Maximum Clock Input 
Frequency 


LE 
a 


10,11 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


LIMITS 


2) tele tele eele ly lel eP PEPE 


UNITS 


-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


_ 
ao 
© 


~ 
m 
= 
"~ 
2 
= 
Cc 
ee) 
m 

b 

Ne) 


Output Voltage VOL [VDD = 5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOL {VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOH VDD = 5V, No Load +25°C, +125°C, V 
-55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 


VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V 


Output Current (Sink) IOL5 |VDD =5V, VOUT =0.4V i 
VDD =15V, VOUT = 13.5V | 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage Low . VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 


to ary Gut | TPLH2 
ano ie 
Transition Time TTHL +25°C 


Maximum Clock Input FCL - 1,2,3 425°C 
Minimum Setup Time 725°C 
Clock Inhibit to Clock | +25°C 


Setup 
VDD = 15V +25°C 


VDD = 5V +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


LIMITS 


NOTES TEMPERATURE 


+25°C, +125°C, 
-55°C 
+25°C, +125°C, 7 
-55°C 
+25°C 
+25°C 
+25°C 
+25°C 
—+25°C 
+25°C 


UNITS 


NO 
NJ 
oO 


_ 
NJ 
=) 


1 


N 


0 


o U 
os 
©] 
8 2 
a 8 
oo 
Os 
on 

pet) 
< 

Q 

8 

x 
4H 
oe 
Lr 
ah oh 
<i< 
OoO1oO 
OTo] 
uo 
at, ody 
ol1ot 
<i< 


o>) 


Minimum Reset Pulse 
Width 


Minimum Clock Pulse TW VDD = 5V 


Width 


no] 


Zz 
T 
S 
s) 
i 
3 
< 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


N 
a 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C VOH > 
VDD/2 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL ih NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time | TPHL |VDD=5V 1,2, 3,4 i 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Suppycorent-Msi2— | [=ta SCS 
[Output Curent Source) | 1OHSA_[+20%xPre-Test Reading | 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[Poa Woiety) __——~+t toon soos | ————i Dates PCS 


PDA (oe OC 
Foaitest __———S~S~wt~Ct 00 COI CdPSCSCSC~C~S 
[Group + Sample soos [4.2.3 7,eaeaoi0n | ——SS~—S 
Group B 


Subgroup66 | Sampiosoos | nS 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 | TEST READANDRECORD 
CONFORMANCE GROUPS METHOD [| PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group Subgroup Ee A B, 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION 9V + -0.5V 


PART NUMBER CD4017BMS AND CD4002B 


Static Burn-In 1 1-7,9-12 14, 16 

Note 1 

Static Burn-in 2 1-7,9-12 8, 14 

Note 1 

Dynamic Burn- 8, 13, 15 1-7,9-12 14 
In Note 1 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Logic Diagram 


| 4 >-© ° 
oT )-4>-© - 
Dp p>.o- 
rT -4>-0 - 


*CLOCK 


> 7 
Cera a r = 


VSS 


* All Inputs Protected by CMOS Protection Network __ 
FIGURE 1. CD4017BMS 
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Logic Diagram (Continued) 
CARRY 


TT pO - 
>p--@ 8 


*CLOCK * All Inputs Protected by CMOS Protection Network 


INHIBIT 


FIGURE 2. CD4022BMS 
Timing Diagram 
CLOCK SUT LPL re CLOCK FASS 


PRESET PRESET a a 
CLOCK 7 CLOCK re 


INHIBIT. INHIBIT 
“9” 0 \ fo \ scsi “Q” 0 L lo t—___________ ol 
a c ) aa a as A i nee 
dl eee eee ie 
I a I ON | 
as rH - ee, 5) OE, cy rg eee 
OR a ia ON 5 a ad 
“5” j 5 \ “an rq rm 
ee a re enesetee! Bf || See ee eee ee 
5” aan 7) aka seen reer! | Laer 
DP aa a 
foe I fj A ae! yy 2a meee 
a ee ee eee ae ae eae ee : 6 6 
a ee a 
CARRY CARRY 
OUT Mg ee QE eer ee hee 
FIGURE 3. CD4017BMS FIGURE4. CD4022BMS 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C a 


< < 
E E 
© a 3 
= GATE-TO-SOURCE VOLTAGE (VGS) = 15V = 
ul 
E 2 + 
3 3 
ge 20 o 
= z 
: 15 Fd 
ee : 
Es 
: 
0 5 10 15 ; : -- a 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 15 10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 


20 30 40 50 #60 80 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL TRANSITION TIME AS AFUNCTION OF _— FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE (CLOCK TO 
DECODE OUTPUT) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V —}—— 


=a » ae 
foiseeoaed 
eee 


== 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


ere A OReTAICE aa cae 


FIGURE 11. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO CARRY OUT) 


When the N" decoded output is reached (N"" clock pulse) the S- 
R flip-flop (constructed from two NOR gates of the CD4001B) 
generates a reset pulse which clears the wiptle peas or 
CD4022BMS to its zero count. At this time, if the N!" decoded 
output is greater than or equal to 6 in the CD4017BMS or 5 in the 
CD4022BMS, the Coyr line goes high to clock the next 
CD4017BMS or CD4022BMS counter section. The “0” decoded 


CLOCK 


a TS 
CLOCK 
INHIBIT 


TPRLH 


RESET 


DECODE 
1-9 
OUTPUT 
DECODE 
“Qo” OR 
CARRY 
OUTPUT 
Delays Measured Between 50% levels on All Waveforms 


FIGURE 13. PROPAGATION DELAY, SETUP, AND RESET RE- 
MOVAL TIME WAVEFORMS 


TPHL 


| Cc R 
o CE CD4017BMS | 
Qo Qt... Q8 Q9 


Cc 


9 DECODED 
OUTPUTS 


CLOCK 


FIRST STAGE 


R 
CE CD4017BMS 
Qo ai... 


8 DECODED 
OUTPUTS 


INTERMEDIATE STAGE 


40° 


107 va 


AMBIENT TEMPERATURE (Ta) = +25°C 
INPUT tr = tf = 20ns 


LOAD CAPACITANC 2 oe 
eer Od 

S CL = 15pF eons Simmel 
= 104 eto dBi! 
ra) ry oe ee 
o SUPPLY VOLTAGE [| Tt _ tn 
Zz (VDD) = 15V p Rimmall 
E403 TTL TTL LT 
o - am'ath tet 
2 | A sth | itt ft TTT 
a 7a a Dim mall 
& pl imi 
= 7 “Tritt ttt 
re) |_| BE mee 
a | 
Cl 

| 


1 10 © 102 10° 104 10° 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 12. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK INPUT FREQUENCY 


output also goes high at this time. Coincidence of the clock low 
and decoded “O” output low resets the S-R flip-flop to enable the 
CD4017BMS or CD4022BMS. If the N° decoded output is less 
than 6 (CD4017BMS) or 5 (CD4022BMS), the Cour line will not 


.go high and, therefore, cannot be used. In this case “O” decoded 


output may be used to perform the clocking function for the next 


counter. 
CD4017BMS 
OR 
CD4022BMS 
ALTERNATE Coy 


N DECODED |O DECODED 
OUTPUTS 
FORN=27T010 


setieeae oenadensasae f= CLOCK+N 


CLOCK Court FOR N26 


f= CLOCK +N 


CLOCK 
INHIBIT 


FIGURE 14. DIVIDE BY N COUNTER (N < 10) WITH N DECODED 
OUTPUTS 


c R 
o] CE CD4017BMS 
fQo Qi... as 


Qs Q9 | 


o | 


8 DECODED 
OUTPUTS 


Seocerccccesesseusousensccese 


LAST STAGE 


FIGURE 15. CASCADING THE CD4017BMS 
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Chip Dimensions and Pad Layouts 


Ly 4-10 . 
(0.102-0.254) 105 119 


(2.591-2.794) 


CD4017BMSH 


10- 


a 4-10 
0.102-0.254) 
87-95 
(2.2102. 413) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions - 
as indicated. Grid graduations are in mils (10% inch) - 


CD4022BMSH 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 © 
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Features Description 
e¢ High Voltage Type (20V Rating) CD4018BMS types consist of 5 Johnson-Counter stages, 


Medium Speed Operation 10MHz (typ.) at VDD - VSS = 
10V 

Fully Static Operation 

100% Tested for Quiescent Current at 20V 
Standardized Symmetrical Output Characteristics 

5V, 10V and 15V Parametric Ratings 

Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 

- 100nA at 18V and 25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1V at VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


Fixed and Programmable Divided- By-10, 9, 8, 7, 6, 5, 
4, 3, 2 Counters 


buffered Q outputs from each stage, and counter preset con- 
trol gating. CLOCK, RESET, DATA, PRESET ENABLE, and 
5 individual JAM inputs are provided. Divide by 10, 8, 6, 4, or 
2 counter configurations can be implemented by feeding the 
05, 04, Q3, Q2, Qi signals, respectively, back to the DATA 
input. Divide-by-9, 7, 5, or 3 counter configurations can be 
implemented by the use of a CD4011B to gate the feedback 
connection to the DATA input. Divide-by: functions greater 
than 10 can be achieved by use of multiple CD4018BMS 
units. The counter is advanced one count at the positive 
clock-signal transition. Schmitt Trigger action on the clock 
line permits unlimited clock rise and fall times. A high 
RESET signal clears the counter to an all-zero condition. A 
high PRESET-ENABLE signal allows information on the JAM 
inputs to preset the counter. Anti-lock gating is provided to 
assure the proper counting sequence. 


The CD4018BMS is supplied in these 16-lead outline pack- 
ages: 
Braze Seal DIP H4T 


Frit Seal DIP H1F 
Ceramic Flatpack H6W 


¢ Fixed and Programmable Counters Greater Than 10 Functional Diagram 
¢ Programmable Decade Counters JAMINPUTS VDD 
¢ Divide-By- “N” Counters/Frequency Synthesizers 

“on “an 


Frequency Division 
Counter Control/Timers 


PRESET 10 ai 
Pinout sieioaon 

14 ~ om 
CD4018BMS even a1 3 
TOP VIEW _ |e 
DATA Q3 oa 
E 
RESET au} 3 

as 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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Specifications CD4018BMS 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) .............. .. 0.5V to+20V Thermal Resistance ................ Bia 6. 
(Voltage Referenced to VSS Terminals) -.Ceramic DIP and FRIT Package..... -80°C/W 20°C/W 
input Voltage Range, Allinputs ............. -0.5V to VDD +0.5V Flatpack Package .............6. 70°C/W 20°C/W 
DC Input Current, Any One Input................0ceeeeeee +10mA Maximum Package Power Dissipation (PD) at +125°C _ 
Operating Temperature Range................ (-55°C to+125°C == For TA= -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ................- +265°C — Device Dissipation per Output Transistor ....... een 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum — Junction Temperature ....... eee eect cece eee eeenenes +175°C 


Input Leakage Current 


Input Leakage Current VIN = VDD or GND 


+25°C 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| GROUP A 

__rnnueren_|orpee| _eonomensocrey_|eisnoits|_rewrenaune_ [at [war one 
VOO=20v, VN=VODorGND | __1__| aro | - | 10 | wa 

| —-+125°C a 

ee 

lL |VIN=VDDorGND |VDD=20 +25°C | -100 | 

- +125°C | -1000 | 

VDD = 20 +25°C ed 

cad aro 

_ Ce 

(2B, 250, 550] 

(25°C, +125°O, 65°0) 1485 

ee oe 

Tia 

35 

VOD= BV, VOUT = 46V oe 

vipat Curent Sourea)| 1OHS _|VDD=6v, VOUT=25V__ 4 

Output Current (Source)| IOH10 | ss 

Output Curent Source)] OHS |VDD = 16V, VOUT=13.5V = 
En 
3 
|Foncional ee VOHS | VOL < 


VDD = 20V, VIN = VDD or GND 7 wae wee 
VDD = 18V, VIN = VDD or GND . 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low | VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High VIH_ [VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

VIH 


es) 


5 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C fee 


+25°C, +125°C, -55°C 


Input Voltage Low VIL {VDD = 15V, VOH > 13.5V, . 
(Note 2) VOL < 1.5V 

Input Voltage High | VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs 


+25°C, +125°C, -55°C 


Lets] <[<]_<<t={2/2/3]2/9]2/8}<)2]=]= 2/5] [5}5 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER CONDITIONS (NOTE 1) TEMPERATURE 
Propagation Delay VDD=5V,VIN=VDDorGND | 9 | 425°C __ 
Clock To Q TPLH1 40, 11 | +125°C, 55°C 
Propagation Delay VDD = 5V, VIN = VDD or GND +25°C 
Preset To Q TPLH2 


+125°C, -55°C 
Propagation Delay TPLH3 | VDD = 5V, VIN = VDD or GND 
Reset To Q 


+25°C 
4+125°C, -55°C 
NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES _ 


Supply Current 


LIMITS 


PPP “Pee PEI PPP PRE 2] SePPPb PE 


CONDITIONS U 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


VDD = 5V, No Load 


Output Voltage 


a 
So 


Output Voltage VDD = 10V, No Load 


Output Voltage VDD = 5V, No Load +25°C, +125°C, | 4.95 


+ 
ed 
Nh 
on 
° 
©) 


Output Voltage VDD = 10V, No Load 


Output Current (Sink) 


VDD = 5V, VOUT = 0.4V 
VDD = 10V, VOUT = 0.5V 
VDD = 15V, VOUT = 1.5V 
Basen VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V 


| 
VDD =15V, VOUT = 13.5V 

VDD = 10V, VOH > 9V, VOL < 1V 
VDD = 10V, VOH > 9V, VOL < 1V 
Propagation Delay VDD = 10V 

Clock To Q TPLH1 ~ 5V 


Propagation Delay TPHL2 | VDD = 10V 
Preset To Q TPLH2 = 15V 


Output Current (Sink) 


Output Current (Sink) 


Output Current (Source) 


Output Current (Source) 


Output Current (Source) 


ne 
%B 
ao 
+ 
o 

On 
oi 

° 

9 


= 
nh 
+ 
os 
o 
° 
.?) 


Output Current (Source) 


Input Voltage Low 


Input Voltage High 7 


-55°C 


ook, 
~~ 


+ 
nm 
on 
{) 
Q 


2 


ce) 


a _ 
o ro) 


< < 

Oo s) 

oO 7) 
a 
.?) 


»2, 


17°) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay Raset | TPLHG [VOD=tov ‘| 1,2,8 7] asc - | 250 [rs 
ee ee 
TrantionTime | TH [voD=1ov——S~s:S—ia |e —*dt SC S*d;C00 ns 
009 So eee Wal Cee eee ee Sees we 

Maximum Clockinput | FOL |vop=sv——S—S~SsSi | et) 
Frequency voo=tov—S~dCSCi «Yves 
a fees ee a 
Minimum DataSetup | TS [voD=sv_——S—S~sS—i | ed Ys 
Time ed ee 
voostsv—SOSCS~wCi awn dP 

Minimum Data HoldTime| TH voD=sv_——S~sSCia eer «YC 
fessor sro Pe 

VDD = 15V [12,0 | vase] - [60 | ns 

Minimum Clock Puse | TW |voD=sv_—S~sSi | eis 
width [woz SSS—~sS—in Peis 
VDD = 15V 423 [wee | ~~ 80 | ne 

Minimum PreselReset | TREM [voD=sv—~—S~d~—~—isa edi) 
Removal Timo po feosior se 
voo=tsvSSC~d Stn | er] 20] 

Minimum PresevReset | TW [voD=5v——~—S«d~—Sia,,3 wee —«dYSC «dCs 
Pulse Width voostov——SS~sSCi ert C0 | 
[wor ——S~d—S a ete «dC dO 

[input Capacitance | GIN [Anyinput ——-*| 14,2 | wsc | - | 76 | oF 


NOTES: ; 
1. All voltages referenced to device GND. _ 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS . 


PARAMETER SYMBOL CONDITIONS | 
[10D [VOD =20V, VIN= VDD or GND 

N Threshold Voltage VDD = 10V, ISS = -10pA 
N Threshold Voltage | AVTND | VDD = 10V,ISS=-10pA 
Delta 

VDD = 18V, VIN = VDD or GND VOL < V 

= a 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 

2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Curent-msi2 [wo [sim 
[Oupucurent (Sn) | 1018 | =20%xPre‘Test Reading 
[ouput Curent Sous) | 10H5A [20% x reTst Roading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 1, 2,3, 7, 8A, 8B, 9, 10, 11, Deltas 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


IDD, 1OL5, IOH5A 


Subgroups 1, 2, 3, 9, 10, 11 


Subgroups 1,23 


TABLE 7. TOTAL DOSE IRRADIATION 
TEST READ AND RECORD 


MIL-STD-883 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION GROUND ove-osv | 50kHz =| 25kHz 
Static Burn-In 1 4-6, 11,13 1-3, 7-9, 10, 12, 

Note 1 14, 15 

Static Burn-In 2 4-6, 11, 13 1-3, 7,9, 10, 12, 

Note 1 14-16 

Dynamic Burn- 1, 3, 12, 16 7, 14 

In Note 1 

Irradiation 4-6, 11,13 1-3, 7,9, 10, 12, 

Note 2 14-16 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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CD4018BMS. 


Logic Diagram 


RESET 
*Q@9 
PRESET 
ENABLE 


*@ 


OF Oz OK 


FIGURE 1. LOGIC DIAGRAM — 


VSS | cL aN 


*ALL INPUTS PROTECTED 
BY CMOS INPUT 
PROTECTION NETWORK. 


FIGURE 2. DETAIL OF A TYPICAL STAGE 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT’ 
CHARACTERISTICS: 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) ” 
15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT | 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
SUPPLY VOLTAGE (VDD) = 5V ok 
= = | r = 


TRANSITION TIME (tTHL, tTLH) (ns) 


40 
LOAD CAPACITANCE (CL) (pF) 


60 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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q AMBIENT TEMPERATURE (Ta) = 425°C ae 
a es ie ae ieee eel 
z 

o 12.5 

3 

ra 10.0 

a 

5 7.5 

b 5.0 

E 2.5 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS. 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 


AMBIENT TEMPERATURE (Tq) =+25°C © 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (oH) (mA) 


FIGURE 6: MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


SUPPLY VOLTAGE (VDD) = 5V 
‘ ee a re . 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q) 


Typical Performance Characteristics (Continued) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 


AMBIENT TEMPERATURE (Ta) = +25°C 


40 


CD4018BMS 


LOAD CAPACITANCE (CL) (pF) 


FUNCTION OF LOAD CAPACITANCE (RESET TO 


Q) 


Timing Diagram 


(“DATA” INPUT TIED TO Q5 FOR DECADE COUNTER CONFIGURATION) 


CLOCK i 


RESET 


PRESET 


JAM 1 


FIGURE 11. TIMING DIAGRAM 
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POWER DISSIPATION (PD) (yW) 


10° 


® 


-_ 
° 


_DON'T-CARE UNTIL PRESET “GOES HIGH” 


Ho HA 
AF ie 


ACCC 
Cor 


quumece 


” SUPPLY VOLTAGE 
(VDD)=15V. 


BNE VR 
SSNS oT 


4 


vam 
"4 
0, 


a 


ttt 


NAT 


Se U8 OO 8 ee ee 
on. G & NO OR ee eee 


i 
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Uy 
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’ 
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i 
ry 
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nN Ul 


if 
8 2468 


107 102 


INPUT FREQUENCY (fCL) (HZ) 


FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK INPUT FREQUENCY 
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CD4018BMS 


EXTERNAL CONNECTIONS FOR DIVIDE BY 10, 9, 8, 7, 6, 5, 4, 3, 
OPERATION 


iT u2] 3] ua] Js 


DIVIDE BY 6 Connected No External Components 
Back To “Data” }| Required . 

DIVIDE BY 4 Connected No External Components 
Back To “Data” | Required 


CL+7 


DIVIDE BY 9 


1/2 CD4011B FIGURE 13. EXAMPLE OF DIVIDE BY 7 
ar 6 hUN ‘ 
#_ CONNECTED BACK TO “DATA” SS re ee 
= * (SKIPS “ALL-I's” STATE) 5 be : 
OS tee eseteesie Chip Dimensions and Pad Layout 
DIVIDE BY 7 
1/2CD4011B 
Ors ee j 
t_ CONNECTED BACK TO “DATA” 
—+ { (SKIPS “ALL4'o” STATE) 
OR ei cedeeescseds S 
DIVIDE BY 5 
1/2 CD4011B 
(7 ee 
)_ CONNECTED BACK TO “DATA” 
— 7 (SKIPS “ALL4's” STATE) 
OS% ie seesuwewese as y - 
(2.159- 2.362) 
DIVIDE BY 3 
1/2 CD4011B 
ti KN === 
, )_ CONNECTED BACK TO “DATA” i 
— ) (SKIPS “ALL4’s” STATE) 
© Se GE ade ee ape, ES J 


o 
oO 
O 
a 


FIGURE 12. EXTERNAL CONNECTIONS FOR DIVIDE BY 10, 9, 
8, 7, 6, 5, 4, 3, 2 OPERATION 


=n. — Ure 


er 1 :) 
(0.102-0. 254) 
77-85 
(1.956- 2.159) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane - 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 


¢ High Voltage Type (20V Rating) 

e Medium Speed Operation tPHL = tPLH = 60ns (typ.) at 
CL=50pF, VDD=10V 

Standardized Symmetrical Output Characteristics 

100% Tested for Quiescent Current at 20V 

5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; 
- 100nA at 18V and 25°C 


Noise Margin (Over Full Package Temperature nenge): 
- 1Vat VDD =5V ; 

- 2Vat VDD =10V 

- 2.5VatVDD=15V — 


Applications 

e And/Or Select Gating 

° Shift-Right/Shift-Left Registers. 
¢ True/Complement Selection 

° muir eeuenece Selection 


Description - 


CD4019BMS types consist of four AND/OR select gate con- 
figurations, each consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is accomplished by con- 
trol bits Ka and Kb. In addition to selection of either channel 
A or channel B information, the control bits can be applied 
simultaneously to accomplish the logical A + B function. 


The CD4019BMS is supplied in these 16-lead outline pack- 
ages: 

Braze Seal DIP H4T 

Frit Seal DIP H1E . 

Ceramic Flatpack H3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 
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CD4019BMS 


CMOS Quad AND/OR Select Gate 


Pinout 
| CD4019BMS 
TOP VIEW 
B4/ 1) 46] VDD 
A3 {2 45] A4 
B3 | 3) 14] Kb 
A2| 4 13} D4 = A4 Ka + B4 Kb 
B2 15] H2] D3 = A3 Ka + B3 Kb 
A1/6| 41] D2 = A2 Ka + B2 Kb 
B1 10] Di = Al Ka +B1 Kb 
vss [8 | 19] Ka 
Functional Diagram 
Ka Kb 
AA 
B4 
A3 
B3 
A2 
B2 
A1 


Bt 


File Number 3299 


Specifications CD4019BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oia Gi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... B0°C/W 20°C. 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........+.e0. 70°C/W 20°C/W 

DC Input Current, Any One Input.... 2.0.00... cc cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............02- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mMW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum . Junction Temperature 2.0... cee cece ee eee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


enourk 
| pansneren_|svwoot| _cowomons wore» _|susenouPs|_rewpenarune_ [in [AE fun 
Supply Current VDD=20V,VIN=VDDorGND | 1 | #25 #| - | 2 | pa | 
_ 2 taro | 200 | pa | 
VOD=18V,VIN=VDDorGND_ {| 3] sc S| A 
Input Leakage Current | IIL |VIN=VDDorGND |vDD=20 {| 1 | 425% ~~ | -100] - | nA | 
tell eer oe ee oe 
4 woo=tev{ 3 | ssc | 100 | - | na 
Input Leakage Current VIN=VDDorGND |vpD=20 | 1 #-| 425 | - | 100 | nA | 
ae ied 25°C |_| 1000 |__| 
vop=1avj_ 3 | P| 100 | 
[OutputVotage | VOLTs |vOD=16V,NoLoad «| 4,2, [s05°O, v125°0, s6ro] - | 50 | mv | 
Output Voltage | VOH15 [VDD =15V,NoLoad(Note3) | 1,2,3 | +25°C, +125°C, 55°C| 14.95] - | Vv _ 
Output Current (Sink) | 10L5_|voD=5v,vouT=04v | tT C3 | - | mA 
Output Current (Sink) | 1OL10_|voD=10v,vouT=o5v | tT 25°C | mA 
VDD = 15V, VOUT = 1.5V ee ee ee 
[OutputGurrent(Sourca)| IOHGA |vOD= sv, vouT=4ev__ [1 | sec] - | 053] ma | 
OutputCurrent (Source)|_1OH5B_|vDD=5v,vouT=25V_ | tT PCT 1.8 | mA 
[Output Current Sourca)] 1OH10 |vDD=t0v, vouT-9sv_| 1 | ware —*| -~*dt ta 
Output Current (Source)|_IOH15_[VDD = 15V, VOUT = 13.5V a ee ee 
VNTH [VDD = 10V, ISS = OHA a 
VPTH_|VSS=0v,1DD=1a_——*+4Y| 1 ~—S*dY~SSCtt Sidi | ee | 
Functional F VOH>|VOL<} Vv 
aoa Ics 
(Note 2) 
ee 
(Note 2) 
VDD = 15V, VOH > 13.5V, fee 425°C, +125°C, -55°C aales 
(Note 2) VOL < 1.5V 
Input valeie High VDD = 15V, VOH > 13.5V, ae 4 425°C, +125°C, -55°C eat ak ee 
(Note 2 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. GOo/No Go test with limits applied to inputs 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay ~ TPHL | VDD =5V, VIN = VDD or GND 

moni TPLH © 7 

Transition Time TTHL | VDD = 5V, VIN = VDD or GND 
TTLH oo 


NOTES: | . 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Supply Current VDD = 5V, VIN = VDD or GND 1,2 -55°C, +25°C 
- +125°C 


LIMITS 


PPP 


UNITS 


-55°C, +25°C 


VDD = 10V, VIN = VDD or GND 1,2 -55°C, +25°C 
+125°C 


VDD = 15V, VIN = VDD or GND 
VDD = 5V, No Load 
VDD = 10V, No Load 


- 4+425°C 


+25°C, +125°C, 


Output Voltage 


-55°C 


MIN 

ae 

oes 

ae 

et 

aoe 

a 

+25°C, +125°C, Les 

-55°C 
| 7 55°C 

0.36 | 
0.64 | 
| 0.9 | 
| 16 
| 24 | 
| 42 
Eo 
a 
a 


VDD = 5V, No Load 
Output Voltage = 


ae VDD = 10V, No Load 
Output Current (Sink) IOL5 =| VDD = 5V, VOUT = 0.4V ; 
Output Current (Sink) IOL10° {| VDD = 10V, VOUT = 0.5V 


+25°C, +125°C, 
-55°C 


VOL 
VOL 
VOH — 

VOH 


Output Current (Source) | VDD = 5V, VOUT =2.5V 
Output Current (Source) ae VDD = 10V, VOUT = 9.5V 
ti 


Output Current (Source). | VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V oe +25°C, +125°C, | 7 
-55°C 
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Specifications CD4019BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 


Propagation Delay TPHL |VDD=10V 
TPLH 


Ca 

=a 

yoo=vSC~iC tw | 
ree a 
ae 

ane 


NOTES: 


1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


H 
N 
N 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND a ee +25°C 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


a Ha 
VOH> | V 
VDD/2 | V 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SumpiyGurent-wSH1 | __D*ieomA 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOH5A 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 


PDA (Note 1) 100% 5004 1,7, 9, Deltas fe ee ee 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
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Specifications CD4019BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


| - MIL-STD-883 ma 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 


READ AND RECORD 
“PDA (Note 1 100% 5004 nodes | SSOSCS~CS 
Find Test | 100% 6004 2,3,04,08,10,11 «| SSCS 


feud —————~d|Sampiesoos | =i 3.0n08,0——*(Subgromen2a 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST . READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 5005 Table 4 ae ae Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR — 
FUNCTION eviosv | soKHz | 25H —| 
Static Burn-in 1 1-9, 14, 15 
Note 1 
Static Burn-in 2 1-7,9, 14-16 
Note 1 
Dynamic Burn- 1-7,9, 14, 15 
In Note 1 
Irradiation 10 -13 1-7,9, 14-16 
Note 2 


NOTE: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 


z 


TRUTH TABLE 


7-766 


CD4019BMS 


Typical Performance Characteritics 


AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 5 
AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V | 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C im 
SUPPLY VOLTAGE (VDD) = 5V_91 ae 
= E 4 s p a 


200 


TRANSITION TIME (tTHL, tTLH) (ns) 
an 
Oo 


0 20 40 6 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


q AMBIENT TEMPERATURE (Ta) = +25°C —_ 
z.1 | | | | | 
& ioe Ed GATE-TO-SOURCE VOLTAGE (VGS) = 15V 

oc = 

fea wz 

: 75 

E 5.0 

E 25 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) =-5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteritics (Continued) 
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CD4013B 
OR EQUIV. 
SELECT 
“B” REGISTER 


~ 
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x 
Net? 


REGISTER 


@ 
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CD4013B 
OR EQUIV. 


rt oS 2 
Set, Glin mle 


NINENITLOIL 
CENT LIT 


= Wah ee Ee Ee 2 Ge Os ee 


NSS 


“INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 


SS QQaaaeanaadsd 


Se 
eI. 


*@Se @Qaeveeaaeven 


CD413BiOR EQUI 


tH td 


FUNCTION OF INPUT FREQUENCY 


(VDD) = 15V 
a 
fi 
Na 
a 
ay 
4 
r] 
A\ 
+4 
a 
A 
vee 


CENT 
1 


rm be : = 


“B” REGISTER 


10% AMBIENT TEMPERATURE (Ta) = +25° 


~ (M1) (ad) NOLLVdISSIC HaMOd. 


CD413BjOR EQUIV 


| Typical Applications 


OUT 4 


OUT 2 OUT3 
FIGURE 9. AND/OR SELECT GATING 
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OUT 1 


CD4019BMS 


Typical Applications (Continued) 


SHIFT SHIFT 
RIGHT pecks _ LEFT INPUT 
INPUT , 
’ (Kb) 
é 
(Ka) SHIFT 
SHIFT ’ 
} RIGHT 
LEFT ' SELECT 
SELECT ‘ 
' 
é 
; 
CD4019B: 
—-> CL 
, RIGHT 
CL ' OUTPUT 
H 
$ 
SHIFT ‘ 
LEFT 4 
OUTPUT 
FIGURE 10. “SHIFT LEFT/SHIFT RIGHT” REGISTER 
’ PAD DADA A DBAS AABAAABADAEABAABASGAALAAS 
r ; 
é 
oe 
O 
| De 3 
Sg 
} CD4013B 
CPA af. 
(Kb) 
(Ka) COMPLEMENT 
_ TRUE SELECT 
SELECT 


SBWBBVSNuesqevesVessevss_sVegesoeoa 
BeBWBVWBeseVWmesevewveessesvveaesgeaa 


FIGURE 11. “TRUE COMPLEMENT” SELECTOR 
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Typical Applications (Continued) 


Al Bt A2  B2 ASB A4 BA 
T= E [ ih feo 
CD4001B ~ ©D4001B cD4001B 
OR EQUIV 


OR EQUIV 


Wwemnecemneenceneuand 
weveveneeaneesueent’ 


r 
‘ 
‘ 
‘ 
‘ 
‘ 
‘ 
’ 
;  OREQUIV 
‘ 
’ 
‘ 
‘ 
’ 
‘ 
‘ 
‘ 
’ 


CD4001B OR EQUIV: 


BSeseeeseeeaeaaeusaezansr 
SEDETEVWBEWSYSESVEBWSTSSESSESS* 
weuuseeueuneuceaeaue! 
gee seesencacaseseses 


BPmewenueeeeeeaeeeuea 


a Ee, ee ia eter ie wo Wee ee gage ie - 
Be ee ae Ot re ee Sg erty gg rr ee ge FE, Le Sq aaesen natant teataerr sy 
\ CD4001B OR EQUIV 
‘ teweneocepeccesee é 
Al @ B1 Ai eB1 A2B2 A2¢B2 A3@B3 A3 -B3 A4 0 B4 A4 e B4 
ma 5 ee ce i) ae eT al A a i jo 
= es | Ly a si Le Lea a 


PPP AODBAEBABDARBABAAPBDAABDOBDBIAESBABBAALE PF DAL OAODABMAAAAAABAA FARA P ATH ABSA ASAAASAAABBYDSVA*S**“&S®D 


OUT2 OUT3 
FIGURE 12. AND/OR EXCLUSIVE-OR SELECTOR 


TRUTH TABLE 


METALLIZATION:. Thickness: 11kA - 14KA, AL. 
, PASSIVATION: 10.4kA - 15.6kA, Silane 

’ BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


= (0. 02 6 254) -_ 
(I 702- i 308) 
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CD4020BMS, CD4024BMS 
a MARIS CD4040BMS 


CMOS Ripple-Carry Binary 


December 1992 ~ Counter/Dividers 
Features Pinouts 
e High Voltage Types (20V Rating) CD4020BMS 
TOP VIEW 


¢ Medium Speed Operation 

e Fully Static Operation 

e Buffered Inputs and Outputs 

¢ 100% Tested for Quiescent Current at 20V 

e Standardized Symmetrical Output Characteristics 
¢ Common Reset Zz 3 

e 5V, 10V and 15V Parametric Ratings 


e¢ Maximum Input Current of ipa at 18V Over Full Pack- 
age-Temperature Range; 


- 100nA at 18V and 25°C 
e Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V_ 
- 2V at VDD = 10V CD4024BMS 
- 2.5V at VDD = 15V 7 TOP VIEW 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications For Description Of 
‘B’ Series CMOS Devices” 


Applications 


e¢ Control Counters 

e¢ Timers 

e Frequency Dividers 
¢ Time-Delay Circuits 


LOGIC 


Description NC = NO CONNECTION 
CD4020BMS - 14 Stage 
CD4024BMS - 7 Stage CD4040BMS 


CD4040BMS - 12 Stage TOP VIEW 


CD4020BMS, CD4024BMS, and CD4040BMS are ripple- 
carry binary counters. All counter stages are master-slave 
flip-flops. The state of a counter advances one count on the 
negative transition of each input pulse; a high level on the 
RESET line resets the counter to its all zeros state. Schmitt 
trigger action on the input-pulse line permits unlimited rise 
and fall times. All inputs and outputs are buffered. 


The CD4020BMS, CD4024BMS and the CD4040BMS is 
supplied in these 14 lead outline packages: 


CD4020B CD4024B CD4040B 


Braze Seal DIP H4w H4Q H4X 
Frit Seal DIP H1F H1B H1F 
Ceramic Flatpack H6W H3W H6W 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3300 
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~ Specifications CD4020BMS, CD4024BMS, CD4040BMS- 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V Thermal Resistance .............06- Ga 5. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... B0°C(WW = 20°C /W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............06. 70°CAW 20°C/W 

DC Input Current, Any One Input. ..... 2... ccc eect eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............6. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum oon Junction Temperature ... 1.6... cece ccc c cece ee eeeee « +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | LIMITS 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS] TEMPERATURE | MIN | MAX |UNITS 


Supply Current VDD = 20V, VIN = VDD or GND 
perenne Ere 
VOD = 18V,VIN=VODorGND_ | 3] SSC 
Input Leakage Current a ee ee 


+125°C 
-55°C 
+25°C 
. +125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 


HL VIN=VDDorGND- |VDD=20 

VDD = 18V 

Input Leakage Current VIN=VDDorGND- |VDD=20 
VDD = 18V 


img) [1015 
i 


fe} Ko} Ko) Ke) 
cic pcic 
Sisici¢c 
ercirecic 
oe | =o f -o | - 
O1loOl<l< 
cisisis 
8|3 18 \8 
SISlolo 
om i =™ 
HIN 
= le ee | 
Kin 
ee a bd 
—) = 
N > 


te} st 42 PPB BBI BEER ES 


+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


+25°C 
Output Current (Source)} IOHSA_|VDD=5V,VOUT=4.6V +25°C 
JOutput Current (Source)|_ IOHS8_ [VDD =5V,VOUT=2.5V #25°C 
Output Current (Source)}| IOH10 | +25°C 
|Output Current (Source)| IOH15 |VDD = 15V, VOUT = 13.5V +25°C 
VNTH {VDD = 10V, ISS = -10pA +25°C 
25°C 
a +25°C VOH > | VOL < 
VDD/2. 


Functional F 7 
7 
28 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 

Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, ; 

VOL < 1.5V 

V 


Input Voltage High IH_ =| VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. ae is 0.050V max. : 
2. Go/No Go test with limits applied to inputs . 


Q 


- 
z 
° 
-— 
© 
no 

—_ 

Q) 


+25°C, +125°C, -55° 


=_— 
2 
°o 
— 
@ 
a) 

— 


425°C, +125°C, -55° 


z 
fo) 
—* 
@® 
NO 
—_ 
; 


2) 


+25°C, +125°C, -55° 


_ 
z 
° 
—* 
fe) 
NO 

—_ 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


3 | GROUP A 
PARAMETER  §$|SYMBOL] CONDITIONS (NOTE 1, 2) SUBGROUPS 

Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
0ToQ!1 TPLH1 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Qn To Qn + 1 TPLH2 
Propagation Delay TPLH3 | VDD = 5V, VIN = VDD or GND 
Reset To Q TPHL3 
Transition Time TTHL | VOD =5V, VIN = VDD or GND 
Qi TTLH 
Maximum Clock Input FCL |VDD=5V, VIN = VDD or GND 
Frequency . 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND Lo 4 
VDD = 10V, VIN = VDD or GND oe 


LIMITS 
MAX 


TEMPERATURE 
55°C, +25°C | 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


UNITS 


150 


— 
VDD = 15V, VIN = VDD or GND 
Output Voltage VDD = 5V, No Load 
Output Voltage | VoL | VDD=10V, No Load 1,2 $25°C, +125°C, 
-55°C 
Output Voltage VOH_ {VDD =5V, No Load +25°C, +125°C, 
| 55°C 
Output Voltage VOH | VDD = 10V, No Load 1,2 +25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V +125°C 
5°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V 1,2 +125°C 
| -55°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 4+125°C 
| 55°C 
Output Current (Source) | IOH5A | VDD =5V, VOUT = 4.6V 3 
Output Current (Source) | 1OH5B | VDD =5V, VOUT = 2.5V +125°C 
-55°C 


+125°C 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V Ls +125°C 
-55°C 


2.4 
4.2 


e 


eel te ePEPEP 


-55°C 


“1.15 m 


E 


3 


Bee 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


TEMPERATURE| MIN | MAX | UNITS 
24 [me 
Zz 


CONDITIONS NOTES 


VDD =15V, VOUT = 13.5V 


PARAMETER 
Output Current (Source) 


SYMBOL 


ee 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


oe 
a 
ee 
a ee ee 
ee 
ae ee 
ae 
ee 
ee 
ee 
| 8 | 
| 12 | 
es 
fae 
Pees 
Pe 
ee! 
he 
ae 
eee 
a 
ees 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 


< 


VIL 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V V 


Propagation Delay VDD = 10V 
Input To Q1 TPLH1 VDD = 15V 
Propagation Delay VDD = 10V 
QN To QN + 1 | TPLH2 [5p tisv 
Propagation Delay VDD = 10V 
Reset To Q VDD = 15V 


Transition Time TTHL VDD = 10V 
TTLH [Vpp = 15Vv 


FCL |VDD=10V 

ae | VDD = 15V 
Tw |VDD=5V 

VDD = 10V 

VDD = 15V 

TREM |VDD=5V | 
VDD = 10V 
VDD = 15V 


TW VDD = 5V 
VDD = 10V 
VDD = 15V 
Any Input 


Maximum Clock Input 
Frequency 


Minimum Reset Pulse 
Width 


Reset Removal Time 


Minimum Input Pulse 
Width 


Input Capacitance 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = S0pF, RL = 200K, Input TR, TF < 20ns. 


| 160 
Ewe 
er 
a 
| 120 | 
em 
| 100 
aor 
ee 
a 
| 200 
Ee 
poe 
| 350 
oe 
| 100 
Ee 
| 60 
Le 
| 75 | oF 


p 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 
| DD | VDD = 20V, VIN = VDD or GND 
VNTH |VDD = 10V, ISS = -10yA 


N Threshold Voltage AVTND |} VDD = 10V, ISS =-10nA 
Delta 


VSS = OV, IDD = 10pA 
AVTPD [VSS = OV, IDD = 10pA 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER _| SYMBOL aaa NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time | TPHL |VDD=5V +25°C 
TPLH | 


~ NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


' TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-si@ | 100 [eta SSC—~*” 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


PDA Woe 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroups 1,23 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 | TEST | READ AND RECORD 
| CONFORMANCE GROUPS | METHOD i PRE-IRRAD POST-IRRAD | PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


PART NUMBER CD4020BMS 


Static Burn-in 1 1-7,9,12-15 8, 10, 11 16 
Note 1 

Static Burn-in2 | 1-7,9, 12-15 ; 

Note 1 

Dynamic Burn- 1-7,9,12-15 10 
In Note 1 

Irradiation 1-7,9, 12-15 10, 11, 16 

Note 2 
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Specifications CD4020BMS, CD4024BMS, CD4040BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) <4 


OSCILLATOR 
FUNCTION vop oveosv | Soke | eke _—| 


PART NUMBER CD4024BMS 


Static Burn-in 1 1,2,7 14 
Note 1 


Static Burn-in 2 
Note 1 


Dynamic Burn- 
In Note 1 


PART NUMBER CD4040BMS 


Static Burn-In 1 1-7,9,12-15 
Note 1 


Static Burn-In2 | 1-7,9, 12-15 


Note 1 
Dynamic Burn- | 
In Note 1 
1-7,9,12-15 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V : 


Functional Diagrams 
vDD vpbD vbD 
ai ai 
INBUT Q4 os INPUT Q2 
Ss Qs n oy PULSES Q3 o 
14 STAGE C6 | 2 INPUT 7 STAGE a2} 5 12 STAGE a} 2 
RIPPLE Q7 5S PULSES RIPPLE = RIPPLE Q5 5 
COUNTER [43 8 . ; COUNTER Q3} 6 COUNTER a6 9 
a 
for’) rd RESET Q4 uu Q7 tu 
4Qi0 | i ti as ul 
oe a5] i rs 
rr) 4 id 2 
Taiz} a as}| © 14Q10 | a 
2. a13 15 Qi1 a 
3 a4 Q7 1_ ai2 
RESET RESET 
vss NC=8,10,13 VSS | vss 
CD4020BMS CD4024BMS - CD4040BMS 
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CD4020BMS, CD4024BMS, CD4040BMS 


Logic Diagrams 
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FIGURE 1. LOGIC DIAGRAM FOR CD4020BMS 
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FIGURE 2. LOGIC DIAGRAM FOR CD4024BMS 
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CD4020BMS, CD4024BMS, CD4040BMS 


Typical Performance Characteristics 


(_=PHrr tT) . 
fi & 
a « 
x « 
8 8 
4 
3 id 
é g 

0 5 10 1 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) , DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 0 15 -10 6 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS so - « ; CHARACTERISTICS 


SUPPLY VOLTAGE (VDD) = 5V _» 


TRANSITION TIME (tTHL, tTLH) (ns) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE | | FUNCTION OF LOAD CAPACITANCE (4 TO Q1)) 
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CD4020BMS, CD4024BMS, CD4040BMS 


Typical Performance Characteristics (Continued) 


10° 
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rT | CL = S0pF —— T 


POWER DISSIPATION (PD) (uW) 
oO 
o 


oe 
a 
ce ae 
a 
Gen ham 
a a | 
alle 


to WY UY YT ; 
2 468 2 468 2 468 2 468 2 468 ON FIRST STAGE ONLY 
1 10 102 108 1 1 
INPUT PULSE FREQUENCY (f9) (kHz) 

FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A FIGURE 11. DETAIL OF TYPICAL FLIP-FLOP STAGES 
FUNCTION OF INPUT PULSE FREQUENCY FOR , 
CD4020BMS 

Chip Dimensions and Pad Layouts 

100 | o © 2 30 40 3 6 & 
947 s go 98 _| | | 
ra 90 
0 


88-96 
(2.236-2.438) 


LOGIC 


30- l 
F { : 
20-3 tert : ar 
‘ od l Bi a ee 
Ly 4-10 o— , 
(0102-0.254) . pee 4-10 
105 -113 102-0.254) 
70 : 64-72 
(1.626-1.628) 

Dimensions in parentheses are in millimeters 


(2.667-28 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


DIMENSIONS AND PAD LAYOUT FOR CD4020BMS. DIMEN- DIMENSIONS AND PAD LAYOUT FOR CD4024BMSH 
SIONS AND PAD LAYOUT FOR CD4040BMS ARE IDENTICAL 

METALLIZATION: Thickness: 11kA - 14kA, AL. 

PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Barris § CD4027BMS 


CMOS Dual J-K 


December 1992 | ae ‘Master-Slave Flip-Flop 
Features er: 7 Pinout 
¢ High Voltage Type (20V Rating) _— —— | | | CD4027BMS 


TOP VIEW 


e Set- Reset Capability 


¢ Static Flip-Flop Operation - Retains State indefinitely 
with Clock Level Either “High” or “Low” 


e Medium Speed Operation - 16MHz (typ.) Clock Toggle 
Rate at 10V : 


e Standardized Symmetrical Output Characteristics 
° 100% Tested For Quiescent Current at 20V _ 


¢ Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD=5V 


- 2Vat VDD =10V Functional Diagram 
- 2.5V at VDD = 15V | 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


SET 1 


J1 

. _Kt 

2 ‘ CLOCK1 
Applications 

, 7 RESET1 

e Registers, Counters, Control Circuits — SET2. 


Description —_— : sae 


CD4027BMS is a single monolithic chip integrated circuit con- 
taining two identical complementary-symmetry J-K master- 
slave flip-flops. Each flip-flop has provisions for individual J, K, 
Set Reset, and Clock input signals. Buffered Q and Q signals . 
are provided as outputs. This input-output arrangement pro- RESET 2 
vides for compatible operation with the Harris CD4013B dual D 

type flip-flop. | 


The CD4027BMS is useful in performing control, register, and 
toggle functions. Logic levels present at the J and K inputs 
along with internal self-steering control the state of each flip- 
flop; changes in the flip-flop state are synchronous with the pos- 
itive-going transition of the clock pulse. Set and reset functions 

are independent of the clock and are initiated when a high level | _ 
signal is present at either the Set or Reset input. : 


The CD4027BMS is supplied in these 16-lead outline Poo 
ages: 

Braze SealDIP H4T 

Frit Seal DIP H1E 

Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. - FileNumber 3302 
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Specifications CD4027BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to +20V Thermal Resistance .............6.. Bin 0. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............06- 70°C/W 20°C/W 

DC input Current, Any One Input. .............. ce eee wees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............62. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to+150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..............6.. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .. 0... cee ce cece eee eee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS (NOTE 1) TEMPERATURE 
VDD = 20V, VIN = VDD or GND +25°C 


+125°C 
VDD = 18V, VIN = VDD or GND 


-55°C 
WL VIN=VDDorGND- |VDD=20 
VDD = 18V 


Lea 
ae 
= 425°C | -100 | 
| -1000 | 
100: 
VIN=VDD orGND |VDD=20 


+125°C 
-55°C 

VOLTS 

VOHTS 

ous 

(OL10 

outs 


Pain| MAX [units 


GROUP A 
SUBGROUPS 


PARAMETER 


Supply Current 


es} st |<] <l-l=}2)/9] 2192] 21 fel 5] f5] is 5 


Input Leakage Current 


Input Leakage Current +25°C 


ieee 
+125°C oe 
-55°C ie eo 
+25°C, +125°C, -55°C| - | 
425°C, +125°C, -55° 
+25°C | 0.53 | 
+25°C | 4.4 | 
+25°C | 3.5 | 
+25°C pice | 
+25°C Po 
+25°C ai 
+25°C ze 


+25°C 


t Voltage 


OF O 


Output Current (Sink) 
Output Current (Sink) 


O}|]O/]O 
ey;yoic 
Sicis 
cCicrte 
or ff wee 
OQ} < 
clo 
o|2 
Ta] 
210 
~~ 

2) 

— 

Zz 


O 
Cc 
cs 
Cc 
- 
?) 
c 
a 
@ 
=] 
= 
~~ 
” 
oO 
Cc 
s 
oO 


e 


— 


=) 


VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V 
IOH15 }VDD = 15V, VOUT = 13.5V 


VNTH [VDD = 10V, ISS = -10nA 
VPTH |VSS = OV, IDD = 10pA 


a 1 
VDD = 2.8V, VIN = VDD or GND 7 
VDD = 20V, VIN = VDD or GND 

VDD = 18V, VIN = VDD or GND 8 


VDD = 3V, VIN = VDD or GND 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55° 


e 


O10 
e;e 
cic 
cre 
orl 
QO 
ei ;c 
sia 
oO}; @® 
oe a] 
ol oe 
om i on 
D1 HD 
eis 
Oo1O 
~we i 


O 
Cc 
so 
c 
-- 
2) 
¢ 
= 
© 
3 
~~ 
~~ 
ie) 
re) 
= 
ra 


e 


— 


0.7 


En 
aso [07 | 28 


+25°C VOH>{ VOL < 
425°C VDD/2 | VDD/2 
+125°C 
-55°C 


+25°C, +125°C, -55° ae ae , 


Sor ae 
+25°C, +125°C, -55° i ie 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


P Threshold Voltage 
Functional 


> 


08) 
Q 


+25°C, +125°C, -55° 


Q 


VIL 
VIH 
VIL 


< 
O 
~ 
A 
3 
< 
2) 


VIH VDD = 15V, VOH > 13.5V, 


23|23|23|25 2 
Sel/eezlegeice P| 
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LOGIC 


Specifications CD4027BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A _ LIMITS 
PARAMETER SYMBOL | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Propagation Delay _ TPLH2 |VDD=5V,VIN=VDDorGND | 9 | #25 | - | 


Set To Q Reset To Q 


Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND ee ee 


CONDITIONS (NOTE 1, 2) 


Set To Q, Reset To Q +125°C, -55°C 


Loe 
ae ae 
Transition Time VDD = 5V, VIN = VDD or GND | 425] {200 
ib oe Ee 

| 38 | 


Maximum Clock Input FCL |VDD=S5vV, VIN = VDD or GND 
Frequency 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


LIMITS 


lets felele le efell lel PPP Eel 


UNITS 


-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C 


“42 


So 


Output Voltage 
Output Voltage 


Output Voltage 


Output Voltage 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND 
+125°C 
VDD = 15V, VIN = VDD or GND 
VDD = 5V, No Load 
-55°C 
Output Current (Sink) 1OL10 | VDD =10V, VOUT =0.5V 


| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
PARAMETER _| SYMBOL NOTES | TEMPERATURE] MIN | 
VDD = 10V, No Load 
| _ -55°C 
ak VDD = 10V, No Load ree +25°C, +125°C, ae 
Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V a | 0.36 | 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 


Output Current (Source) VDD = 5V, VOUT = 4.6V 


Output Current (Source) ae VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 
-1.6 


VOL 
VOL 
VOH 
VOH 
Output Current (Source) os 
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Specifications CD4027BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


nae VDD =15V, VOUT = 13.5V 
a | VDD = 10V, VOH > 9V, VOL < 1V 


LIMITS 


PR EEPEE) «Pele 


PARAMETER — 
Output Current (Source) 


TEMPERATURE UNITS 


+125°C 


-55°C 
Input Voltage Low VIL 425°C, +125°C, 
-55°C 
VIH 


+25°C, +125°C, 7 
-55°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
425°C 
+25°C 
+25°C 
+25°C 


Input Voltage High 


VDD = 10V, VOH > 9V, VOL < 1V 


Ee eons 


HL 
LH 
CL 
VDD = 15V 1,2,3 
TS VDD = 5V 
VDD = 10V . 
IN 


Propagation Delay 
Clock To Q, Q 


Propagation Delay _ 
Set To Q, Reset To Q 


Nh 


Propagation Delay 170 


Set To Q, Reset To Q 


Transition Time 


Maximum Clock Input MHz 
Frequency Toggle Mode 


Input TR, TF = 5ns 


Minimum Data Setup 
Time 


+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


7 > N 
ol ao o1 


| VDD = 15V 
VDD = 5V 


Minimum Set or Reset 
Pulse Width 


VDD = 10V 
VDD = 15V 
VDD = 5V 1,2,3 


Minimum Clock Pulse 140 


Width 


VDD = 10V 1,2,3 425°C 

VDD = 15V | | 1,2,3 425°C 
TRCL |{VDD=5V 1,23,4 ] +25°C 
TFCL 


> 
oO 


TT 
TT 
E 


Clock Input Rise Or Fall 
Time (Note 5) 


VDD = 10V 1,2,3,4 +25°C 
VDD = 15V +25°C 


1,2 


~] 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded in a parallel clocked operation, trCL should be made less than or equal to the sum of the fixed propa-- 
gation delay time at 15pF and the transition time of the output driving stage for the estimated capacitive load. 
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Specifications CD4027BMS 
TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE 


N Threshold Voltage VNTH |VDD = 10V, ISS =-10nA re ee | 0.2 | 


N Threshold Voltage AVTN' | VDD =10V, ISS =-10HA +25°C 
Delta 


1,4 
z 1,4 
Delta . . 

Functional F 425°C VOH> | VOL< 
pews |” Feerwmcworso] | [ee | ea 


‘NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


7.5 
= 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Sopp Gurent-wSi7[ 0D ([s0mA CS 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


: MIL-STD-883 
| -.;CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[ Poa) Sido soo | Dela 


[ Poawoet) __———*+dtC—toom soo | Cems SCSCSC~*S 
rates ——~S~*dtC Om OOP CAC CSC~“~*~*~*d 
[Gaupa —*d; Samp soos | aa 7eneneron fd 
eek = 5 8 eee ees Gemmmamaee 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


. MIL-STD-883 TEST READ AND RECORD 
METHOD 


CONFORMANCE GROUPS PRE-IRRAD 'POST-IRRAD 


Group E Subgroup 2 | 005 1,7,9 Table 4 
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CD4027BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION VDD 9V + -0.5V 
Static Burn-in 1 

Note 1 

Static Burn-in 2 3-7,9-13, 16 

Note 1 


Dynamic Burn- 12, 14, 15 
In Note 2 
Se lcomal 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 


3. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 


RESET 
*4(12)¢ ie ; 


*6(10) a = 
_ Die 
. n 
i > 
Cc 


K 
*5(11) ¢ 


SET CL CL 
*7(9) © > 
cL CL * ALL INPUTS ARE 
“ PROTECTED BY 
3(13) CMOS PROTECTION 
CLOCK NETWORK 


LOGIC DIAGRAM AND TRUTH TABLE FOR CD4027BMS (ONE OF TWO IDENTICAL J-K FLIP-FLOPS) 
TRUTH TABLE 


PRESENT STATE 


NEXT STATE 
OUTPUTS 


No Change 


ee 
7 ae 
ie eee 


PENSE 


Logic 1 = High Level * = Level change 
Logic 0 = Low Level X = Don’t care 
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CD4027BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


3 g 
3 -TO-SOURCE VOLTAGE (VGS) = 
a) = 
ae 
ra) 3. 
3 : | 

0 10 5 | | 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 2. MINIMUM N OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“5 10 5 O, AS 10 5 0, 


AMBIENT TEMPERATURE (Ta) = 425°C 


AMBIENT TEMPERATURE (Ta) = +25°C 4 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
cE 
Ww 
x 
ec 
] 
a} 
: 
g 
FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | | CHARACTERISTICS | 
104 2 sacceet 
4 | CL =50pF —— 
2 
10° g D) = 15V 
*TT TTT TAY SUPPLY VOLTAGE 
2 rs 


VAN, 
aramanre 


DISSIPATION PER DEVICE (PD) (1: W) 
R 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


AMBIENT TEMPERATURE (Ta) = +25°C 
INPUT tr= tf = 20ns | 


2 2 468 2 468 2 468 2 468 
10? 103 104 10° 108 ci MM A eR EAR A 
INPUT FREQUENCY (fl) (Hz) ances LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (CLOCK OR SET TO Q, CLOCK OR 
RESET TO Q) 
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CD4027BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = 425°C 


tritf = 5ns 


od 
3 
CLOCK FREQUENCY (fCL) (MHz) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 +60 #480 100 0 5 1 
LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL MAXIMUM CLOCK FREQUENCY vs 
CAPACITANCE (SET TO Q, OR RESET TO Q) SUPPLY VOLTAGE (TOGGLE MODE) 


Chip Dimensions and Pad Layout 


60-68 
(1.524-1.727) 


LOGIC 


O- 


— 4-10 
(0-102-0.254) 
79-87. 


. (2.007-2.209) 
Dimensions in parentheses are in millimeters 


and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Bens CD4028BMS 


December 1992 | _ CMOS BCD-To-Decimal Decoder 
Features ee . | | Pinout 
e High Voltage Type (20V Rating) | . CD4028BMS 


TOP VIEW 


¢ BCD-to-Decimal Decoding or Binary-to-Octal Decoding 
¢ High Decoded Output Drive Capability 


“Positive Logic” Inputs and Outputs - Decoded Out- 
puts Go High On Selection 


Medium-Speed Operation | 

- tPHL, tPLH = 80ns (typ) at VDD = 10V © 
Standardized Symmetrical Output Characteristics 
100% Tested For Quiescent Current at 20V 

Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 

- 100nA at 18V and +25°C 

Noise Margin (Over Full Package Temperature Range): : ; 
- 1Vat VDD =5V Functional Diagram 
- 2Vat VDD =10V 


| _ Vpp 
- 2.5V at VDD = 15V ; oc BUFFERED 
SV, 10V and 15V Parametric Ratings = | . BINARY 


~ INPUTS 
Meets All Requirements of JEDEC Tentative Standard | 
No. 13B, “Standard =a ail for Description of 


‘B’ Series CMOS Devices” Beep 
| INPUTS 


BUFFERED 
DECIMAL 
DECODED 
OUTPUTS 


Applications (1 OF 10) 


¢ Code Conversion 
e Indication-Tube Decoder 


oonraaaste WN o& 


¢ Address Decoding - Memory Selection Control. a Phe ge oh 7 
| | Vss 


Description 


CD4028BMS types are BCD-to-decimal or binannieeaa 
decoders consisting of buffering on all 4 inputs, decoding 
logic gates, and 10 output buffers. A BCD code applied to 
the four inputs, A to D, results in a high level at the selected 
one of 10 decimal decoded outputs. Similarly, a 3-bit binary 
code applied to inputs A through C is decoded in octal code 
at output 0 to 7 if D = “O”. High drive capability is provided at | 
all outputs to enhance de and dynamic performance i in high 
fan-out applications. 


The CD4028BMsS is supplied in these 16-lead outline pack- 
ages: 

Braze SealDIP H4S 

Frit Seal DIP H1iE 

Ceramic Flatpack H3X 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Num ber 3303 
Copyright © Harris Corporation 1992 7-788 


Specifications CD4028BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Ali Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input............. 2. cece cece +10mA 

Operating Temperature Range..............6. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............26. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance .............66. Oia 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°CWW 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ... 2... cc ec cece cece cece ce eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


Input Leakage Current 


Input Leakage Current 


IOL10 
lOL15 


Output Current (Sink) IOL5 


O10 
ec rec 
cis 
| a fl <4 
rl = 
QAO 
cls 
olo 
aia 
- 

OID 
O15 
Cc 

ai 
© 

ea 


VDD = 15V, VOUT = 13.5V 


Zz 
R 
> 
2. 
a 
< 
2. 
Ss 
a 
® 


VIL 
VIH 


VIL VDD = 15V, VOH > 13.5V, 


VOL < 1.5V 
Input Voltage High VIH 
(Note 2) 


ss 
Ss 
oS 
Ns 
By 
co} 
@ 
= 
° 
= 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


HL VIN=VDDorGND |VDD=20 
VDD = 18V 

VIN=VDDorGND |VDD=20 
VDD = 18V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = SV, VOH > 4.5V, VOL < 0.5V 


LIMITS 


GROUP A 
TEMPERATURE 


+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
5°C, +125°C, -55°C 
5°C, +125°C, -55°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Cc 
elles 
” 


n 
n 
n 
n 


BL Tt lelelal [| de 
BBBREG 


A 
A 
A 
A 
A 


m 


el LL | lela 
BBB 


cra 
al 


VOH > | VOL < 
VDD/2 | VDD/2 


14.95 


> 


=) 
N 


ies) 
© 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


Q 


+25°C, +125°C, -55° 


Q) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 | | | | | LIMITS 
7 | , GROUP A ae , 
PARAMETER —__| SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | 
Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND ee ae | 350 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425° _ 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Supply Current . VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 
Output Voltage eae VDD = 5V, No Load 


LIMITS 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


Output Voltage VOH | VDD = 10V, No Load 1,2 
-55°C 

Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V ak 

Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V 4,2 +125°C 

BEC 

Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V _ Roe 

Output Current (Source) | IOH5A |VDD=5V,VOUT=4.6V ae 

Output Current (Source) VDD = 5V, VOUT = 2.5V Le 4 

Output Current (Source) VDD = 10V, VOUT = 9.5V ss 


Output Current (Source) — VDD =15V, VOUT = 13.5V 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 7 
-55°C 


VDD = 10V, VOH > 9V, VOL < 1V 
VDD = 10V, VOH > 9V, VOL < 1V 


vf slelsteteleatsley TTL TT LT el elelselela/te 
cs| lebtefeleteleleete lel 4) PEPE 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
| fe ——— 


nme 0) eeremerees recon 
int Gapactancs [oN | Sid 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
PARAMETER —_| SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | 


Supply Current | DD | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10HA | 14 | eee] 28 | 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


ia 
PTweshldVotage | vip _[WSScovioD-1a | 4a | amo | o2 | 20 |v | 
; os 


Functional F VDD = 18V, VIN = VDD or GND +25°C 
VDD = 3V, VIN = VDD or GND 
TPHL |VDD=5V 1,2,3,4 +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


V 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
Output Current (Sink) + 20% x Pre-Test Reading 


Output Current (Source) IOH5A + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


[ PoaWoiet) «id? tootsie ECS 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


. MIL-STD-883 
_ CONFORMANCE GROUP METHOD . GROUP A SUBGROUPS 


[Poa wows) | woonsoos | ——i.7.0.0oms PS 
Fates __——~—S~wCom oe | CAO CSCS 
[Groupa | Sampiosoos | aaa7eacarn | Ss 

7 na 


GoupD i a ttsti‘isi*Yr Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD “ POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
ovt-osv | S0kHz | 25kHz 
Static Burn-in1 | . 1-7, 9, 14, 15 
Note. 1 
Static Burn-in2 | 1-7, 9, 14, 15 10-13, 16 
Note 1 
ae Rad 


Lo | : ; ie 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


7-792 


CD4028BMS 


Logic Diagram 


Terr rr rr. ~ 
AAAAAAAAAA ~ 
AAAANAAAAC a 

FIL FET Ee ; 

at EF 

one ay es ae a 58 eo ps 
Lefts alae 7: 
BY ct 
| | - 

h- A = 
/\ eee x Ce 

6 -® -@ a eouPEEEEESEEcEEEy : 
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Typical Performance Characteristics 


Gl an en 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


Ss sk 8s 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CAPACITANCE . 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
nD 
° 
r=) 


0 10 20 30 40 50 60 7 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 3. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = SV F 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


_ OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


OUTPUT LOW (SINK) CURRENT (FOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CAPACITANCE 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-10 a: 

AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
_ CHARACTERISTICS © 


10° 


AMBIENT TEMPERATURE (Ta) = +25°C 


| | SUPPLY VOLTAGE | ¥ 
DD)=15V. 


4 


we & OO 


ah x » ie 
“TEA TT 


ro ¥ 
3 
TN 


q 


’ r 


& 
be 


POWER DISSIPATION (PD) (uW) 
fe 
: [*) 
~ & AO OS & AO 


tt TTA 
OS A 


NES. ONE 
LS ISIN ALT TY 
[A 
LT TWINS TT 
Ne NI 
2 SS 
Reet 


tT PT NGRIN 


108 
INPUT FREQUENCY (fl) (kHz) 


FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF INPUT FREQUENCY 


10 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = ase] 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF LOAD CAPACITANCE 


Typical Applications INPUTS 18 cD40698 


The circuit shown in Figure 8 converts any 4-bit code toa 
decimal or hexadecimal code. Table 2 shows a number of 
codes and the decimal or hexadecimal number in these 
codes which must be applied to the input terminals of the 


CD4028BMS to select a particular output. For example: in : nies 

order to get a high on output number 8 the input must be 10123456789, 
either an 8 expressed in 4-bit Binary code, a 15 expressed in | | | | | 
4-Bit Gray code, or a 5 expressed in Excess-3 code. 01234567 01234567 


16 OUTPUTS 
FIGURE 8. CODE CONVERSION CIRCUIT 


TABLE 2. CODE CONVERSION CHART 


INPUT CODES | 
INPUTS eee | Faecal OUTPUT NUMBER 


ete} | fel | dete fel azo 
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TABLE 2. CODE CONVERSION CHART (Continued) 


1 OF 10 BURROUGHS 
NUMERALS 


BCD CD4028BMS 
INPUTS 


> wo O GD 


SoO4NOAGAN @ O 


TRANSISTOR CHARACTERISTICS 
Leakage with transistor cutoff < 0.05mA . 


*(TRADEMARK) BURROUGHS CORP. : V(BR)CEO 2 70V 


FIGURE 9. NEON READOUT (NIXIE TUBE*) DISPLAY APPLICATION 


e ° e ° ° e ° INHIBIT 
AIBIC D E} F | (NO SELECTION) 
ABC OD 


CD4028BMS 
0123456789 


ABC D ABC OD ABC D ABC DH ABC D ABC OD ABC OD ABC OD 
CD4028BMS CD4028BMS CD4028BMS -CD4028BMS CD4028BMS CD4028BMS CD4028BMS CD4028BMS 
0123456789)) 01234567893) 0123456789 0123456789]) 0123456789) 0123456789)] 0123456789)] 0123456789 


01234567 8------15 16------ 23.0 Deccan | QQeeenes 40------ 47 48 ------ 55 56------ 63 


* : : : 
1/6 CD4069B 64 OUTPUTS (SELECTED OUTPUT IS HIGH) 


FIGURE 10. 6-BIT BINARY TO 1-OF-64 ADDRESS DECODER 
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Chip Dimensions and Pad Layout 


—a 
@ 
oO 
y-S 
nm 
2) 
4 


Bz 


q =-10 
. (0.102~0.254) 73-9; | 
(1.855-2.057 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches _ 
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Features 
¢ High-Voltage Type (20V Rating) 


¢ Medium Speed Operation: 8MHz Typ.) at CL = 50pF 
and VDD - VSS = 10V | 


Multi-Package Parallel Clocking for Synchronous High 


Speed Output Response or Ripple Clocking for Slow | 


Clock Input Rise and Fall Times 
e “Preset Enable” and Individual “Jam” Inputs Provided 
¢ Binary or Decade Up/Down Counting 
¢ BCD Outputs in Decade Mode 
© 100% Tested for Maximum Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 
e Standardized Symmetrical Output Characteristics 
e Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C . 
Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD = 5V 
- 2V at VDD = 10V 
- 2.5V at VDD = 15V 
¢ Meets All Requirements of JEDEC Tentative Stan- 


dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Applications 


¢ Programmable Binary and Decade Counting/Fre- 
quency Synthesizers-BCD Output 


Analog to Digital and Digital to Analog Conversion 
Up/Down Binary Counting 

¢ Difference Counting 

Magnitude and Sign Generation 

¢ Up/Down Decade Counting 


~CMOS Presettable Up/Down Counter 


Description 


CD4029BMS consists of a four-stage binary or BCD-decade up/ 
down counter with provisions for look-ahead carry in both count- 
ing modes. The inputs consist of a single CLOCK, CARRY-IN 


- (CLOCK ENABLE), BINARY/DECADE, UP/DOWN, PRESET 


ENABLE, and four individual JAM signals. Q1, Q2, Q3, Q4 anda 
CARRY OUT signal are provided as outputs. 


A high PRESET ENABLE signal allows information on the JAM 
INPUTS to preset the counter to any state asynchronously with 
the clock. A low on each JAM line, when the PRESET-ENABLE 
signal is high, resets the counter to its zero count. The counter is 
advanced one count at the positive transition of the clock when 
the CARRY-IN and PRE-SET ENABLE signals are low. 


' Advancement is inhibited when the CARRY-IN or PRESET 


ENABLE signals are high. The CARRY-OUT signal is normally 
high and goes low when the counter reaches its maximum count 
in the UP mode or the minimum count in the DOWN mode pro- 
vided the CARRY-IN signal is low. The CARRY-IN signal in the 
low state can thus be considered a CLOCK ENABLE. The 
CARRY-IN terminal must be connected to VSS when not in use. 


_ Binary counting is accomplished when the BINARY/DECADE 


input is high; the counter counts in the decade mode when the 
BINARY/DECADE input is low. The counter counts up when the 
UP/DOWN input is high, and down when the UP/DOWN input is 
low. Multiple packages can be connected in either a parallel- 
clocking or a ripple-clocking arrangement as shown in Figure 17. 
Parallel clocking provides synchronous control and hence faster 
response from all counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029BMS is supplied in these 16-lead outline packages: 
Braze SealDIP H4X 

Frit Seal DIP H1F 

Ceramic Flatpack H6W 


Pinout 


CD4029BMS 
TOP VIEW 


PRESET ENABLE | 1| 46] VDD 
a4 [2 15] CLOCK 
JAM 4 [3 | 14] Q3 
JAM 1 14) 13] JAM 3 
CARRY IN | 5| 12} JAM 2 


9] BINARY/DECADE 


Functional Diagram 
PRESET JAM INPUTS 
ENABLE VDD 


CARRY IN 
(CLOCK 
ENABLE) 5 


BINARY/ 
DECADE 9 


Q3 BUFFERED 


UP/DOWN 10 OUTPUTS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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Specifications CD4029BMS 


Absolute Maximum Ratings Reliability Information | 

DC Supply Voltage Range, (VDD) ............... -0.5Vto+20V Thermal Resistance ................ Bia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C. 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W —20°C/W 

DC Input Current, Any One Input. ............... ese ee wes +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range...... Wialvetnkaas -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ...... Cee teres +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ..... ccc cece eee eee ees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 GROUP A 
SYMBOL} CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


ee ee 


[ -100 | 
4+125°C } -1000 | 


eee 
+125°C poe | 
VDD = 18V ee ol 


VDD = 15V, No Load 1,2,3  |425°C,+125°C, 55°C] - | 
VDD = 15V, No Load (Note 3) 425°C, +125°C, -55°C| 14.95 | 


VDD = 5V, VOUT = 0.4V +25°C 


PARAMETER 


Supply Current 


‘ 
oi 
oa 

° 


VDD = 18V, VIN = VDD or GND 


Input Leakage Current TIL VIN=VDDorGND- |VDD=20 


VDD = 18V nA 
VDD = 20 A 


n 


VIN = VDD or GND 


Input Leakage Current 


.@) 


IOL10 |VDD = 10V, VOUT = 0.5V 
IOL15 {VDD = 15V, VOUT = 1.5V 
IOHSA_ |VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 
Output Current (Source)| IOH10 |VDD = 10V, VOUT = 9.5V 
IOH15 |VDD = 15V, VOUT = 13.5V 
VNTH_ |VDD = 10V, ISS = -10pA 
VPTH_ |VSS = OV, IDD = 10pA 


Functional VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage High . VIH {VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


2 = 


‘ 
—_h. 
> 


+ 
We) 
2 
Q) 
‘ 
—_ 
A a 


oe VDD/2 | VDD/2 


8 


> 


+ 

NO 
% 
@) 
Lo) 
N 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C fu 


+25°C, +125°C, -55°C 


oO 
~] 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, 1,2,3 425°C, +125°C, -55°C 

(Note 2) VOL < 1.5V 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS | 
GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS | 
Propagation Delay TPHL1 [VDD=5V,VIN=VDDorGND | 9 | 425% | - | 500 | 
Clock To Q Output TPLH1 +125°C, -55°C 675 
Propagation Delay TPHL2 | VDD = 5V; VIN = VDD or GND +25°C 
Clock To Carry Out TPLH2: | . | +125°C, -55°C 


Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
Preset Enable To Q TPLH3 | 10,41 | 4+125°C, 55°C 


756 
470 


Propagation Delay +25°C 
bias Enable To Carry- +125°C, 55°C 


Propagation Delay 


+25°C 
Carry-In To On R50 
Carry-Out +125°C, -55°C 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | — +25°C 
acupul ee 10, 11 +125°C, -55°C 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
pane | | 1041 


+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


270 
MHz 


| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee a ae ee ee 
Supply Current VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - | 
eee | Fee 

| VDD = 10V, VIN = VDD or GND | 65°C, +25°C | - | 
eee ee 
VDD = 15V, VIN = VDD or GND | 65°C, 425°C J - 
ieoeeacinesianian Ml ssa res 
a 
ieececalie (Riedl ameaarcneOs Dial loons Gale 
-55°C 

ae ee 

-55°C 

jl Da 

| 55°C | 0.64 

| +t2s°c | 0.9 

ee 

ee ee 

perc | 42 

ee 

a 


LIMITS 


V 


Output Voltage aan VDD = 5V,NoLoad - 
Output Voltage foe VDD = 10V, No Load [a 4 


cle” bei phe Mle 
Output Current (Sink) — VDD = 15V, VOUT = 1.5V ae 
Output Current (Source) 


pA 

m 

mV 
V 
V 


VOL 
VOL 
VOH 
VOH 


m 


A 
mA 


mA 


yell Le) PPP PPE 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
LIMITS 


fe] fee] |=| |=] }=fay= fey fal |e] s{e| |=] [a] =| |e] |a]elele| <| <[3le)sfaafa|g 


TEMPERATURE UNITS 
+125°C — 
-55°C 
+125°C 
55°C 
+125°C 
-55°C 
+25°C, +125°C, 


PARAMETER SYMBOL NOTES 


Output Current (Source) VDD = 5V, VOUT = 2.5V 


Output Current (Source) VDD = 10V, VOUT = 9.5V 


Output Current (Source) VDD =15V, VOUT = 13.5V 


O 


< 
oO 
O 
° 
< 
< 
<x 
Vv 

re) 
< 
< 
O 
rm 
A 

Ss 
< 


Input Voltage Low VIL = 10V, 


Input Voltage High VIH = 10V, +25°C, +125°C, 7 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VDD = 10V 


VDD = 15V 


Propagation Delay TPHL2 | VDD=10V 
Carry Output TPLH2 VDD = 15V 


Propagation Delay TPHL3 | VDD = 10V . 
Preset Enable To Q TPLH3 VDD = 15V 


Propagation Delay TPHL4 | VOD =10V 
Preset Enable To Carry- | TPLH4 VDD = 15V 


TPHL1 
TPLH1 


Propagation Delay 


Q Output 180 
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190 


Out 
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140 
100 


VDD = 10V 1,2,3 +25°C 


Propagation Delay TPHL5 

Carry In To Carry Out TPLH5 VDD = 15V 425°C 

Transition Time TTHL | VDD=10V +25°C 
TTLH [VDD = 15V 425°C 

Maximum Clock Input FCL = 10V 

Frequency VDD = 15V 


+25°C 
+25°C 

Minimum Data Setup TS VDD = 5V 

Time 


+25°C 
Note 4 
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+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
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40 


= 15V 


Clock Rise And Fall Time 
Note 5 


TRCL 
TFCL 
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= 10V 
= 15V 
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Minimum Clock Pulse 
Width 


= 10V 
= 15V 
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Minimum Carry In Setup 
Time 
Note 6 
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Minimum Carry Input 
Hold Time 
Note 6 
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Minimum Preset Enable TREM 
Removal Time 


Note 4 


VDD = 10V 
VDD = 15V 
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Specifications CD4029BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Twin | WaX_| untrs 


Minimum Preset Enable 
Pulse Width 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 

3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. te. 

. From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 


-§. If more than one unit is cascaded in the parallel clocked application, tr CL should be made < the sum of the fixed propagation delay at 
15pF and the transition time of the carry output driving stage for the estimated capacitive load. This measurement was made with a de- 
coupling capacitor (>1,F) between VDD and VSS. 


. 6. From Carry In to Clock Edge. 


f 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current | IDD | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA 
Delta 
P Threshold Voltage VSS =0V,IDD=10pA 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA 
Delta 


F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
3. See Table 2 for +25°C limit. 
4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp curent-wsi2 | 10> sta 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bum-in) 100% 5004 IDD, |OLS, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 


Interim Test 2 (Post Burn-In) 100% 5004 IDD, 1OL5, IOH5A 
PDA (Note 1) 100% 5004 1,7, 9, Deltas 


[Poatwotet) —___———*4|—soo%s00s bom CSCSC*d 
Fraltest | toomstos [saa aneo1011 PSS 
[Groups| Sampiesoos | naa7encein ~ —S—~S 
a <n cs Oe a RE 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Interim Test 3 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
ee ee ee ee 


2,6,7,11,14 |1,3-5,8-10, 12, 
Note 1 13, 15 
1,3-5,9, 10, 12, 
13, 15, 16 


Static Burn-in 2 2, 6, 7, 11, 14 - 
Note 1 

Dynamic Burn- 9, 10, 16 2, 6, 7, 11, 14 
In Note 1 

Irradiation 2, 6, 7, 11, 14 1,3-5, 9, 10, 12 

Note 2 13, 15, 16 
NOTE: 


1. Each pin except VOD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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BINARY/ OF 2) U2 
DECADE 


*@D 


CLOCK 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 
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TRUTH TABLE 


X = Don't Care 


FIGURE 1. 
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* Q 
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CARRY 

OUT 


FUNCTION TABLE 
CONTROL LOGIC 
INPUT - LEVEL ACTION 
 BIN/DEC Binary Count | 
_ (B/D) . Decade Count. - 
. UP/DOWN Up Count 
© (U/D) Down Count 
Preset Enable Jam In 
(PE) No Jam 
No Counter Advance at 
POS Clock Transition 


Advance Counter at 
.| POS Clock Transition 


CARRY IN (CI 
(CLOCK ENABLE) 
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CD4029BMS 


Typical Performance Characteristics 


Ga as 


2 g 
z 7 
ui 
ra} > 
c Oo 
: g 
: g 
: g 
: 
3 
0 5 10 0185 
DENS Om Onicn Vertes eae DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 a) 0 


AMBIENT TEMPERATURE (Ta) = +25°C q AMBIENT TEMPERATURE (Ta) = +25°C < 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 7 GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
| 2 
& SE 
Lu WwW 
« c 
[i oe 
3 3 
-10 
; é 
Ly 3 
3 5 3 
= 15 S 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 
an 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE (Q OUTPUT) 
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Typical Performance Characteristics (Continued) 


: tt o_O _ oo 
@ get ti te a ig 
= » |SUPPLY VOLTAGE (VDD) = 15v | LAY [|| | 
B =, LLU IM Aa 
3 = 10 8 OV a eo 
= md atti Tee priate 
rf ao tint AL Ata itt tt 
= Ea, TL UT Ae ATT 
> a. — Tae eT 
a 3 Cpa HLL 
2 ra) Ae Ca ee 
S oi LALA AWE 
F, 3 1 cles tt 
LS) ee? on. 817. oe mee CL = 5SOpF | T] 
SP aD’ AIT mane CL = 15pF | || 
a yo LLL | AMptgNT TEMPERATURE (Ta) = +25°C 
: 2468 2 668 468 2 468 468 
7 10 102° 10° 108 
LOAD CAPACITANCE (CL) (pF) CLOCKFREQUENCY (fCL) (kHz) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION 
FUNCTION OF LOAD CAPACITANCE (CARRY . OF FREQUENCY 
OUTPUT) 
Timing Diagrams 
CLOCK (CL) ; 
GARRY IN _ | 
(CL ENABLE) : 
UP/DOWN 
BINARY/ : 
DECADE 
PRESET 
ENABLE : 
Jt: 
J2 j 
J3 } 
J4 3 
at} 
Q2 | 
Q3 i 
a4 } 
CARRY OUT 


COUNT | 5/6/7/8/9 {10/11/12/19!14/15'9/8:7/6151413:211/0:0/15 


The CD4029BMS CLOCK and UP/DOWN inputs are used poccecercccrcrerrerererecrrrerne 
directly in most applications. In applications where CLOCK “CLOCK UP”; 


UP and CLOCK DOWN inputs are provided, conversion to by “UP/DOWN” 
the CD4029BMS CLOCK and UP/DOWN inputs can easily 

be realized by use of the circuit in Figure 11. nace ; 
CD4029BMS changes count on positive transitions of DOWN” ; cae 


CLOCK UP or CLOCK DOWN inputs. For the gate configu- 
ration in Figure 12, when counting up the CLOCK DOWN 
input must be maintained high and conversely when count- 


ing down the CLOCK UP input must be maintained high. RANI EAS ORL RT : 
FIGURE 11. CONVERSION OF CLOCK UP, CLOCK DOWN 


INPUT SIGNALS TO CLOCK AND UP/DOWN 
INPUT SIGNALS 
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Timing Diagrams (Continued) 


CLOCK (CL) “LIL US LLU LLL LLL LL 


CARRY IN 
(CL ENABLE) 
UP/DOWN 


BINARY/ 
DECADE 


PRESET 
ENABLE 


Ja} 
J2 } 
J3 
JA 
Qt 
Q2 
Q3 
a4 
CARRY OUT 


COUNT ioitizisiaisisivisioisivieisiaisizitioioieisi7 


FIGURE 12. TIMING DIAGRAM-DECADE MODE 


UP/DOWN ; ; : 
PRESET Sane eee 


ENABLE 


UP/D PE J1 J2 J3 J4 


UP/D PE Ji J2 J3 J4 UP/D PE J1 J2 J3 J4 


CO Pp 


Ci CD4029 


co P 


Co P a Ci CD4029 


a Ci CD4029 


BID CL Qi Q2 Q3 Q4 


BID CL Qi Q2 Q3 Q4 


CLOCK e 


DECADE 


B/D CL Qi Q2 Q3 4 


“CARRY OUT LINES AT THE 2ND, 3RD, ETC, STAGES MAY HAVE A NEG- 
ATIVE-GOING GLITCH PULSE RESULTING FROM DIFFERENTIAL 
DELAYS OF DIFFERENT CD4029BMS IC’S. THESE NEGATIVE GOING 
GLITCHES DO NOT AFFECT PROPER CD4029BMS OPERATION. HOW- 
EVER, IF THE CARRY OUT SIGNALS ARE USED TO TRIGGER OTHER 
EDGE-SENSITIVE LOGIC DEVICES, SUCH AS FF’S OR COUNTERS, THE 
CARRY OUT SIGNALS SHOULD BE GATED WITH THE CLOCK SIGNAL 
USING A 2-INPUT OR GATE SUCH AS CD4071BMS. 


FIGURE 13. CASCADING COUNTER PACKAGES 
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Timing Diagrams (Continued) 


UP/DOWN 


PRESET 
ENABLE 


CLOCK 


BINARY/ 
DECADE 


1 Ci 


UP/D PE J1 J2 J3 J4 


UP/D PE Ji J2 J3 J4 UP/D PE J1 J2 J3 J4 


CD4029 CO P a Cl CD4029 COP Ci CD4029 co P 


B/D CL Q1 Q2 Q3 Q4 BID CL Qi G2 Q3 Q4 
PC ee — i 


RIPPLE CLOCKING MODE: 


THE UP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT. THE ONLY 
RESTRICTION ON CHANGING THE UP/DOWN CONTROL IS THAT THE CLOCK 
INPUT TO THE FIRST COUNTING STAGE MUST BE HIGH. FOR CASCADING 
COUNTERS OPERATING IN A FIXED UP-COUNT OR DOWN-COUNT MODE, 
THE OR GATES ARE NOT REQUIRED BETWEEN STAGES, AND CO IS CON- 
NECTED DIRECTLY TO THE CL INPUT OF THE NEXT STAGE WITH Cl 
GROUNDED. 


B/D CL Qi Q2 Q3 Q4 


FIGURE 13. CASCADING COUNTER PACKAGES (Continued) 


Chip Dimensions and Pad Layout 


.e] 10 20 3% 40 sO 60 70 8 8690 100 108 


84-92 
(2.134-2.336) 


105-13 
(2.667- 2.870) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6KA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS Quad Exclusive-OR Gate 


December 1992 


Features Pinout 


e High Voltage Type (20V Rating) CD4030BMS 
TOP VIEW 


¢ Medium-Speed Operation 
- tPHL, tPLH = 65ns (typ) at VDD = 10V, CL = 50pF 


100% Tested for Quiescent Current at 20V 
e Standardized Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings 


e Maximum Input Current Of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD=5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

e Even and Odd-Parity Generators and Checkers 
e¢ Logical Comparators 

¢ Adders/Subtractors 

e General Logic Functions 


LOGIC 


Description 


The CD4030BMS types consist of four independent Exclu- 
sive-OR gates. The CD4030BMS provides the system 
designer with a means for direct implementation of the 
Exclusive-OR function. 


The CD4030BMS is supplied in these 14-lead outline pack- J=A@B -M=GOH 

ages: K=C@D LzE@F 
VSS 27 

Braze Seal DIP H4H VDD =14 


Frit Seal DIP H1B 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3305 
Copyright © Harris Corporation 1992 7-809 
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Absolute Maximum Ratings : Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ..............-. Gia 05. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C//W 
DC Input Current, Any One Input............... pviaiwaeas +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range........... acioe -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ..............08. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .. 0... cc te cw twee eee ewes +175°C 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | : LIMITS 
| | GROUP A 
PARAMETER |SYMBOL| —CONDITIONS(NOTE1) | |SUBGROUPS| TEMPERATURE | MIN | MAX [UNITS 


+125°C 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND {VDD =20 


VIN=VDDorGND- [VDD=20 1 
| VDD = 18V 


VOL15 |VDD = 15V, No Load 
VOH15 |VDD = 15V, No Load (Note 3) 
Output Current (Sink) IOL5 |VDD =5V, VOUT = 0.4V 1 
Output Current (Sink) | IOL10 |VDD = 10V, VOUT = 0.5V 
Output Current (Sink) | IOL15 [VDD = 15V, VOUT = 1.5V 
e)| IOH5A |VDD = 5V, VOUT = 4.6V 
e)| IOHSB [VDD = 5V, VOUT =2.5V 
e)| IOH10 |VDD = 10V, VOUT = 9.5V 
e)| 1OH15 | VDD = 15V, VOUT = 13.5V 
N Threshold Voltage VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH |VSS = OV, IDD = 10nA 
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Input Leakage Current 
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Input Leakage Current 


-55°C 
+25°C, +125°C, -55° 
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VDD = SV, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55°C 
: 


ie) 


3] BEEEEEEEEEEEEREFEEFEE FP 
ne 
% 
re 


Input Voltage High 


Input Voltage Low 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55°C fal 
VDD = 15V, VOH > 13.5V 1,2,3 |+25°C, +125°C, -55°C 
VOL < 1.5V 


~~ ~~ -_~ _~ = 
2212231223122 
2 2 2 Qe 
@ @® ® Oo- 
we) NO ND yn < 
—— — — ~o 
xy 
(‘o} 
® 
cr 
° 
= 


Input Voltage High VDD = 15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C| 11 
VOL < 1.5V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER §_|SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS |TEMPERATURE| MIN | MAX — 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | +25°C | - | 280 | 
[270 


Transition Time TTHL | VDD =S5V, VIN = VDD or GND a +25°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL eee NOTES 
Supply Current Hi VDD = 5V, VIN = VDD or GND 


LIMITS 


lel el ele tele tele ele Ld ed see 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 


UNITS 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 
Output Voltage 


Output Voltage VDD = 10V, No Load 


VDD = SV, No Load 


+25°C, +125°C, 
-55°C . 


+25°C, +125°C, 
-55°C 


ee 
= 5V, +125°C 
IL 
H 


Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V 
Output Current (Sink) VDD = 10V, VOUT = 0.5V ,  * +125°C 
-55°C 


4.95 


Output Current (Sink) IOL15 {VDD = 15V, VOUT = 1.5V +125°C 
-55°C 
Output Current (Source) lIOH5A | VDD = 5V, VOUT = 4.6V 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 
-55°C 


+25°C, +125°C, 7 
-55°C 


+25°C 
+25°C 


+125°C 
iene nal balance 
iscanesoiad (nicl nitaainaiacell 
nena elk Sanaa 
ne 
at 


MMPI MORRIS eS RARER 
.@) 


b 
ho 


Input Voltage Low V VDD = 10V, VOH > 9V, VOL < 
1V 
V 


VDD = 10V, VOH > SV, VOL < 


Input Voltage High | 
1V 


Propagation Delay TPHL | VDD=10V 
TPLH [pp = 15V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL _ . . CONDITIONS ‘. NOTES TEMPERATURE 


Transition Time = TTHL }VDD=10V_ | 
NOTES: “ e 


1. All voltages referenced to device GND. . 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS — . 


N Threshold Voltage VNTH |VDD=10V,ISS=-10uA 
{ 
+2 


N Threshold Voltage AVTN | VDD =10V, ISS =-10HA 4 +25°C 

Delta Z 

Functional F VDD = 18V, VIN = VDD or GND 425°C VOH> | VOL< 
| VDD = 3V, VIN = VDD or GND vob/2 | VDD/2 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. ' 4, Read and Record | 


UNITS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 


Output Current (Sink) IOL5 + 20% x Pre-Test Reading © 
Output Current (Source) — IOH5A + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


os . -MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD. 


Initial Test (PreBurn-In) === {100%500 «| 79 ~———SSs«S ID TOL, IOHSA 


0 
10 
10 


[Poawowiy ‘| —toonsoce | iT. CTSSSCSC~*d 
[ Poaiwowiy ‘| oomsooe | —ian7. Obes —SCdPSSCSCSC~C~*r 
FratTest ——~SCS~*dtC toe PSSCSCS 
feoupa | Sampesvos [| naarenenaian [SS 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
GroupD (ssid _ Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


ae 
FUNCTION 9V+-0 ane 
Static Burn-in 1 3, 4, 10, 11 1,2,5-9, 12,13 
Note 1 
Static Burn-in 2 1, 2, 5, 6, 8, 9, 
12-14 


TABLE 7. TOTAL DOSE IRRADIATION 


Dynamic Burn- 3, 4, 10, 11 
In Note 1 
1, 2, 5, 6, 8, 9, 
12-14 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Schematic Diagram 


voD TRUTH TABLE FOR 1 OF 4 
VDD INDENTICAL GATES 


B* 


2(5, 9, 12) 


P 
in 3(4, 10, 11) 1 = High Level 
n 


0 = Low Level 
n : 
A* 
1(6, 8, 13) ¢ 


‘VSS 
*INPUTS PROTECTED 
BY CMOS PROTECTION 
NETWORK 


FIGURE 1. 1 OF 4 IDENTICAL GATES 
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LOGIC 


CD4030BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) =+25°C = 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) SNe 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 
AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS. 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


_ CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 -10 S _9Q 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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CD4030BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = S0pF 


AMBIENT TEMPERATURE (Ta) = oo 


2 > 
= 3 Z 
-o 
° a 6 SUPPLY VOLTAGE 
a wt (VDD) = 15V 4 
= < 493 , 
= G 6 Wai 
= = oe : 
— WwW 2 
- ao. 
> z 1%, 
a S ; 
Fa < 2 
z a 10 
: a 
ra) 
S | (2 
<x uu 1 
a. 3 6 
o 4 
o a. 2 
1071 
0 5 10 15 20 2 468 2 468 2 468 2 oe? 468 
SUPPLY VOLTAGE (VDD) (V) 10°! 1 10 107 10 104 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
TION OF SUPPLY VOLTAGE FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


d 69-77 
1.753-1.955) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4031BMS 


CMOS 64-Stage Static Shift Register 


December 1992 


Features 


e High Voltage Type (20V Rating) — 
° Fully Static Operation: DC to 12MHz (typ.) at VDD - 
VSS = 15V | 
e Standard TTL Drive Capability on Q Output 
Recirculation Capability 
e Three Cascading Modes: 
- Direct Clocking for High-Speed Operation 


- Delayed Clocking for Reduced Clock Drive Require- 
ments 


- Additional 1/2 Stage for Siow Clocks 


100% Tested For Quiescent Current at 20V 
Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 

- 100nA at 18V and +25°C © 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


¢ Serial Shift Registers 
e Time Delay Circuits 


Description 


The CD4031BMS is a static shift register that contains 64 D- 
type, master-slave flip-flop stages and one stage which is a 
D-type master flip-flop only (referred to as a 1/2 stage). 


The logic level present at the DATA input is transferred into 
the first stage and shifted one stage at each positive-going 
clock transition. Maximum clock frequencies up to 12MHz 
(typical) can be obtained. Because fully static operation is 
allowed, information can be permanently stored with the 
clock line in either the low or high state. The CD4031BMS 
has a MODE CONTROL input that, when in the high state, 
allows operation in the recirculating mode. The MODE CON- 


_ TROL input can also be used to select between two sepa- 


rate data sources. Register packages can be cascaded and 
the clock lines driven directly for high-speed operation. Alter- 
natively, a delayed clock output (CLD) is provided that 
enables cascading register packages while allowing reduced 
clock drive fan-out and transition-time requirements. A third 
cascading option makes use of the Q’ output from the 1/2 


‘stage, which is available on the next negative-going transi- 


tion of the clock after the Q output occurs. This delayed out- 
put, like the delayed clock CLD, is used with clocks having 
slow rise and fall times. 


The CD4031BMS is supplied in these 16 lead outline pack- 


ages: 
- Braze Seal DIP H4X 
Frit Seal DIP H1F 


Ceramic Flatpack H6W 


Pinout 


CD4031BMS 
TOP VIEW 
RECIRCULATE 
DATA IN 2 [| 1| 46| VDD 
CLOCK INHIBIT [2 | 45] DATA IN 1 
NC [3 44] NC 
NC [4| 13] NC 
Q’ 42] NC 
Q [6 | 41] NC 
Qa 10] MODE CONTROL 
vss [8 | '9| CLD 
NC = NO CONNECTION 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Functional Diagram 
~DATA1 15 
IN 
MODE CONTROL DATA 


64 
STAGES 


CONT. LOGIC OUT 
RECIRC 
DATA 2 aes 
IN DATA 
Z OUT 
CLOCK 
¥ 
DELAYED 
CLOCK 
VDD = 16 OUT 
VSS =8 


NC = 3, 4, 11, 12, 13, 14 
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Specifications CD4031BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oa Bic 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, Allinputs ............. -0.5V to VDD +0.5V Flatpack Package .............68- 70°C/W 20°C/W 

DC Input Current, Any One Input. ........... cece eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............6. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................- +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ........ cece cee eee ee cece eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
Rg 
Supply Current VDD=20V,VIN=VDDorGND | 1 | +258 | - | 10 | nA | 
4 7 P22 T tzsee S| - Cf 1000 |p | 
[WOD= tev, VN=voDerend [3 | sso —~*4| - | 10 | wa] 
Input Leakage Current lL |VIN=VDDorGND jvobD=20 | 1 #| +25;  ~=| -100| - | nA | 
Md eer es ee ee oe 
vop=1av{ S| PC 10 | - | nA 
Input Leakage Current VIN=VDDorGND- |VDD=20 a ee ee ee 
_ ee ee 
_|vop=tev[ 3] eC CL 100 | nA 
[Output Votage | VOLIS [VOD=16V.Notoad ——«Y 4.2.8 [a6", vi2er0, 60] - | 50 | mv 
Output Voltage | VOHIS |VDD=15V,NoLoad(Note3) | 1,23 [+25°C, +125°C, 55°C] 14.95] - | V_ | 
Output Current | 1018 [VDD= Sv, VOUT=04V ee 
G, a, CLD Touio [vop=10v, vour=o5sv-[ 1 —~+| ated fm 
| 1OL15_|VDD = 15V, VOUT = 1.5V SE es ee 
[101s _[voo=sv, vour=oav «dT it *dCSSCt ase SC«id oe | ml 
Output CurrentQ_ | IOLI0_|VDD=10v,vouT=0.5v | tT 25°C] 52 |= | mA 
Output Curent | 10Lt8 |voD= tev, vouT=1ev | 1 | asc +p 106 | - | ma 
OutputCurrent(Source)| IOHSA |VDD=5V,vOUT=46V | tT 2-051 | mA | 
[Output Current (Source) 10H58 |vDD=sv,vouT-25v_ | 1 | asc | - | 16 | ma_ 
[Output Current (Source)| IOH10 |[VDD=10V,vouT=95V | et | HC] - 13 | mA | 
[Output Curent (Soures)| IOHIS [vOD=1sv,vouT=135v_ | 1 | vaso —«T ~*d;Ca | ma 
VNTH_|VDD = 10V, ISS = -10uA a 
VSS = OV, IDD = 101A es ee eet 
Functional F VOH>|VOL<| V 
VDD = 20V, VIN = VDD or GND VOD/2 | VOD/2 
VDD=18V,VIN=VDDoreND | 8A | i260 
7 | VDD = 3V, VIN = VDD or GND 
VIL |VDD =5V, VOH > 4.5V, VOL < 0.5V Le +25°C, +125°C, -55°C ee te 
(Note 2) ; 
VIH_ |VDD = 5V, VOH > 4.5V, VOL < 0.5V Eee +25°C, +125°C, -55°C ena ee 
(Note 2) 
VIL |VDD = 15V, VOH > 13.5V, Lene +25°C, +125°C, -55°C aol ee Bel 
(Note 2) VOL < 1.5V 
VIH_ [VDD = 15V, VOH > 13.5V, Le] 425°C, +125°C, -55°C a ee 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


— s ) | : | |. LIMITS 
| - GROUP A ae a 
PARAMETER | _|SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE|. MIN | MAX | UNITS 
Propagation Delay = | TPHL1 
Clock to Q | TPLH1 ; oe 
Propagation Delay TPLH2 | VDD = 5V, VIN = VDD or GND © 
Clock to Q | _ 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Clock to Q de Be 
Propagation Delay TPLH3 | VDD = 5V, VIN = VDD or GND 
Clock to Q’ TPHL3 | | 
Propagation Delay | TPHL4 [VDD =5V, VIN = VDD or GND 
Clock to CLD TPLH4 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
. | TTLH . 


Maximum Clock Input FCL |VDD=SV, VIN = VDD or GND 
Frequency (See Note 5; . 
Table 3) 


NOTES: | 
1. CL = 50pF, RL = 200K, Input TR, TF <20ns. 3 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. : 


+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C. 
425°C 
—+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


LIMITS 


Perel el PPP PP 


UNITS 


-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


MIN 
ae 
ie 
Lee 
(emecee 
ie 
== 
+25°C, +125°C, a 
55°C 
| 0.36 | 
| 0.64 | 
| 09 | 
| 16 
| 2.4 
| 42 | 


+25°C, +125°C, 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
| +125°C 
VDD = 10V, VIN = VDD or GND 
| | +125°C 
Output Voltage ‘Biel VDD = 5V, No Load | 
Output Voltage Sad VDD =10V,NoLoad 
Output Voltage oe VDD = 10V, No Load +25°C, +125°C, 
Output Current (Sink) lOL5 =| VDD = 5V, VOUT = 0.4V 
Q, Q’, CLD Outputs : 


Q, Q’, CLD Outputs 


VOL 

VOL 

VOH ) 

VOH 
Output Current (Sink) 
Q, Q’, CLD Outputs 


VDD = 15V, VOUT = 1.5V 


PARAMETER SYMBOL | ae 7 NOTES | TEMPERATURE’ 
: -55°C, +25°C 
VDD = 15V, VIN = VDD or GND 
Output Voltage . VDD = 5V, No Load 
Output Current (Sink) 1IOL10 [VDD = 10V, VOUT = 0.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


CONDITIONS TEMPERATURE | MAX | UNITS 
VDD = 5V, VOUT = 0.4V 1,2 +125°C =| 1.44 | - | 
Ae ae es 


VDD = 10V, VOUT = 0.5V 1,2 +125°C 


a 
ame 
36 


PARAMETER 


Output Current (Sink) 
Q Outputs 


SYMBOL 
lOL5 


3 
> 


Output Current (Sink) IOL10 


Q Outputs 


=} 
> 


cn 
oO 

co) 
Q 


3 
> 


Output Current (Sink) 
Q Outputs 


IOL15 | VDD = 15V, VOUT = 1.5V 1,2 +125°C 
-55°C 


IOH5A | VDD = 5V, VOUT = 4.6V +125°C 
-55°C 


3 
> 


=, 
> 


Output Current (Source) 


Output Current (Source) IOH5B: «(| VDD = 5V, VOUT = 2.5V +125°C 


1OH10 


> 


Output Current (Source) 
-55°C 
VDD =15V, VOUT = 13.5V 1,2 +125°C 
-55°C 


= 10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, 
-55°C 


= 10V, VOH > 9V, VOL < 1V +25°C, +125°C, +7 
. -55°C 


VDD = 10V 1,2,3 +25°C 
15V 1,2,3 +25°C 
VDD = 10V 

= 15V 
VDD = 10V 
VDD = 15V 
VDD = 10V 


> 


Output Current (Source) IOH15 


< 
O 
O 


Input Voltage Low VIL 


E 
< 


< 
0 
) 


Input Voltage High VIH 


| 9.6 
| 16.8 | 
se 
Ca 
a 
Beeo 
VDD = 10V, VOUT = 9.5V 1,2 125°C | = | 09 | 
i. Sa! 
ae 
Cd 


TPHL1 
TPLH1 


Propagation Delay 
Clock to Q 


< 
O 
Oo 


< < < 
oO Oo Ss) 
o oO fe) 
ul 

ix 

(ee) 

+ 

NO 

on 

oO 

oO 


Propagation Delay TPLH2 


Clock to Q 


=_ oh 
NIN 
aw | 
+] + 
NO F PO 
ao; 
° {o) 
OQ}, Oo 


omy 
Ue 
ro) 
+ 
nD 
on 
fe) 
QO 


Propagation Delay TPHL2 


Clock to Q 


—_ —_ 
NIN 
Gi cd 
+] + 
NO] % 
ayo 
oO oO 
OQ}, oO 


Propagation Delay TPLH3 


Clock to CLD 


en = 15V 1,2,3 425°C | 80 | 
Propagation Delay TPLH4 | VDD = 10V E> Ayers. +25°C 160 
Clock to Q’ TPHL4 


= 15V 1,2,3 +25°C 
=10V 1,2,3 +25°C 
= 15V 


Maximum Clock Input FCL = 10V 
Frequency (Note 5) = 15V 


Transition Time TTHL 
TTLH 


Clock Input Rise or Fall 
Time (Note 4) 


< 
O 
Oo 


= 
NIN 


ome, 
ld 
wo 
+ 

nm 
oO 
is} 
Q 


<j~<j/<ji< 
OO}; OO; 070 
O;,O;o0; 0 
on 

< 

cm = 
X fe 
ra) a 

+ + 

Nh nh 
ol on 

{o} te) 


TRCL 


< 
O 
Oo 


10V 1,2,3 +25°C 
= 15V 1,2,3 +25°C 


< 
Oo 
| 


Minimum Data Setup 
Time 


= 10V 
= 15V 


= 
< 
oO 
O 
i 

a 
< 


” @) 
2 
<|</|/< 
O;O;0 
O;,0O;0 
r uN 
on 
< 
ix 
wo 
+) +] + 
NOT POT PD 
a] al a 
Of of; oOo 
Q1rarta 


Minimum Data Hold Time 
= 10V 5°C 
= 15V 1,2,3 425°C 


<i< 
O;O 
r 
iS 
oo 
+ 
ine) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER SYMBOL NOTES | TEMPERATURE 


Twin [_Max_| unrrs 
Minimum Clock Pulse TW 


Width 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded in the parallel clocked application, TRCL should be made s the sum of the propagation delay at 50pF 
and the transition time of the output driving stage. 


5. Maximum clock frequency for cascaded units; 
a) Using Delayed Clock feature in recirculation mode: 


1 
ia 
(n-1) CL, prop delay and Q prop delay and set — up time 


b) Not using Delayed Clock: 


1 
~ propagation delay and set — up time 


where n = number of packages 


FMAX 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL | eae | NOTES _| TEMPERATURE 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 
N Threshold Voltage VNTH |VDD=10V,ISS=-10pA 


N Threshold Voltage AVNTH | VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage. VPTH |VSS =OV, IDD = 10pA 


ta 

= ae 

pa 
all bate iia Moke Ml 
Delta | 
nue ae ae 

al ical 


Propagation Delay Time VDD = 5V (Worst Case) 


TPLH 
NOTES: : 
1. All voltages referenced to device GND. 
2. VDD = 5V, CL = 50pF, RL = 200K 
3. See Table 2 for +25°C limit. 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[_raraweren | svweou_[ _ELTALMT 
Sopp Gurent-wst2 | wo [eva 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS READ AND RECORD 


[Powe ——~|toonsoos | Tbe 
0 


. aE 
Frattest —_———SS—C*dC tare coef eA 
CC a 
Pn ee ee 
een 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 eal Table 4 Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


- OSCILLATOR 
FUNCTION GROUND ove-osv | 50kHz | 25kttz 


Static Burn-In1 | 3-7,9, 11-14 1, 2, 8, 10, 15 16 
Note 1 
| Static Burn-In2 | 3-7,9, 11-14 
Note 1 
Dynamic Burn- 3-5,11-14 8, 15 1, 16 
In Note 1 | . | 


Irradiation 3-7,9, 11-14 1,2, 10, 15, 16 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
=10V+0.5V P 


i Sa 
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Logic Diagram 

pececewceseescercrcrceseuscsesecsscrencsoears 
CL  €L ‘ 
* : 
' : 6 
SDD hb Lhe 
DATA 1 IN ! 
& , ! 
O—-| >+4 > 1 Va \/ | 
MODE CONTROL ka Kad ! 
é ‘ 
’ 63 IDENTICAL 
O-1> _ STAGES | 
RECIRCULATE bee wweewwerean nw ewewwccewwwccewccwccercercore: 

(DATA 2 IN) 


*ALL INPUTS ARE 


PROTECTED BY | 
CMOS/MOS PROTECTION hee 
NETWORK 
S) 
CL Q’ 
INPUT CONTROL CIRCUIT TRUTH TABLE FOR OUTPUT FROM Q’ 
TRUTH TABLE TYPICAL STAGE TRUTH TABLE (TERMINAL 5) 


1 = High Level 0 = Low Level 
X = Don’t Care NC = No Change 1 = High Level 0 = Low Level 
X = Don’t Care NC = No Change 


1 = High Level 0 = Low Level 
X = Don't Care NC = No Change 
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Typical Performance Characteristics 


= Tg [meen 
z z 
8 8 15.0 
. 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V E ; 
Eo Bas 
3 3 
S 20 ¢ 10.0 
=z z 
: 15 = 7.5 
: 10 - 50 
E 5 25 
0 5 0 15 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS (Q SINK CURRENT = 4X CHARACTERISTICS (Q SINK CURRENT = 4X 
ORDINATE) ORDINATE) 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 15 -10 5 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V F 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 3. TYPICAL OUTPUT HIGH Sata CURRENT FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
tPHL, tPLN - CLOCK TO Q 
tPLH - CLOCK TO Q 


AMBIENT TEMPERATURE (Ta) = +25°C 
tPHL, tPLN - CLOCK TO Q 
tPLH - CLOCK TO Q 


300 300 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
(SEE TABLE) 
— 
Oo 
Oo 
(SEE TABLE) 
ia 
So 
oO 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 5. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
(SEE TABLE) (SEE TABLE) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = 425°C 


: ae 
= z 
2 a 
E 200 . = 
Te) pL reece 
= 2 —_| 
: re SUPPLY VOLTAGE (VDO) = SV z 
= 5 
z F 
ia g 
2 a 
= be 
© 50 
- 
% 20. 40 #2460. 80 4100 | 0 20 40 60 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE (EXCEPT Q, tTHL) LOAD CAPACITANCE (Q, tTHL) 
= g 
4 
= __ * | supply VOLTAG 
= PPLY VO 
@ 10K | (VDD) # 15V 
c 8 
a 4 _ 
6 1K ; ae a LV, \ O08 Gm Gls ae 
RE EEA TY ov 
o : | AT AT svi | TT 
a LM ICL LI = sor I] 
wi Ga ey .TLA8 Bo . on ee CE ees es 0 ee ae 
8 Ar CL = 15 pr eee Th 
z a A a ir 
a. TIA t. 
2 AMBIENT TEMPERATURE (Ta) = +25°C 


2 468 2 468 2 468 2 468 
10 100 1K 10K 
CLOCK INPUT FREQUENCY (fCL) (kHz) 


FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK INPUT FREQUENCY 


10 


VDD 


DATA Q D Q D 
15 15 
shat 10 CD4031BMS 10C B 10 CD4031BM 
, 31 : - 
CONTROL a D4031BMS = 031BMS 
1 2 1 2 
= RECIRC 
IN = CL 


CLOCK DRIVER 


MODE CONTROL VDD = RECIRCULATION 
: GND = NEW DATA 


FIGURE 10. CASCADING USING DIRECT CLOCKING FOR HIGH-SPEED . 
OPERATION (SEE CLOCK RISE AND FALL TIME REQUIRE- 
MENT) 
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VDD 


15 aa Ss Ce Q 
10 CD4031BMS 
1.9 2 


CONTROL 


L 


CLOCK. 
DRIVER 


(1/2 - CD4013B) 


DELAYED 

CLOCK D Q 

TO CLOCK *FOR RECIRCULATION MODE ONLY 

NEW DATA FF* FF TO DELAY DATA UNT 

INTO FIRST CL FISRT REGISTERED DELAYED CLOCKING MODE CONTROL VDD = RECIRCULATION 
REGISTER HAS OCCURED 


GND = NEW DATA 
FIGURE 11. CASCADING USING DELAYED CLOCKING FOR REDUCED CLOCK DRIVE REQUIREMENTS 


VDD 
DATA 


MODE 


CONTROL 


15 


10 CD4031BMS 
1 2 


RECIRC 
IN 


CLOCK DRIVER 


MODE CONTROL VDD = RECIRCULATION 
GND = NEW DATA 


FIGURE 12. CASCADING USING HALF-CLOCK-PULSE DELAYED OUTPUT (Q’) TO PERMIT 
USE OF SLOW RISE AND FALL CLOCK INPUTS 


_ Chip Dimensions and Pad Layout 


© 
© 
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— 


20 139 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
| PASSIVATION: 10.4kA- 15.6kA, Silane 
(231122815) BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


4-10 | ; | | | 


(0.102- 0.254) 
136-144 
"(3.454 -3.658) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 
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CMOS Decade Counter/Divider 


Features 
High Voltage Types (20V Rating) 


Decoded 7 Segment Display Outputs and Ripple 
Blanking 


Counter and 7 Segment Decoding in One Package 


Easily interfaced with 7 Segment Display Types 


Fully Static Counter Operation DC to 6MHz (typ. di at VDD = 
10V 


Ideal for Low-Power Displays 


“Ripple Blanking” and Lamp Test 
100% Tested for Quiescent Current at 20V 
Standardized Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings _ 
-Schmitt-Triggered Clock Inputs 


Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Device’s 


Applications 
e Decade Counting 7 Segment Decimal Display 
e Frequency Division 7 Segment Decimal Displays 


e Clocks, Watches, Timers (e.g. + 60, + 60, +12 Counter/ 
Display 


e Counter/Display Driver For Meter Applications 


Description 


CD4033BMS consists of a 5 stage Johnson decade counter 
and an output decoder which converts the Johnson code to a 7 
segment decoded output for driving one stage in a numerical 
display. 


This device is particularly advantageous in display applications 
where low power dissipation and/or low package count is 
important. 


A high RESET signal clears the decade counter to its zero 
count. The counter is advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited when the CLOCK 


INHIBIT signal is high. The CLOCK INHIBIT signal can be used 


as a negative-edge clock if the clock line is held high. Antilock 


_ gating is provided on the JOHNSON counter, thus assuring 


proper counting sequence. The CARRY-OUT (Cout) signal 
completes one cycle every ten CLOCK INPUT cycles and is 


used to clock the succeeding decade directly in a multi-decade 


counting chain. 


The seven decoded outputs (a, b, c, d, e, f, g) illuminate the 
proper segments in a seven segment display device used for 
representing the decimal numbers 0 to 9. The 7 Coan out- 


’ puts go high on selection. 


Pinout 


CD4033BMS 
TOP VIEW 


CLOCK | 1| 

CLOCK INHIBIT [2] 
RIPPLE BLANKING IN | 3| 
RIPPLE BLANKING OUT | 4| 


CARRY OUT [5| 12] b 
{16 Hi} e 
9 L7. 10) a 


Functional Diagram 
-. VDD 


CLOCK — 


CLOCK | 
INHIBIT — 


15 


RESET 


_7 DECODED OUTPUTS 


LAMP 
TEST 


RIPPLE 
BLK 
IN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper LC. Handling Procedures. 


File Number 3301 
Copyright © Harris Corporation 1992 7-826 
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CD4033BMS 


The CD4033BMS has provisions for automatic blanking of 
the non-significant zeros in a multi-digit decimal number 
which results in an easily readable display consistent with 
normal writing practice. For example, the number 0050.0700 
in an eight digit display would be displayed as 50.07. Zero 
suppression on the integer side is obtained by connecting 
the RBI terminal of the CD4033BMS associated with the 
most significant digit in the display to a low-level voltage and 
connecting the RBO terminal of that stage to the RBI termi- 
nal of the CD4033BMS in the next-lower significant position 
in the display. This procedure is continued for each succeed- 
ing CD4033BMS on the interger side of the display. 


On the fraction side of the display the RBI of the 
CD4033BMS associated with the least significant bit is con- 
nected to a low-level voltage and the RBO of that 
CD4033BMS is connected to the RBI terminal of the 
CD4033BMS in the next more-significant-bit position. Again, 
this procedure is continued for all CD4033BMS’s on the frac- 
tion side of the display. 


In a purely fractional number the zero immediately preceding 
the decimal point can be displayed by connecting the RBI of 
that stage to a high level voltage (instead of to the RBO of 
the next more-significant-stage). For example: optional zero 
—» 0.7346. Likewise, the zero in a number such as 763.0 can 
be displayed by connecting the RBI of the CD4033BMS 
associated with it to a high-level voltage. 


Ripple blanking of non-significant zeros provides an appre- 


ciable savings in display power. 


The CD4033BMS has a LAMP TEST input which, when con- 
nected to a high-level voltage, overrides normal decoder 
operation and enables a check to be made on possible dis- 
play malfunctions by putting the seven outputs in the high 
state. 


The CD4033BMS are supplied in these 16 lead outline pack- 
ages: 

Braze Seal DIP H4w 

Frit Seal DIP H2R 

Ceramic Flatpack H6W . 


Logic Diagram 


*LAMP TEST 


1 
*CLOCK 


*CLOCK 
INHIBIT 2 


3 
*RBI 
16 
VDD ° 
*ALL INPUTS PROTECTED 
BY CMOS INPUT 


8 
° 
— PROTECTION NETWORK 


fF 


Pan», (cLock + 10 


~f >> 
52, 


RBO 


VV VVVV 


on 
2 
io 


—— SEGMENT 
. | | DESIGNATIONS 


vss ae 


FIGURE 1. CD4033BMS 
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Specifications CD4033BMS 


Absolute Maximum Ratings | Reliability Information | | 
DC Supply Voitage Range, (VDD) ............... -0.5V to+20V Thermal Resistance.............-+-. Bia Ge 
(Voltage Referenced to VSS Terminals) _ | | Ceramic DIP and FRIT Package..... 80°C\W 20°C .. 
Input Voltage Range, All Inputs ....... eee -0.5V to VDD +0.5V Flatpack Package ......... rere 70°CWW —s 20°C /W 
DC Input Current, Any One Input............... dees Atanas +10mA Maximum Package Power Dissipation (PD) at +125°C a 
Operating Temperature Range...... Codgu sees -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ..... .500mW 
Package Types D, F, K, H : - uk. For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C ik _ Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ...............6- +265°C Device Dissipation per Output Transistor ..............+ 100MW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) - 
10s Maximum , . Junction Temperature ....... ed anil eto wae ee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A ; 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS] TEMPERATURE - 


LIMITS =| 
5 


VOD=20V,VIN=VDDorGND {| 1. | 
WOD=18V, VN vODarGND [8 
VIN=VDDorGND VDD = 20 
__ forv[ ss 
“pees vop=20 | 1 | 425°C | 
Peres Steel 
ee eee 
| 1.23 | 
| 423 | 
ae ae 
pa eae 


Input Leakage Current tl 


Input Leakage Current 
VDD = 10V, VOUT = 0:5V 

VDD = 15V, VOUT = 1.5V | 
VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V. 
VDD =10V, VOUT=9.5V 
VDD = 10V, ISS = -10HA 
Functional F  |VDD=2.8V, VIN=VDDor GND | 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND » 


| ee ee 


°¢ 
5°C, +125°C, -55°C 


+25°C 


se 


1 

oT, 

Input Voltage Low IL 1,2,3 +25°C, +125°C, -55°C 

(Note 2) i 

Input Voltage High VIH_ |VDD-= 5V, VOH > 4.5V, VOL <0.5V +25°C, +125°C, -55°C 

(Note2) | . . 

Input Voltage Low VIL VDD =-15V, VOH > 13.5V, +25°C, +125°C, -55°C V 
(Note 2) - - 1VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 

(Note 2) VOL < 1.5V _ 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. | is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 

PARAMETER SYMBOL| CONDITIONS (NOTE 1, 2) SUBGROUPS 
Propagation Delay. TPHL1 |VDD=5V,VIN=VDDorGND | 9 | 
Clock To Carry Out TPLH1 
Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND 
Clock To Decode Out TPLH2 
Propagation Delay TPLH3 | VDD = 5V, VIN = VDD or GND +25°C 
Reset To Carry Out +1 25°C, -55°C 


Propagation Delay TPHL4 |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
Reset To Decode Out TPLH4 40,41 | +125°C, -55°C 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


270 


' | Transition Time TTHL | VDD =S5V, VIN=VDD or GND +25°C 
ae +125°C, -55°C 
Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 
Frequency 10. 11 


+25°C 
+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eel tl) BPP BRE 


TEMPERATURE 


Supply Current -55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


Output Voltage +25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, | 4.95 


-55°C 


VOL 
VOL 
VOH 

OH 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


covomens | noes _|rawerne| an wt | unr 
VOD= ov, vOUT=95v Eo 
2 ee ee 
hae ace el ee ee 
-55°C ‘ mA 

acl ieteceenneane 


+25°C, +125°C, +7 
_ . 25°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C . 
+25°C 

— -+25°C 


VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
Propagation Delay TPHL1 | VDD=10V 
Clock To Carry Out TPLH1 VDD = 15V 
Propagation Delay TPHL2. |} VDD = 10V 
Clock To Decode Out | TPLH2 VDD = 15V 12,3 


Propagation Delay | TPLH3 | VDD = 10V 
Reset To Carry Out VDD = 15V 1,2,3 
Propagation Delay TPHL4 | VDD=10V 1,2,3 
Reset To Decode Out TPLH4 
V 1,2,3 
Vv 


Transition Time TTHL | VDD=10V 
TTLH : 


isis 
.@) 


h 


Maximum Clock Input FCL = 10V 425°C MHz 
PISUENCY : — [vbb = 15V +25°C MHz 


Minimum Reset Pulse 
Width 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C - 


VDD = 5V 


VDD = 15V 


Minimum Reset Removal 
Time 


15V 
5V 


DD = 
DD = 
VDD = 
DD = 
VDD = 
VDD = 
VDD = 


Minimum Clock Pulse 
Width 


VDD = 10V 425°C 
VDD = 15V +25°C 
Input Capacitance Any Input +25°C F 


NOTES: : 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3-CL-=50pF-RE = 200K, input TR, TF <20 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


SupplyCurent | 100 _|VoD=20v, VIN=VODerGno| 1,4 | _waro | 
N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 


Delta , 


P Threshold Voltage VSS = OV, IDD = 10pA | 425°C] 02 


P Threshold Voltage VSS = OV, IDD = 10yA 
Delta 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 
Functional a +25°C VOH> | voL<|] Vv 
pres" feocanwmevooerc] | (Mone | Yoo | 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sop Gurert-usi2 | wo |etwa——S 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[Poa __——*+t—toomsoos fC SOs | CSCSC~*d 
0) a 


Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 1, 2, 3, 9, 10, 11 


SubgroupB-6 | Samposoos | HOOT 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| TEST | READ AND RECORD 


MIL-STD-883 | 


CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD : PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 | 5005 7 | 1479 = | Table 4 fae Table 4 


| TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
ae aa 
en 2 cus | = | acl aa 


Static Burn-In 1 4-7,9-14 16 

(Note 1) 

Static Burn-In 2 1,2, 14, 15 3-6, 8, 10-13 7,9, 16 

(Note 1) 

Dynamic Burn- 3, 16 4-7,9-13 1 
In (Note 1) 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


eae 
FUNCTION 9V +-0.5V 
Irradiation 4-7,9-14 
| (Note 2) 
PART NUMBER CD4033BMS 
Static Burn-in 1 4-7,9-13 
Note 1 
Static Burn-in 2 4-7,9-13 1-3, 14-16 
Note 1 
Dynamic Burn- 4-7,9-13 
In Note 1 
Irradiation 4-7,9-13 1-3, 14-16 
Note 2 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
=10V+0.5V 


Timing Diagram 


CLOCK ri 
INHIBIT 


0123456789 018 456789 12 


FIGURE 2. CD4033BMS TIMING DIAGRAM — FIGURE 3. DETAIL OF TYPICAL FLIP-FLOP STAGE 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C fd 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 5 

AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V F 


FIGURE 6. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


600 


400 


200 


PROPAGATION DELAY TIME (tPLH, tPHL) (us) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FOR 
DECODED OUTPUTS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) . 


FIGURE 5. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 
AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -SV | 


FIGURE 7. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE). 
CURRENT CHARACTERISTICS 


300 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 


FUNCTION OF LOAD CAPACITANCE FOR 
CARRY-OUT OUTPUTS 
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Typical Performance Characteristics (Continued) 


SUPPLY VOLTAGE (VDD) (V) 


FIGURE 10. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY 


AS A FUNCTION OF SUPPLY VOLTAGE 


Light Emitting Diode Displays 


= 20 —- — , 9 [ AMBIENT TEMPERATURE (Ta) = 425°C 

= AMBIENT TEMPERATURE Mig =s35%e 4 

Q : si 

3 15 > 7 Ly fT | 2 ot Se 2 2 ee a ee 2 es Ge ee ee ee oe 

: y cat 

oC z 2 

tu S 

an ll 1 A hi te 

kK f a g 7 47 PPE ov EE 

: g animal 

: Es Coe 

3 5 y, 3 8 fakin TE OS ae 

3 2 § i 0 ae 

Ss : (CL)=15pPFo etn 

5 me LOAD CAPACITANCE (CL) = 50pF — 
. 2 468 2 468.2 468, 2 468 ,2 468 

= 0 2 4 3 16 1 10 107 - 10° 104 105 


INPUT PULSE FREQUENCY (fCL) (MHz) 


FIGURE 11. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF CLOCK INPUT FREQUENCY 


1/7 CA3082 —_ 
MONSANTO MAN 3 MONSANTO MAN 1 OR EQUIVALENT 
OR EQUIVALENT VDD OR EQUIVALENT 
(LOW POWER) 


1/7 CA3082 
OR EQUIVALENT 


PDD Da a a ae 


VOD235V00 = = PIAL VDD 5V (MIN) 
IF ~ SmA/SEGMENT IB 0.4mA 
100% DUTY CYCLE = IF 12mA/Seg.(100% DUTY CYCLE) 
VP - VBE - VF(LED) bdc(MIN) 30 
SED —~s«~«é‘é«é WHERE: VPP INPUT PULSE VCE(SAT) £ 0.5V 
VF x FORWARD DROP VDD - VCE(sat)-VF(LED) 
ACROSS DIODE : | 


ILED 
WHERE VF «= FORWARD DROP ACROSS DIODE 


FIGURE 12. INTERFACING THE CD4033BMS WITH COMMERCIALLY — 
AVAILABLE LIGHT EMITTING DIODE DISPLAYS 


7-834 


CD4033BMS 


7-Segment Display Devices 


si9 INCANDESCENT READOUTS 
Numitron DR2000 Series 
SEGMENT? TUBE REQUIREMENTS 
iB | IT VT =3.5-5V 
Sai IT = 24mA Segment 
ASSUMED CD4049UB 
= TRANSISTOR 
= 10V (mi 
4/7 CAR081 CHARACTERISTICS _ at ne me . : a 
On ee ene vt Bdc (min) 2 25 IT = 8mA (min) 
VCE (sat) s 0.5V VT ~3.5V to 6V 
S VCC VDD = 8V (min) 
IB = {mA (min) CD4049UB 
1 OF7 IT = 24mA (min) 


1/6 CA4049UB iT 


SEGMENTS 


at VCC = 10V (min) 
Vo “0” < 0.6V 


+. IT = 8mA (min) 


LOW-POWER INCANDESCENT READOUTS ASSUMED at VCC = 6V (min) 
PINLITES INC-Series O and R TRANSISTOR Vo “O"s 1V 
CHARACTERISTICS IT = 5mA (min) 


TUBE REQUIREMENTS VT(V) 


mA/Segment dec (min) 2 30 
8 


VT = 1.5V to 3.5V 


0-03-15 1.5 VCE (sat) < 0.5V 
0-04-30 3 8 

0-06-30 3 8 VCC > 3.5V (min) 
R-A3-20 2 4.3 IB > 0.25mA (min) 
R-R4-30 3 4.3 IT <7.5mA (min) 


“The interfacing buffers shown, while a necessity with the CD4033A, are not required when using the “B” devices; the “B” outputs (~ 10 times 
the “A” outputs) can drive most display devices directly especially at voltages above 10V. 


VT *170V DC VOD 
1 OF 7 
SEGMENTS 
Oo 
CLOCK CD4033BMS S 
13.5V INHIBIT 7 ond 
= LOGIC RESET 
VOLTAGE SEGMENTS 
1.6V 
<s WITH VON = 18V MEDIUM BRIGHTNESS AC OR DC 
NEON READOUT (NIXIE TUBE“) IN LOW AMBIENT LIGHT BACKGROUND = 
1. Alco Electronics - MG19 WILL RESULT. THE POINT OF NO 
TUBE REQUIREMENTS VT(Vdc) mA/Segment LOW VOLTAGE VACUUM FLORESCENT READOUTS 
Alco MG19............... 180 ....... 0.5 1. Tung-Sol DIGIVAC S/G ¢ Type DT1704A or DT1705C 
Burroughs B5971.......... U1 ecataes 3 2. Nippon Electric (NEC): Type DG12E or LD915 
Burroughs B7971, B8971 ... 170....... 6 TUBE REQUIREMENTS: 100 to 300 pA/segment at tube voltages of 12V 
**(Trademark) Burroughs Corp. to 25V depending on required brightness Filament requirement 45mA at 
TRANSISTOR CHARACTERISTICS 1.6V, ac or de. 
Leakage with transistor cutoff - 0.05mA 
V(BR)CER............06- >VT 
Bde (min) 2 30 + (Trademark) Wagner Electric Co. 


FIGURE 13. INTERFACING THE CD4033BMS WITH COMMERCIALLY 
AVAILABLE 7-SEGMENT DISPLAY DEVICES* 
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Chip Dimensions and Pad Layouts 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

~ BOND PADS: | 0.004 inches X 0.004 inches MIN = 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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FARRIS 


SEMICONDUCTOR 


-CD4034BMS 


CMOS 8-Stage Static Bidirectional Parallel/Serial 
Input/Output Bus Register 


tt 


December 1992 


Features 

¢ High Voltage Types (20V Rating) 

e Bidirectional Parallel Data Input 

Parallel or Serial Inputs/Parallel Outputs 
Asynchronous or Synchronous Parallel Data Loading 


¢ Parallel Data-Input Enable on “A” Data Lines (3-State 
Output) 


Data Recirculation for Register Expansion 


e Multipackage Register Expansion 


Fully Static Operation DC-to-10MHz (typ.) at 
VDD = 10V | 


¢ Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


Parallel Input/Parallel Output, Serial Input/Parallel Out- 
put, Serial Input/Serial Output Register 


¢ Shift Right/Shift Left Register 
Shift Right/Shift Left With Parallel Loading 
¢ Address Register 


¢ Buffer Register 


¢ Bus System Register with Enable Parallel Lines at Bus 
Side 


¢ Double Bus Register System 
¢ Up-Down Johnson or Ring Counter 
¢ Pseudo-Random Code Generators 


e¢ Sample and Hold Register (Storage, Counting, 
Display) 


e Frequency and Phase Comparator 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Description 


CD4034BMS is a static eight-stage parallel-or serial-input 
parallel-output register. It can be used to: 


1) bidirectionally transfer parallel information between two 
buses, 2) convert serial data to parallel form and direct the 
parallel data to either of two buses, 3) store (recirculate) par- 
allel data, or 4) accept parallel data from either of two buses 
and convert that data to serial form. Inputs that control the 
operations include a single-phase CLOCK (CL), A DATA 
ENABLE (AE), ASYNCHRONOUS/SYNCHRONOUS (A/S), 
A-BUS-TO-B-BUS/B-BUS-TO-A-BUS (A/B), and PARAL- 
LEL/SERIAL (P/S). 


Data inputs include 16 bidirectional parallel data lines of 
which the eight A data lines are inputs (3-state outputs) and 
the B data lines are outputs (inputs) depending on the signal 
level on the A/B input. In addition, an input for SERIAL DATA 
is also provided. 


All register stages are D-type master-slave flip-flops with 
separate master and slave clock inputs generated internally 
to allow synchronous or asynchronous data transfer from 
master to slave. Isolation from external noise and the effects 
of loading is provided by output buffering. 


Pinout 


CD4034BMS 
TOP VIEW 


“B” DATA LINES 
“A” DATA LINES 
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Parallel Operation 


A high P/S input signal allows data transfer into the register . 


via the parallel data lines synchronously with the positive 
. transition of the clock provided the A/S input is low. If the A/S 
input is high the transfer is independent of the clock. The 
direction of data flow is controlled by the A/B input. When 
this signal is high the A data lines are inputs (and B data 
lines are outputs); a low A/B signal reverses the direction of 
data flow. . | 


The AE input is an additional feature which allows many reg-- 


isters to feed data to a common bus. The A DATA lines are 
enabled only when this signal i is high. 


Data storage through recirculation of data in each register 


stage is accomplished by making the A/B signal Ne and the 
AE signal low. 


Serial Operation © 


A low P/S signal allows serial data to transfer into the regis- 
ter synchronously with the positive transition of the clock. 
The A/S input is internally disabled when the register is in 
the serial mode (asynchronous serial operation is not 
allowed). 


The serial data appears as output data on either the B lines 
(when A/B is high) or the A lines (when AJB is low and the 
AE signal is high). 


Register expansion can be décomplished by ey cascad- 
ing CD4034BMS packages. 


The CD4034BMS is supplied in these 24 lead outline pack- 
ages: 


Braze Seal DIP H4V 
Ceramic Flatpack H4P 


Functional Diagram | 


A DATA LINES 
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Specifications CD4034BMS 


Absolute Maximum Ratings | : - Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5Vto+20V Thermal Resistance ................ 6; G6 


a 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... B0°C/W 20°C 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............6. 70°C/W 20°C/W 
DC Input Current, Any One Input................0.eeceees +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range. ..-............. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)..... eae -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ......... cates 8 ace Se +265°C Device Dissipation per Output Transistor ..............- 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum . : 


Junction Temperature ...... 0... cece cece eee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX | 


Supply Current | | VDD=20V,VIN=VDDorGND | 1 | #25 | - | 


ee 
VDD=18V,VIN=VDDorGND [| 3 | 5°C 


MIL VIN=VDDorGND- |VDD=20 
; VDD = 18V 

VIN=VDDorGND- |VDD=20 
_ |VDD = 18V 


Output Voltage VOL15 |VDD = 15V, No Load 
Output Voltage - VOH15 |VDD = 15V, No Load (Note 3) 
Output Current (Sink) IOL5 =|VDD = 5V, VOUT = 0.4V 


+25°C 
+125°C 
55°C 
425°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Input Leakage Current 
Except A and B Lines 


Input Leakage Current 
Except A and B Lines 


a 


+ 
ine) 
ol 
oO 
© 
+ 
a, 
N 
% 
A?) 
i] 
ao 
ol 
oO 
oO _ are 
5 p 
io S 
Slots ) 


; Cc 


2) 


14.9 


1OL10 
IOL15 ! 
IOHSA |VDD = 5V, VOUT = 4.6V 

IOHSB 
lOH10 ! 
IOH15 
VNTH " |VDD=10V,ISS=-10pA _ 

vPT 


+25°C 


Functional VDD = 2.8V, VIN = VDD or GND 7 +25°C VOH> | VOL < 
VDD = 20V, VIN = VDD or GND 7 +25°C VDD/2 | VDD/2 


+25°C, +125°C, -55°C 


- on 
aE 


Input Voltage Low | 
(Note 2) - 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

VDD = 15V, VOH > 13.5V, 


Input Voltage Low . VIL 
(Note 2) VOL < 1.5V 


VIH VDD = 15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55°C 1 
VOL < 1.5V 


8B 
VIL 
VIH 2,3 +25°C, +125°C, -55° 


+ 
nm 
oO 
io] 
Q 


1, 


; 


1,2,3 +25°C, +125°C, -55°C 


Sj4jo; = 
> > : 
ok Pre ao) 


1OZL |VIN=VDDorGND |vDD=20V} 4 | EPC 
[yout =ov eae ee ae 
voo=tev{ 3 |S 
Tri-State Output lOZH |VIN=VDDorGND |voD=20vV} 14 | 425°C | 
Leakage VOUT = VDD aa +125°C 
a a 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay | ~TPHL | VDD = SV, VIN = VDD or GND 
Parallel In to Parallel Out] TPLH {(Notes 1,2) — 


Propagation Delay TPLZ {VDD =5V, VIN = VDD or GND 
3 State TPHZ | (Notes 2, 3) . 
AE to Out ‘A’ 


Propagation Delay TPZL | VDD =S5V, VIN = VDD or GND 
3-State AE to Out ‘A’ TPZH {| (Notes 2, 3) ge 
Transition Time TTHL | VDD = SV, VIN = VDD or GND 

: TTLH {| (Notes 1, 2). 
Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 
Frequency (Note 2) ; 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER . | SYMBOL iiiding NOTES TEMPERATURE 


Supply Current -55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


LIMITS | 
UNITS 


So 


ne 
% 
on 9 
+ 

° 
On 
oO 
° 
D 


scape 
a 
isin Ne eine 
ee, 
ieee i 

sacl 

| 42 | 


Output Current (Sink) IOL5 VDD = 5V, VOUT = 0.4V 


1OL10__| VDD = 10V, VOUT = 0.5V 


Output Current (Sink 


| Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V 
a .Output Current (Source) | VDD = 5V, VOUT = 4.6V | 1,2 +125°C 
-55°C 
Output Current (Source) hana VDD = 5V, VOUT = 2.5V Co | +125°C 
-55°C 


-55°C 


>] >| > 


-55°C 
+125°C 
-55°C | 


> 


2.4 
4.2 


3)3 
>] >] >| >| > 


3 
> 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL | ei NOTES 
Output Current (Source) aad VDD = 10V, VOUT = 9.5V 


LIMITS 


fe] fey fey [a=] || [=| =|=]§{ 8] |=] [e] |e) [ale [ale] | <falefaleld 


TEMPERATURE UNITS 


+125°C 


> 


+125°C 
-55°C 
+25°C, +125°C, 


Output Current (Source) | VDD =15V, VOUT = 13.5V 
Input Voltage Low 


VDD = 10V, VOH > 9V, 
VOL < 1V 


VDD = 10V, VOH > 9V, +25°C, +125°C, +7 


Input Voltage High 


VOL < 1V 
+25°C 
+25°C 
+25°C 700 
+25°C 

_  +25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


NO 


170 


VDD = 5V 


VIL 
VIH 
VDD = 
Propagation Delay TPHL = 
Serial to Parallel Out TPLH 
VDD = 15V 
Propagation Delay 3-State| TPLZ |VDD=10V 
AE to Out ‘A TPHZ VDD = 15V 1,2,3,4 
Propagation Delay 3-State| TPZL |VDD=10V 1,2, 3,4 
AE to Out ‘A TPZH VDD = 15V 1,2,3,4 
H _ 
L 
L 
T 
T 


Parallel In to Parallel Out TPLH VDD = 15V 
10V 


om, 


70 


Hy | & a 
° ° ° 
1) Q Q 


Maximum Clock Input FC VDD = 10V 
Frequency VDD = 15V 
Minimum Data Setup VDD = 5V 
Time 


Serial Data to Clock 


VDD = 10V 
VDD = 15V 
4 a 


| 
| 
Zz 
Transition Time TTL VDD = 10V 
TTHL [yop = 15v 
Ss 
S = 
VDD = 10V 


Minimum Data Setup 
Time Parallel Data to 
Clock 


VDD = 15V | 
= 


Minimum Clock Pulse 
Width 


VDD = 10V 

VDD = 15V 
TRCL | VDD=5V 
TFCL 


Nl 
© 


Maximum Clock Rise and 
Fall Time (Note 5) 


VDD = 15V 
VDD = 5V 


Minimum High Level TW 


Pulse Width AE, P/S, A/S 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, tRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


N 
on 


: ~~ 
oa 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 18V, VIN = VDD or GND 425°C. | VOH> 
VDD = 3V, VIN = VDD or GND | VODI2 
TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 
PARAMETER 7] SYMBOL DELTA LIMIT 
Supply Current - MSI-2 — + 1.0nA 3 


Output Current (Sink) + 20% x Pre-Test Reading | 
Output Current (Source) __ IOH5A + 20% x Pre-Test Reading . 


VDD = 10V, ISS = -10pA 


N Threshold Voltage 
Delta 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 6. APPLICABLE SUBGROUPS. 


| MIL-STD-883 : 
CONFORMANCE GROUP METHOD > GROUP A SUBGROUPS READ AND RECORD 


Poawoety) _——*dttoms00s | Domes CSCS 
PDAWoet) ————*+dt—toonsnos | Cn Goes PSSCCSC~‘~* 
Fratot +t _toonsnos | CeO SSCSCSC~S 
faoups | Sampiesoos [naarencnaian ~ —S—~*™ 
ee eee ee 
feo «dt Sampiesoos | ina, 3,0n,05,9 ——*(Sikarouet a 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION | 


ati S7D-989 TEST READ AND RECORD 
(CONFORMANCE GROUPS | METHOD | PRE-IRRAD | POST-IRRAD PRE-IRRAD | POST-IRRAD 


Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


a ae 
FUNCTION 9V +-0.5V 
Static Bum-in 1 9-11, 13, 14, 24 
Note 1 
Static Burn-In 2 9-11,13-24 
Note 1 


Dynamic Burn-in 1-8,11-14 

Note 1 

Irradiation 9-11,13-24 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 


ep >—>-+ > 
wii« StS : 


Als e i 5 ° . e 
| vss 
i >—> CLM *INPUTS PROTECTED BY 
Bb: ) CMOS PROTECTION 


* S ) aD: NETWORK 


CLOCK CLM 


1 = High Level 0 = Low Level X = Don’t Care 
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“A” OR “3B” 
DATA 
INPUTS 


“EB” OR “A” 
DATA am vee 
ourPuTs es 
| OUTPUT - 
tPLH tPHL 
*Input refers to any of the “A” of “B” data inputs, “A” ENABLE, 
SERIAL INPUT, A/B, P/S, or A/S inputs 
**tSLH and tSHL are Set-Up times 
FIGURE 1. ASYNCHRONOUS OPERATION PROPAGATION FIGURE 2. SYNCHRONOUS OPERATION PROPAGATION DE- 
DELAY TIME AND TRANSITION TIME LAY TIMES, TRANSITION TIMES, AND SET-UP 


TIMES 


crock LILI LILILILI LF LIF LF LS LS Lys LS Ly 
AENABLE[ Ls FT EEE 
SIPS lesa 


AT 


: . : 


B DATA LINES ARE OUTPUTS ADATA 
LINES ARE 
OUTPUTS 


FIGURE 3. TIMING DIAGRAM 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C ar 


GATE-TO-SOURCE VOLTAGE (VGS) =15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 10 £4 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5VE=™ 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


~ OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


AMBIENT TEMPERATURE (Ta) = +25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C 2 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V } 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


ae 


10° 


104 


A SS 


10° 


RESO IT | 
HE tt ET 


RR eee 
al CL = 50pF 


Hl 
al Ht ranitia 
46 24 


0 102 a 108 10° 

INPUT FREQUENCY (fl) (kHz) 

FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK FREQUENCY 


ee ee 
eS A AR A 8S OO 


SES OREO 
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de 
oe 
A 
YK 
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Dia 
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ai 


POWER DISSIPATION PER GATE (PD) (pW) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 


[A(B) PAR DATAIN B(A) PAR DATAOUT] 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


30 40 50 60 70 80 90 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE [A(B) PARALLEL 
DATA INPUT TO B(A) PARALLEL DATA OUTPUT, 
SYNCHRONOUS OR ASYNCHRONOUS)) 
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1 OF 8 STAGES 


M VDD 
vss ef ot 
PROTECTION NETWORK 
ON ALL “A” AND “B” 


DATA INPUTS 


SERIAL , > 1> 
DATA 


ee ne en en in a 


Q’ 5 
N vss 
vss 
Q (TO NEXT STAGE D) 
PROTECTION NETWORK : 
ONSERIALDATAINPUT ¢.__..........22¢. oo eee ewer cc ccccccccccccccccccccccccceccccccccccceee 


FIGURE 11. REGISTER STAGE LOGIC DIAGRAM (1 OF 8 STAGES) 


TRUTH TABLE REGISTER INPUT-LEVELS AND 
. RESULTING REGISTER OPERATION 


OPERATION* 


Serial Mode; Synch. Serial Data Input, “A” Parallel Data Outputs Disabled 


“A” 
ENABLE 


Xx 


Serial Mode; Synch. Serial Data Input, “B” Parallel Data Output 


© 
© 
ve) 
— 


Parallel Mode; “B” Synch. Parallel Data Inputs, “A” Parallel Data Outputs Disabled 


Parallel Mode; “B” Asynch. Parallel Data Inputs, “A” Parallel Data Outputs Disabled 


Parallel Mode; “A” Parallel Data Inputs Disabled, “B” Parallel Data Outputs, Synch. Data 
Recirculation 


Parallel Mode; “A” Parallel Data Inputs Disabled, “B” Parallel Data Outputs, Asynch. Data 
Recirculation 


Serial Mode; Synch. Serial Data Input, “A” Parallel Data Output 


x< 


Serial Mode; Synch. Serial Data Input, “B” Parallel Data Output 
Parallel Mode; “B” Synch. Parallel Data Input, “A” Paralle! Data Output 
Parallel Mode; “B” Asynch. Parallel Data Input, “A” Parallel Data Output 


Parallel Mode; “A” Synch, Parallel Data Input, “B” Parallel Data Output 


Parallel Mode; “A” Asynch. Parallel Data Input, “B” Parallel Data Output 


*Outputs change at positive transition of clock in the serial mode and when the A/S control input is “low” in the parallel mode. During 
transfer from parallel to serial operation A/S should remain low in order to prevent DS transfer into Flip Flops. 


1 = High Level 0 = Low Level X = Don't Care 
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Applications 
vpp VDD 
SERIAL AE A PARALLEL AE A PARALLEL 
DATA si DATA : DATA 
VDD ee CD4034 CD4034 
cL 8 PARALLEL CL 8B PARALLEL 
PIS DATA P/S DATA 
SERIAL 
DATA 
yore | Ena 0 
Sa ae i eres 
CL 
FIGURE 12. 16-BIT PARALLEL IN/PARALLEL OUT, PARALLEL IN/SERIAL OUT, 
SERIAL IN/PARALLEL OUT SERIAL IN/SERIAL OUT REGISTER 
“A” ENABLE 
SERIAL AE A PARALLEL AE A PARALLEL 
DATA S DATA DATA 
CD4034 CD4034 
CL B PARALLEL CL B PARALLEL 
P/S DATA P/S DATA 
SERIAL SERIAL 
DATA DATA 
ne ae 
CL 
FIGURE 13. 16-BIT SERIAL IN/GATED PARALLEL OUT REGISTER ° 
BUS LINES DOUBLE - BUS SYSTEM 
(SINGLE) (ENABLE INPUTS ON BOTH SIDES) 
Ge 
y - 
, y Ss P/S AE 
; s<—>I 1 1 + , 1h» 1 
; 4 2 en OG 2k—»—] 2 xia) [2 
G0 SRP P DOG I 6S Ol 3h——I3| Ack Ish 
4 MEMORY 4.1, ile ale—>—la 4 
, UNIT 4 . i ee ee a ee sleso—_Isf 2 As 
y f ‘ : .. [LTT Tt | | g | ©4034 |. 
, y 7 4 ER GREE so eX a es ; 7 
, y : : L» LITT . | | SE 
5 ; CL SI y 
; 1 ne ne 1 
y ai > tit 2 Y 
y y 3 3 > tT 4 ZREG 3 4 
j PERIPHERAL #1 y; nee ES Ge ajay AB 
y g y 2 >» | ILI TTT. oa BY; y | 
y 4 6 6 .tititi tt. 5 CD4034 6 /) 
y y ; 7 L. [titi iit . 96 7 , 
y ; ; L. |[titTiitTi . . : ‘3 


(Anne 4 


THE “A” ENABLE (AE) AND A/B SIGNALS CONTROL ALL 
COMBINATIONS OF TRANSFER BETWEEN THE REGISTERS 
AND BUS SYSTEMS 


FIGURE 14. SINGLE AND DOUBLE-BUS SYSTEMS 
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Applications (Continued) 
SHIFT LEFT OUTPUT 


“A” ENABLE 
: AE 
SHIFT LEFT. i» a Bis 
SHIT BISh <— “A” PARALLEL DATA —>| 
 ) > ) > SHIFT RIGHT 
ra) 
airaiGH | RERERERERERER 
INPU ee 
REG. 1 — CD4034 
CLOCK CD4034 
| ide 
AIS AB 1 SHIFT 
seu Per rere woes nes cai 
ENTRY 
AIS 
| | | | +4 444444 és 


FIGURE 15. SHIFT RIGHT/SHIFT LEFT WITH PARALLEL INPUTS 


A “High” (“Low”) on the shift Left/Shift Right input allows 
serial data on the Shift Left Input (Shift Right Input) to enter 
the register on the positive transition of the clock signal. A 
“high” on the “A” Enable Input disables the “A” parallel data 
lines Reg. 1 and 2 and enables the “A” data lines on regis- 
ters 3 and 4 and allows parallel data into registers 1 and 2. 


SERIAL . 
DATA 
VDD 


A PARALLEL DATA 


CD4034 


CLOCK B PARALLEL DATA 


FIGURE 16. N-STAGE SHIFT REGISTER WITH FIXED SERIAL. 
OUTPUT LINE 


a it 
rr tT ttt tt 


Other logic schemes may be used in place of registers 3 and 
4 for parallel loading. 


When parallel inputs are not used Reg. 3 and 4 and associ- 
ated logic are not required. 


LOGIC 


* Shift left input must be disabled during parallel entry. 


SAMPLE/HOLD 
1 8 | 
SERIAL DATA =~ “A” PARALLEL DATA” 
idee CD4034 
AIS 


— “B” PARALLEL DATA———~ | 
1 8 | 


P/S 


TO DISPLAY ETC 


FIGURE 17. SAMPLE AND HOLD REGISTER - SERIAL/PARAL- 
LEL IN - PARALLEL OUT" 
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CD4034BMS 


Chip Dimensions and Pad Layout 


dol call ye 


——* i 
i —_ 


= 99-107 | 
aa aa (2.515—2.718) 


=D aS oF A Er 2 


; er ae ca aera 
A sm yo oD 


- (O. lo2- -0.252) 148-156 , 


(3.760 - 3.962) 92CM-30155RI 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). | 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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FARRIS 


SEMICONDUCTOR 


CD4035BMS 


CMOS 4 -Stage Parallel 
In/Parallel Out Shift Register 


GD 


December 1992 


Features 


° J-K Serial Inputs and True/Complement Outputs 
e High Voltage Type (20V Rating) 

e 4-Stage Clocked Shift Operation 

e Synchronous Parallel Entry on All 4 Stages 

¢ JK Inputs on First Stage 


e Asynchronous True/Complement Control on All Out- 
puts 


¢ Static Flip-Flop Operation; Master-Slave Configura- 
tion 


Buffered Inputs and Outputs 

High Speed Operation 12MHz (Typ) at VDD = 10V 

e 100% Tested for Quiescent Current at 20V 

e Standardized, Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
Number 13A, “Standard Specifications for Description 
of ‘B’ Series CMOS Devices” 


Applications 


¢ Counters, Registers 
- Arithmetic-Unit Registers 
- Shift Left/Shift Right Registers 
- Serial-to-Parallel/Parallel-to-Serial Conversions 


¢ Sequence Generation 
e Control Circuits 
¢ Code Conversion 


Pinout 


CD4035BMS 
TOP VIEW 


PARALLEL IN 


4-STAGE REGISTER 


Q1/Q1 Q2/Q2 aQ3/Q3 a4/a4 
—— pS 


Description 


CD4035BMS is a four stage clocked signal serial register 
with provision for synchronous PARALLEL inputs to each 
stage and SERIAL inputs to the first stage via JK logic. Reg- 
ister stages 2, 3, and 4 are coupled in a serial D flip-flop con- 
figuration when the register is in the serial mode 
(PARALLEL/SERIAL control low). 


Parallel entry into each register stage is permitted when the 


PARALLEL/SERIAL control is high. 


In the parallel or serial mode information is transferred on 
positive clock transitions. 


When the TRUE/COMPLEMENT control is high, the true 
contents of the register are available at the output terminals. 
When the TRUE/COMPLEMENT control is low, the outputs 
are the complements of the data in the register. The TRUE/ 
COMPLEMENT control functions asynchronously with 
respect to the CLOCK signal. 


JK input logic is provided on the first stage SERIAL input to 
minimize logic requirements particularly in counting and 
sequence-generation applications. With JK inputs connected 
together, the first stage becomes a D flip-flop. An asynchro- 
nous common, RESET is also provided. 


The CD4035BMS series type is supplied in these 16 lead 
outline packages 


Braze Seal DIP H4T 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


Functional Diagram 


FIRST STAGE TRUTH TABLE 


3 


LOGIC 


T/C OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


File Number 3308 
Copyright © Harris Corporation 1992 7-851 


Specifications CD4035BMS 


Absolute Maximum Ratings = | Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ............ eas Oia 8. 

-. (Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All inputs .............-0.5V to VDD +0.5V Flatpack Package .............00. 70°C/W 20°C/W 
DC Input Current, Any One Input........ es aes ca Ss. cata ahd se et idee +10mA Maximum Package Power Dissipation (PD) at +125°C _ 
Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 

~ Package Types D, F, K, H ee For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C - Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) ................- +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum ss &. at " Junction Temperature ..........6-. Cee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


~ Ty. J. 2 LIMITS _ 
oF. =e GROUP A | 
PARAMETER |SYMBOL| — CONDITIONS(NOTE1) | |SUBGROUPS| TEMPERATURE | MIN | 


Ee: Se | +125°C 
VDD = 18V, VIN = VDD or GND > ake 


-55°C | 
VIN = VDD or GND VDD = 20 


+25°C 
VDD = 18V 


+125°C | 
VDD = 20 


_ 55°C 
 +25°C 
+125°C 
i 

Output Current (Source) 

Output Current (Source) 


Input Leakage Current 


ela] || 


ttf 184212121212] <]2]215 FFF EE 


8 


Input Leakage Current VIN = VDD or GND 


14. 


+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C 


N Threshold Voltage VNTH {VDD = 10V, ISS = -10pA 
__ 1P Threshold Voltage VPTH_ |VSS = OV, IDD = 102A 


Functional 


o . = 
fe) 
= a 


(vOD=2.8v, VN=VoDerGNO | 7 
(DD=20V, VIN=VOD erGNO__| 7 
{vOD=wV, VIN=voD oreno | _¢ 


nput-Voltage-Lo kL DD-=-5V,VOH>-4-5V-VOE<0-5 
(Note 2) . be 4 

Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2,3 
(Note 2) ‘d 
Input Voltage Low VIL {VDD =15V, VOH>13.5V, 
(Note2) | 


VOL < 1.5V 


Input Voltage High VIH | VDD = 15V, VOH > 13.5V, 
(Note2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. . is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


OH>]| VOL< 
VDD/2 | VDD/2 


< 
< 


+25°C, +125°C, -55° 


oO 
| 
f i} 
i 
Q 


Q 


+25°C, +125°C, -55° 


425°C, +125°C, -55° 


2) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


VDD=5V,VIN=VDDorGND | 9 | 425°C 


+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


2 
Tc 


SYMBOL 


TPHL1 
TPLH1 


PARAMETER 


Propagation Delay 
Clock to Q 


Propagation Delay VDD = 5V, VIN = VDD or GND 


Reset to Q TPL 


: 


Transition Time VDD = 5V, VIN = VDD or GND 


: 


Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 
Frequency 


* NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES 


Supply Current 


LIMITS 


Pletal tele reele rel el PPP PRE 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


ne VDD = 5V, No Load 


+25°C, +125°C, 
-55°C 


Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V Pe +125°C 
| -55°C 


VDD = 10V, No Load 


© 
© 
ve) 
— 


VDD = 5V, No Load 4.95 


VOL 
VOL 
VOH 
VOH 


VDD = 10V, No Load 


Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V +125°C 
-55°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V +125°C 
-55°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V +125°C 
-55°C 
Output Current (Source) IOH5B: +} VDD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 4 VDD = 10V, VOUT = 9.5V 
Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 


— 2.4 
4.2 


+125°C 
-55°C 

+125°C 
-55°C 

+125°C 
-55°C 


IN 
> 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS NOTES 


LIMITS 
MIN 


TEMPERATURE 


+25°C, +125°C, 
55°C. 


+25°C, +125°C, 
— B5°O 
+25°C 
+25°C © 
425°C © 
+25°C 
+25°C 
+25°C 
+25°C_ 
+25°C 
+25°C 
+25°C 
+25°C 
. +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 


Cc 


NITS 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 
Propagation Delay TPHL1 [VDD=10V 
Clock to Q TPLH1 Topp asv 

5V | 

5V | 


7 


D 
D 
VDD = 15V 
7 
VDD = 10V 
D 
D 


Minimum Reset Pulse 
Width 


> 
oO 


IL 
IH 
Transition Time TTHL | VDD=10V 
TTLH 
CL 


VDD = 15V 


Z 


1,2,3 

Maximum Clock Input 
Frequency 1.2.3 
Maximum Clock Rise and 
Fall Time (Note 4) 


F VDD = 10V 
VDD = 15V 


D 

D 

D 

D 

D= 
TRCL | VDD =5V 
TFCL [pp = 10V 

DD = 

DD = 
DD = 


= 


Z 


Propagation Delay TPHL2 | VDD =10V 
Reset t0Q TPLH2 | VDD = 15V 


V 
a 
[woo=v 

__foo-w 


Minimum Data Setup 
Time 
J/K Lines 


Minimum Data Setup 
Time 
Parallel-In Lines 


140 


Tw [woo-sy 


a 
Oo 


Minimum Clock Pulse 
Width 


| VDD = 15V | +25°C 
Input Capacitance Any Input +25°C 7.5 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL =50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, tRCL should be made less than or equal to the sum of the transition time and the fixed propagation | 
delay_of the_output_of the driving-stage_forthe_estimated_capacitive load 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


Caan [wa | 
[100 _|vod=20v, vN=voDerGno| 1.4 ae 
Twa [voo=10v,ss=-1qa [4 28 [02 

mae eb tak 


N Threshold Voltage AVTN' | VDD = 10V, ISS = -10pnA 
Delta 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


} LIMITS 
PARAMETER ‘| SYMBOL | _ CONDITIONS NOTES |TEMPERATURE| MIN | UNITS 


[wa | 
PTreshoisvotage | _viP_|vSSz0v,100- "sa [14 | ac _| o2 | 28 | v 
7 


V 
= sal a ln MIN Md HE Ho 
Delta . 
Functional F 1 425°C VOH> | voL< | Vv 
Pew | fecarmemsae) | [be [too] 
TPL | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. ~ 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SumeiyGurent-wsr2 | OO (eto 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


0 
[Poa wotes) ———S*d?C aorta CDs CS 
FraiTet ————~SCS~*dSCo oe | OwdP 
[Gua ——*d;Sarmlo soos | a, 7,0A,05,0,007 | 
a A 


1. 5% parametric, 3% functional; cumulative for static 1 and 2. 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 5005 Table 4 Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION VDD QV +-0.5V 50KHz = | 25kKHz 
Static Burn-in 1 1, 13-15 2-12 16 
Note 1 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION 


Static Burn-In 2. 
Note1 .. . 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD | 
= 10V+0.5V 


Logic Diagram | 


*ALL INPUTS PROTECTED 
BY CMOS INPUT 
PROTECTION NETWORK 


VDD 


vss 
PARALLEL/ 
SERIAL CONTROL 
: Hee 
: T T 
T - . Fi ik 
TRUE/COMPLEMENT > > > > 
P/S = 0 = SERIAL MODE 414) 13) 
TIC = 1= TRUE OUTPUTS aes asiaa 


FIGURE 1. TYPICAL STAGE DETAIL LOGIC 
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CD4035BMS. 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C aa 


< < 
E£ £ 
3 o 
= 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
B | & LTAGE 
a e 
3 ra} 
22 g 
F rd 
=” : 
— 40 5 
E : 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT - 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)__ DRAIN-TO-SOURCE VOLTAGE. (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -SV 


LOGIC 


OUTPUT HIGH (SOURCE) CURRENT (ITOH) (mA) 
| OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
SUPPLY VOLTAGE (VDD) = 5V_s 


AMBIENT TEMPERATURE (Ta) = +25°C 
CLOCKED OPERATION 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE (Q OUTPUT) 
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CD4035BMS 


Typical Performance Characteristics (Continued) 


3 


10 


MAXIMUM CLOCK INPUT FREQUENCY (fCL) (MHz) 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = SOPF 


10-15-20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 7. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY 


LEFT/RIGHT | 


RIGHT 
SHIFT 
INPUT 


LEFT 
SHIFT 
OUTPUT 


TRUE/COMP CONTROL IN TRUE MODE 


AS A FUNCTION OF SUPPLY VOLTAGE 


RIGHT 
SHIFT 
OUTPUT 


FIGURE 9. SHIFT LEFT/SHIFT RIGHT REGISTER 


at 
i=] 
a 


Y¥ VOLTAGE (VDD) = 15V Ath 


So & Oe 


2 
i 


UPP 


r 


a 
So 2A NH ARO BD ADD 


TT ye 
to 


POWER DISSIPATION. PER GATE (PD) (W) 
3 


pet tet 
| TA SAN 
CONAN 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF CLOCK INPUT FREQUENCY 


Q10203 04 | 


| 
| 


U 


es 
Lied 
VDD > 


A 
FO 


PIS 


CARRY 


RWARD 


> PL2 


Using Couleur’s Technique (BIDEC)*, a binary number (most 
. Significant bit, MSB) first is shifted and processed, such that 
the BCD equivalent is obtained when the last binary bit is 
clocked into the register. The CD4035BMS, with the correct 
conversion logic, can also be used as a BCD-to-binary con- 
verter. , | i 


-“*“NOTE: The basic rule is: If a 4 or less is in a decade, shift with the 
next clock pulse; if a 5 or greater is in a decade, add 3 and 
~ then shift at the next clock pulse. For more information 


7-858 


refer to “IRE TRANSACTIONS ON ELECTRONIC COM- 


PUTERS”, Dec. 1958, pages 313-316. 
FIGURE 10. BIDEC LOGIC 


CD4035BMS 


bi = Bibs BEE 
Tic en Ee rehe 
; 4 STAGE REGISTER 


K 


R ai Q2 Q3 


“I jf =| Ee wlelslo] = ja} 3] EI - 


Using a control line (E) two different state sequences can 
be generated. For example, suppose the following two 
sequences are desired on command (control line E). 


FIGURE 11(a). DOUBLE SEQUENCE GENERATOR FIGURE 11(b). STATE SEQUENCES 


LOGIC 


CLOCK © 


CARRY , 
INPUT 


BCD UNITS 
(BIDEC LOGIC) 
| FIG7 FIG 7 NEXT 
: ; Seana ee seo | DECADE 


gee es, 
aire PLS | ae PI-3 
REGISTER | . PH REGISTER | ._P14 


FIGURE 12. BINARY-TO-BCD CONVERTER 
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CD4035BMS 


Chip Dimensions and Pad Layout 
8 020 30 40 50 69 70 8 9092 | 


fe 


{ at 
bi 


83-91 
(2.109-2.311) 


i? 


rss saul g9- a a a 
2.261-2.463) 


the bal er 
dered om are in cae inch ky 


Hee pe adoatsa: 


-METALLIZATION: Thickness: 11kA — ee AL. 
PASSIVATION: | 10.4kA - 15. ard. Silan 

BOND PADS: 0.004 inches X 0.004 in i MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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mares CD4041UBMS 


December 1992 CMOS Quad True/Complement Buffer 
Features Pinout 
| CD4041UBMS 
e High Voltage Type (20V Rating) TOP VIEW 


e Balanced Sink and Source Current; Approximately 4 
Times Standard “B” Drive . 


Equalized Delay to True and Complement Outputs 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full 
Package-Temperature Range; 


- 100nA at 18V and +25°C 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specificationsfor Description of 
‘B’ Series CMOS Devices” 


Applications Functional Diagram 


¢ High Current Source/Sink Driver A : : E 
¢ CMOS-to-DTL/TTL Converter Buffer E=A , 
¢ Display Driver = F 
¢ MOS Clock Driver : 6 . - 
¢ Resistor Network Driver (Ladder or Weighted R) G=B , oO 
° Buffer H O 
H=B 
¢ Transmission Line Driver © 2 10 8 - — 
Description RECS 
L 
CD4041UBMS types are quad true/complement buffers con- L=C¢ 
sisting of n- and p- channel units having low channel resis- R 13 
tance and high current (sourcing and sinking) capability. The 
CD4041UBMS is intended for use as a buffer, line driver, or VSS =7 slag 
CMOS-to-TTL driver. It can be used as an ultra-low power vope\s an 
resistor-network driver for A/D and D/A conversion, as a pa 


transmission-line driver, and in other applications where high 
noise immunity and low power dissipation are primary 
design requirements. 


VDD VDD 
The CD4041UBMS is supplied in these 14 lead outline pack- 7 t 4 | 
ages: : TRUE 
g | x OUTPUT 


Braze Seal DIP H4Q 


vss 
Frit Seal DIP H1B 
VDD 
Ceramic Flatpack H3W 
COMPLEMENT 
2 y{N OUTPUT 

ALL INPUTS PROTECTED 

BY CMOS INPUT _ 

PROTECTION NETWORK VDD VSS 


FIGURE 1. SCHEMATIC DIAGRAM 1 OF 4 BUFFERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3309 
Copyright © Harris Corporation 1992 7-861 


. Specifications CD4041UBMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Allinputs ....... ieee -0.5V to VDD +0.5V 

DC Input Current, Any One Input....0...........0 e080. 2 t10mA 

Operating Temperature Range............ eee 55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C . 

Lead Temperature (During Soldering) ...............6.. +265°C 


At Distance 1/16 + 1/32 inch .(1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance .........ceceeee 6; 0: 


Ceramic DIP and FRIT Package ..... B0°C/W 20°C/w 
Flatpack Package ............+.+- 7O°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ............06. 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ..... 0... cece cece cece eee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current: 


VIN = VDD or GND 


VIL VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


F 
VIL 
Input Voltage High VIH 
VIH 


PARAMETER _| SYMBOL CONDITIONS (NOTE 1) 
i VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VIN=VODorGND- |VDD=20 
VDD = 18V 


Tone [vo =v, vour=26v | 
upu Curent Source] TOn10_|VDD= 10v, VOUT=95v 
oupurGurent(Source)] 1OHIS |VOD=15v, VOUT= 195 

Cre 


= 18V 


VNTH |VDD = 10V, ISS = -10pA 
VPTH [VSS = OV, IDD = 10HA 


Functional VDD = 2.8V, VIN = VDD or GND 7 
VDD = 20V, VIN = VDD or GND 7 
VDD = 18V, VIN = VDD or GND 8 


VDD = 3V, VIN = VDD or GND 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) : 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Input Voltage High VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


LIMITS 


GROUP A 
_ TEMPERATURE 


+25°C 
+125°C 
-55°C 

+25°C 
+125°C 


” 
c 
wo 
@) 
| 
° 
c 
~ 
” 


Fase ni 

rare 

200 [0a 

2 Pa 

ae ee 

a ee 

425°C 100 

4125°C | 1000 | nA | 

425°C, +125°C, -55°C | 50 | mv 

ee a 

ec ee 

ee ee 

a 

ee 

ae 

a 

ee ee 
rae 

ae 425°C, +125°C, -55°C Sake aa 

toe 425°C, +125°C, -55°C a ee ae 

Lee 425°C, +125°C, -55°C a ae 

eed 425°C, +125°C, -55°C al? 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to.inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay — TPHL |VDD=5V,VIN=VDDorGND {| 9 | 425°C 
VDD = 5V, VIN = VDD or GND 425°C 
| L 


10, 11 +125°C, -55°C 
NOTES: 


1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


LIMITS ae 


UNITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


LIMITS 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
425°C, +125°C, 
-55°C 


Output Voltage VDD = 5V, No Load io 

Output Voltage VDD = 5V, No Load 

Output Voltage VDD = 10V, No Load be 

Output Current (Sink) lIOL10 | VDD = 10V, VOUT = 0.5V 1,2 +125°C 
-55°C 


OL 
OL 
OH 
OH 


Output Current (Sink) 1OL5 | VDD =5V, VOUT =0.4V 
pavenell hed aia Wpalh oo ox 
oe : 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 13 m 
Output Current (Source) IOH5A =| VDD = 5V, VOUT = 4.6V mA 
dana Maas aenicilindlll: : 
Output Current (Source) | IOH5B | VDD = 5V, VOUT = 2.5V mA 
inenincned boat amie : 
A 


© 55°C mA 


$ 
3 


55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


3 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


: t 
wlefalelelelals 
S pRlLO] 4 


| 
Output Current (Source) IOH10 {VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER SYMBOL -~ CONDITIONS NOTES | TEMPERATURE 


pene? OE agar oe ea 
ae [es [oF 


Input Capacitance Any Input , 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are ‘not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
“TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
_ PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


Supply Current _ | IDD | VDD = 20V, VIN = VDD or GND pA 


Can 
a el 
INTwesholdvokage | WNTH |voD=10v,.85=-1qa | 1 | wesc | 20 | 02 |v 


N Threshold Voltage AVTIN. | VDD = 10V, ISS =-10nA fe a ee 
Delta 


P Threshold Voltage VSS = OV, IDD = 10A re ee 


rae 

1,4 

1,4 
P Threshold Voltage AVTP. |VSS = OV, IDD = 104 os 425°C Ly +4 
Deita 
Functional F 425°C | VOH> | VOL< | V 
ee a eeecnccecrrs A i ced kd 

TPLH 


NOTES: 1. All voltages referenced to device GND. 3: See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. ‘ 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| 
Suppycurent-wsi1_-| 0 ‘|somA CS” 
+ 20% x Pre-Test Reading 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS . READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, |OL5, IOHSA 
Interim Test 1 (Post‘Burn-In) | 100% 5004 IDD, IOL5, IOH5SA 
Interim Test 2 (Post Burn-in) 00% 5004 IDD, IOLS, IOH5SA 


1 

PDA (Note 1) 100% 5004 | 1,7, 9, Deltas a 
Interim Test 3 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 

PDA (Note 1) 100% 5004 1, 7, 9, Deltas Me te tos eae acad 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Final Test 100% 5004 2, 3, 8A, 8B, 10, 11 ee ose 
Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


GroupD. = s—s*~*~s—sSsédY:SsSampple, 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


ee TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 5005 Table 4 1,9, Deltas Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
vbD OV+-05V | —50kKHz =| —25kHz 
Static Burn-In1 {4,2,4,5,8,9,11, | 3,6, 7, 10, 13 14 
(Note 1) 12 


Static Burn-in 2 | 1, 2, 4, 5, 8, 9, 11, 7 3, 6, 10, 13, 14 
(Note 1) 12 
7 1,2, 4, 5, 8, 9, 11, 3, 6, 10, 13 
12 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 4.75K + 5%; VDD = 18V + 0.5V 


3. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V + 0.5V 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tg) = +25°C ae 


y GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


AMBIENT TEMPERATURE (Ta) = +25°C Ed 


70 


OUTPUT LOW CURRENT (IOL) (mA) 
& 
OUTPUT LOW CURRENT (IOL) (mA) 


10g 
Lb sas sO fl 
coo ae DS 
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 
Dante TO SCURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM LOW (SINK) CURRENT CHARACTERIS- 
CHARACTERISTICS TICS 
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Typical Performance Characteristics (Continued) 3 


| DRAN-TO-SOURCE VOLTAGE (08) m 2 DRAIN-TO-SOURCE VOLTAGE (VDS)(V). 
7 a & 4 ri - GQ 7 6 5§ 4 3 2 -1 0°: 
g is 
5 3 
L— = 
3 Al 
é E 
ra] 3 
g g 
p= | 
3 re) 
2 n 
g G 
be = x 
[air ipa |” 8 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT ~ FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
' CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


_ 


COTA 


2 
z = g 
J wy 
: ai 
Pat > aa x 
Ww 
e | | Leer LL. E 
F me," = 
> 50 er w 
: HEE EHH z 
Q 40 = z 
re) 
sé | | | Lee E 
o 
a CREE ESTT] 
oS SS ee 
10 | 
0 10 20 30 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
LOAD EApAS TANCE! (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 7. TYPICAL TRANSITION TIME vs LOAD 
CAPACITANCE CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = ee 


= Ss 

re) ~ 

= S 

rr Ww 

Go 

< 

ss S 

j= 

5 5 
-a 2 

5 5 

o ° 

INPUT VOLTAGE (VI) (V) : INPUT VOLTAGE (Vi) (V) 
FIGURE 8. MINIMUM AND MAXIMUM TRANSFER FIGURE 9. MINIMUM AND MAXIMUM TRANSFER 
CHARACTERISTICS - TRUE OUTPUT CHARACTERISTICS - COMPLEMENT OUTPUT 
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Typical Performance Characteristics (Continued) 


3 4 { AMBIENT TEMPERATURE (Ta) = +25°C 
| 2 | INPUT tr = tp = 20ns 
<4 r 8 wan 
— 6 bn 5 
: 404 2 ce or 8 (7 ame ammarine 
rs a eer eZ ; NIA A 
5 ; 3 a ; At 
Se Ee At) aml 
Gi 10° 3 aE 10° 3 ttt ttt 
z 4 DS ; Alar 
Q i Bo . rill | Lill 
& 10? g co AU Tt 
6 wu 107 ry rr 
gS z 8 Saimeet 
4 
i 10 3 — e ‘ PT 
o S| 1kHz AT 5V 1 
10 8 ee ir 
2 4 eo? 4 oe 2 4 dr 4 ger 4 hae 4 pe : inti opened 
0 = 
1 1 10 10 1 10 10 : WT TTT CL = 50pF wun 
INPUT RISE AND FALL TIME (tr, tf) (ns) 2 468 2 468 2 468 2 468 
10° 104 10° 10° 107 
FREQUENCY (f) (Hz) 
FIGURE 10. TYPICAL POWER DISSIPATION vs INPUT RISE FIGURE 11. TYPICAL POWER DISSIPATION vs FREQUENCY 
AND FALL TIME PER OUTPUT PAIR PER OUTPUT PAIR 


Chip Dimensions and Pad Layout 


8 7 6 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
4 PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


DIE SIZE: X = 72 (69 - 77) 
3 Y = 82 (79 - 87) 


ele rein Gen i 
Pt | |_| 


13 14 1 


Div nsens no pEcatheres 2+: in cil mete 
2d ave cetives frome beaiz ing: divans ons 
23 cienzed. Grd geecuatinns ene in ile 107 ings! 
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HARRIS § CD4042BMS 


es . TT Yd 
Sasseberioes | CMOS Quad Clocked “D Latch 
Features a Pinout 
° High-Voltage Type (20V Rating) | CD4042BMS — 
TOP VIEW 
¢ Clock Polarity Control 


* Qand Q Outputs 

e¢ Common Clock 

e Low Power TTL Compatible 

Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e 5V, 10V and 15V Parametric Ratings | 
Noise Margin (Over Full Package Temperature Range): NC = NO CONNECTION 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


: | Functional Diagram 
¢ Meets Ali Requirements of JEDEC Tentative Standard 9g 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 01 @) 3 


Applications 


b2 (7) 
¢ Buffer Storage af 


¢ Holding Register 


¢ General Digital Logic bs 3) i ie 
Description _ 

CD4042BMS types contain four latch circuits, each strobed by a | EF ¥ 
common clock. Complementary buffered outputs are available | 

from each circuit. The impedance of the n- and p- channel output _ CLOCK 

devices is balanced and alll outputs are electrically identical. S—TI Yj, 


and Q during the CLOCK level which is programmed by the 


Information present at the data input is transferred to outputs Q | oe > 
POLARITY pond = 
POLARITY input. For POLARITY = 0 the transfer occurs during (5) | 


the 0 CLOCK level and for POLARITY = 1 the transfer occurs VoD 
during the 1 CLOCK level. The outputs follow the data input | 
defined above are present. When a CLOCK transition occurs vss 


(positive for POLARITY = 0 and negative for POLARITY = 1) the 
information present at the input during the CLOCK transition is 


retained at the outputs until an opposite CLOCK transition 
occurs. 


The CD4042BMS is supplied in these 16 lead outline packages: 
Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 7-868 


(2) a1 
(3) 7 
G40) a2 
(9) G2 
414) a3 
42) G3 
G) a4 
15) G4 


FileNumber 3310 


Specifications CD4042BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V. Thermal Resistance ............... F Oia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP Package............. 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input............. 0. cee eee ees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D, F, K, H | | For TA = +100°C to +125°C (Package Type D, F, K)......Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mWAC to 200mW 

Lead Temperature (During Soldering) ................- +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .. 0... eee ce ee ee teen nee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER |SYMBOL| — CONDITIONS(NOTE1) | |SUBGROUPS] TEMPERATURE | MIN | MAX |UNITS 


| 2 | tase | - | 200 | pa | 
VDD = 18V, VIN = VDD or GND ~ -55°C 


HL VIN = VDD or GND VDD = 20 +25°C 
+125°C 
VDD = 18V 
VIN = VDD or GND VDD = 20 
VDD = 18V 


-55°C 
+25°C 
+125°C 

| -55°C | 


Input Leakage Current 


= 


i] 1 
° rs 4 
> 


hb 
Sinan fxsaixa isis 


Input Leakage Current 


_ 
fo} 
© 


_ 
i=) 
So 


2) 


= 
© 


+25°C, +125°C, -55° 
= 5V, +25°C 
= 10V, +25°C 
; +25°C 
Output Current (Source) +25°C 
VDD = 15V, VOUT = 13.5V 1 +25°C 


t 
ot 


O{ a]: 
N 


+25°C 


+25°C VOH> | VOL < 
eae VDD/2 | VDD/2 


+25°C 
VDD = 18V, VIN = VDD or GND +125°C 
VDD = 3V, VIN = VDD or GND -55°C 


Input Voltage Low . VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55°C 
(Note 2) | ; 

input Voltage High V VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55° 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND. 3. For accuracy, voltage is measured differentially to VDD. Limit 
2. Go/no go test with limits applied to inputs. is 0.050V max. 


@ 
> 


fee) 
® 


VIL 
lH 


425°C, +125°C, -55° 


Q 


©) 


Q 


+25°C, +125°C, -55° 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A ; 
PARAMETER SYMBOL} CONDITIONS (NOTES 1,2) {| SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL1 {| VDD = 5V, VIN = VDD or GND ee ee 


Data in toQ 


Propagation Delay 
(Note 2) 
Clock to Q 


Propagation Delay 


(Note 2) TPLH1 ee 
Data in to Q | 1,11 | +125°C, -55°C 
Propagation Delay - TPHL2 | VDD =5V, VIN = VDD or GND a ee | 300 | 
(Note 2) TPLH2 es 


10,11 | +125°C, -55°C 
TPHL3 }VDD=5V,VIN=VDDorGND | 9 | 425° =| 


Races prs 
a prs 
a 
i Nd 
pee pins | 
ee pons | 
eae | ns 


TPHL4 
TPLH4 


VOD = 5V, VIN = VDD or GND 


ee 
eiock1o ee Ee 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425° | 
Note mA [an vias, 5°0 


NOTES: 
1. VDD = 5V, CL = 50pF, RL = 200K, input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL fs? ieee 3 NOTES TEMPERATURE 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage ica VDD = 10V, No Load 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
= +25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V aa 
| Output Current (Sink) OL10 | VDD = 10V, VOUT = 0.5V 2 +125°C 
| -55°C 


LIMITS 


PlelePelelsletel <1 el PPP P HE 


UNITS 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-65°C 


+25°C, +125°C, 
-55°C 
Output Current (Sink) IOL15 =| VDD = 15V, VOUT = 1.5V +125°C 


Output Current (Source) IOH5A | VDD =5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 


° 
.@) 
i) 


Output Current (Source) 


+125°C 


3 


P| >| > 


Output Current (Source) am VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL | ie | TEMPERATURE 


Output Current (Source) ies VDD =15V, VOUT = 13.5V +125°C 


Input Voltage Low VIL VDD = 10V, VOH > SV, VOL < 1V +25°C, +125°C, 
-55°C 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V ; 


+25°C, +125°C 
Propagation Delay TPHL1 | VDD =10V 
Data in to Q TPLH1 VDD = 15V 
Propagation Delay. TPHL2 | VDD=10V +2 
Data in to Q TPLH2 VDD = 15V 
+2 
+2 


LIMITS 


eel LL PPE aL Pela 


NOTES 
1,2 


UNITS 


3 
> 


+7 
-55°C . 
1 


Oo 


i) 
< 


0 


Propagation Delay TPHL3 |} VDD=10V 
Clock to Q TPLH3 VDD = 15V 
Propagation Delay TPLH4 | VDD =10V 
Clock to Q TPHL4 VDD = 15V 1,2,3 
10V 


1 
1 
1 


5 
80 
0 


© 


Transition Time TTHL |vDD=10v 
TACL |vop=5v 
TFCL = 


Clock Input Rise and Fall 
Time (Note 4) 


VDD = 15V 


TS 

+ 
Ta [vop=ev 
CIN 


Minimum Data Setup 
Time 


| ee 


Minimum Data Hold Time 


VDD = 5V 
7 
DD = 15V 
Any Input 


Minimum Clock Pulse 
Width 


NOTES: 


1. All voltages referenced to device GND. . 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K. 
' 4, * Not sensitive 


7. 


on 
7 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS . 


UNITS 
pA 


TEMPERATURE 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10nA 
2 


/_MIN | MAX | 

[7s 

+ | 28 | 02 | 

N Threshold Voltage VOD=10V,ISS=-10sA | 14,4 ee | 
Delta 

roa aa 

ane 


F |VDD = 18V, VIN= VDD or GND 725°. | VOH>| voL< | v 
| -TVDD = 3V, VIN = VDD or GND vbD/2 {| VDD/2 | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record | 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Suppvouen-MSHt | Deo 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS _ | 


Group B Subgroup B-5 Sample 5005 


NOTE: 
1. 1.5% parametric, 3% functional; cumulative for static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 | 5008 ; Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


[meron | corm | encrno | wo | weeny [aie] pane — 
al i A A 
Note 1 

orpue earl 


Static Burn-In2 | 1-3, 9-12, 15 
Note 1 
Dynamic Burn- 4,7, 13, 14 
| In Note 1 
1. Each pin except VDD and GND will have a series resistor of 10K +t 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 


= 10V + 0.5V 


Logic Diagram 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


VDD 


| CONTROL P 

; ; 

: ; 

cock: (5)-+ CL} 

} : 

; : 

6 6 

6 6 

é 6 

6 ail 4 

‘ CL : 

é r) 

4 $ 

6 é 

6 pa 8 
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CD4042BMS 


Typical Performance Characteristics | 


e 8 15. 
B TE-TO-SOURCE VOLTAGE 
= ra 
gS e 
é a 
0 10 5 
__. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 2S. _.__ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL OUTPUT.LOW (SINK) CURRENT CHAR- —_— FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
_ ACTERISTICS ACTERISTICS 2, 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | 5 at DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 -10 5 0 . -15 -10 $ 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


H (SOURCE) CURRENT (fOH) (mA) 


= 
a 
G 


OUTPUT Hi 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
~ CHARACTERISTICS , CHARACTERISTICS 
£ AMBIENT TEMPERATURE (Tq) = +25°C wes 2 
=i = 
ott tt ttt tt | oe 
& Ea SUPPLY VOLTAGE (VDD) = 5V B a 
ry r 
E FE 
a : 
: : 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) _ LOAD CAPACITANCE (CL) (pF) 
FIGURE 5. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - DATA TO Q CAPACITANCE - DATA TO Q 
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Typical Performance Characteristics (Continued) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE - CLOCK TO Q CAPACITANCE - CLOCK TO Q 

A 10° AMBIENT TEMPERATURE (Ta) = +25°C 

=~ o 

& 5 = 

rae zr 

(S) on! 

> = 200 

a. 10 == = 

i H = 159 

z 10° = 

re) 

e = 

S492 SO 100 

D = 

B g 

oe | 10 Fea 50 ro) 

Ww —7 - = 

> i Oo 

9 1bCo oO 
0 ae 
0 20. 40 60 80 100 


INPUT FREQUENCY (fl) (kHz) LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 10. TYPICAL TRANSITION TIME vs LOAD CAPACEL 
TANCE 


Chip Dimensions and Pad Layout 


NOTE 1 | | 
CLOCK 
NOTE 2 | | 1 75 


LATCH 

DATA LOW DATA ts ty i} 
INPUT <i 
D LATCH: i oii 
HIGH DATA | 


tPHL, tPLH 


Low DATA JD TOQORA 
LATCHED: 


= = ~ bs 
Q : _:tPHL, tPLH a = ‘Se . 
OUTPUT a i<*icLTOQORQ =; =p or 


HIGH DATA: 


LATCHED! | | P+RPeB BA 
. 4-10 
NOTES: br ib Posa) 
1. For positive clock edge, input data is : raee = Lg ant 


latched when polarity is low. 


2. For negative clock edge, input data is Dimensions in parentheses are in millimeters and are 
latched when polarity is high. derived from the basic inch dimensions as indicated 


. * ° * 3 . 
FIGURE 11. DYNAMIC TEST PARAMETERS Grid graduations are in mils (10~ inch). 
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Features 

¢ High Voltage Types (20V Rating) 

e Quad NOR R/S Latch- CD4043BMS 

° Quad NAND PIS Latch - CD4044BMS 

e 3 State Outputs with Common Output ENABLE 
Separate SET and RESET Inputs for Each Latch 
NOR and NAND Configuration 

5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1a at 18V Over Full Pack- 
age-Temperature Range; | 


-. 100nA at 18V and 25°C 

Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD=10V > 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for ee of ‘B’ 
Series CMOS Devices” 


Applications 


¢ Holding Register in Multi- -Register System 

e Four Bits of Independent Storage with Output ENABLE 
° Strobed Register 

¢ General Digital Logic | 

¢ CD4043BMS for Positive Logic Systems 

e CD4044BMS for Negative Logic Systems 


Description 


CD4043BMS types are quad cross-coupled 3-state CMOS NOR 
latches and the CD4044BMS types are quad cross-coupled 3- 
state CMOS NAND latches. Each latch has a separate Q output 
and individual SET and RESET inputs. The Q outputs are con- 
trolled by a common ENABLE input. A logic “1” or high on the 
ENABLE input connects the latch states to the Q outputs. A logic 
“0” or low on the ENABLE input disconnects the latch states from 
the Q outputs, results in an open circuit feature allows common 
busing of the outputs. . 


The CD4043BMS and CD4044BMS are apes in these 16- 
lead outline packages: 


tH4T 


Braze Seal DIP *H4T 

Frit Seal DIP *H1iC =TtHIE 
Ceramic Flatpack *“H3X tH6EW 
*CD4043B Only tCD4044B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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CD4043BMS 
CD4044BMS 


‘CMOS Quad 3 State R/S Latches 


Pinout 


‘CD4043BMS 
TOP VIEW 


NC = NO CONNECTION 


CD4044BMsS 
TOP VIEW. 


NC = NO CONNECTION 


FileNumber 3311 


Specifications CD4043BMS, CD4044BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ......... 22. eee eee +10mA 

Operating Temperature Range. ............65. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............06. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ............04.- Bia 0. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package .............06. 7O0°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ........ cc eee cece eee ee eee e eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
sSecnss|_venvenarune [ai Mons 
VOD =20V,VIN=VDDerGND 1 [wae | - [2 | pa 
Seiiclaliaaaiaanl ieee sae ees GR 
VDD=18V, VIN=VDDorGND [| 3 | 85°C tT 2 | 
iL |VIN=VDDorGND jvoD=20 {1 [| 25°C | 100 |= | nA 
4 2280 1000] =| na 
vop=18v} 38 100 | = | nA 
VIN=VDDorGND |vDbD=20 { 1 | s25ec |_| 100 | nA | 
nel ee 
vop=i8v{ 3] CT f 100 | 
VOLIS [VOD tev, Noload———« “405°, v12°0, oer] | 50 | mv | 
VDD = 15V,NoLoad (Note) | 1.2.8 [v2stc, +125, sstc] tag5] - | v | 
VOD=5V,vOuT=04v | tC 3 || mA 
lOL10_|VDD=10v,vouT=o5v | tT terete || mA 
lOL15_|VDD=15v,vouT=15v_ | Tere | || ma 
iOHSA |vOD=sv, VouT=4ev_ | 1 «dt Sat | ma 
voD= sv, vouT=26v | «dat id | ms 
VOD=10V,voUT=9.5V_ | tT - 4 | ma 
lOHi5 _|VDD=15v,vouT=13.5V_ ft] 8PC- -8'5S | ma | 
IN Threshold Votage | _VNTH |vDD=10v,1SS=-1mua | 1 —S*dSSCtast Sd | 07 
P Threshold Votage | PTH |VSS=0V,IDD=10uA_—*+|1~~—*4|~—SCtas—SC*d or | 28 | | 
Functional voH>]voL<| Vv 
Oee Meo 
VDD =18V,VIN=VODorGND | 8A] 125°C 
(Note 2) . 
(Note 2) ; 
(Note 2) VOL < 1.5V 
Input Voltage High VDD = 15V, VOH > 13.5V, [tee +25°C, +125°C, -55°C 
_ (Note 2) VOL < 1.5V 
Tri-State Output lOZL |VIN=VDDorGND |voD=20v{ 1 | +25 | 
pata . ane ee ae ee 
woo=tev[ 3) sr 
oe Output VIN=VDDorGND |voD=20v{ 1 | 425% ~~ | 
Poe Conner a ee ee 
ee ee 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. - 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4043BMS, CD4044BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 2 | LIMITS — 
| GROUP A 
PARAMETER _| SYMBOL SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 

Set or Reset to Q TPLH {(Notes1,2) +125°C, -55°C 

Propagation Delay TPHZ |VDD=5V,VIN=VDDorGND | 9 | 425°C 
3-StateEnabletoQ | TPZH | (Notes 2, 3) iout | deste aac 
Propagation Delay TPLZ |VDD=5V,VIN=VDDorGND | 9 | 425°C 

3 - State Enable to Q TPZL | (Notes 2, 3) 10, 14 +125°C, -55°C 
Transition Time _ TTHL |VDD=5V,VIN=VDDorGnD | 9 | — 425°C 

ees | 1041 


p= | 405 | ns 
| =| 230 | ns 
po - | att fons | 
| = | 180 | ns 
| - | 243 | ns 
| - | 200 | ns _| 
| =f 270 | ns 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
1. CL =50pF, RL = 1K, Input TR, TF < 20ns. ; 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 


Supply Current VDD = 5V, VIN = VDD or GND - 4,2 


he VDD = 5V, No Load 1,2 
Output Voltage ae 


LIMITS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 


UNITS 


= 


20 


VDD = 10V, No Load 
VDD = 5V, No Load 


& 
©) 


+25°C, +125°C, 


-55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
. ~55°C 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


3 


VOL 
VOL 

VOH 

VOH 
iesanaeaal incl mcrae, 
imeem lal jesibaniaelll 


fb 
ho 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
NOTES TEMPERATURE 
VDD = 10V, VOH > 9V, VOL < 1V 425°C, +125°C, 
55°C 


se 
VIH VDD = 10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, 


Propagation Delay TPHZ 
3 State Enable to Q TPZH | VDD = 15V 


Transition Time 


Minimum Set or Reset 
Pulse Width 


Input Capacitance CIN 


NOTES: | . 
1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


o 
0) 
Oo 
a 


N Threshold Voltage 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA 
Delta 


P Threshold Voltage 
Delta 


VDD = 18V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
Output Current (Sink) IOL5 + 20% x Pre-Test Reading 


Output Current (Source) IOH5A + 20% x Pre-Test Reading 
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Specifications CD4043BMS, CD4044BMS 
s . TABLE 6. APPLICABLE SUBGROUPS 


. — | MIL-STD-883 | 
CONFORMANCE GROUP METHOD | GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 © IDD, IOL5, IOH5A | 
Interim Test 1 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 
Interim Test 2(Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A | 


TPDAWoet) | _woomsoe | —ia7.bems it CSCSC~S 
FraiTest | _toomsooe [asap OCS 
[Groupe _———S—S—~*d:CS am 0s | 7. ABO | 
Group 8 
SubgroupB-6 | Samposoos | _—sae dT SC~S 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
. MIL-STD-883 TEST ; READ AND RECORD 
CONFORMANCE GROUPS - METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD .| POST-IRRAD 


‘ 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. BURN-IN.AND IRRADIATION TEST CONNECTIONS 


. OSCILLATOR . 
PART NUMBER CD4043BMS 
Static Burn-in 1 3-8, 11, 12, 14, 16 
Note 1 15 
3-7, 11, 12, 
14-16 


Static Burn-In 2 
Note 1 
4,6, 12, 14 3, 7, 11, 15 


Dynamic Burn- 
In Note 1 
PART NUMBER CD4044BMS 


Irradiation 3-7, 11, 12, 
Note 2 14-16 
Static Burn-in 1 1,2, 9, 10, 13 3-8, 11, 12, 14, 16 
Note 1 15 
Static Burn-In 2 3-7, 11,12, . 
Note 1 14-16 
Dynamic Burn- 1,9, 10, 13 4,6, 12, 14 3,7, 11, 15 
In Note 1 
Irradiation 1,2, 9, 10, 13 3-7, 11, 12, 
. 14-16 
NOTE: - 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Functional Diagram 


Ri 
s1 
R2 
S2 
R3 
$3 
Rs 
S4 
ENABLE 
CD4043BMS CD4044BMS 
Logic Diagram 
EQUIVALENT EQUIVALENT 
NORLATCH E VDD NAND LATCH E VDD 
* 6 
r] : 
; , Qi : 
: ; ‘fo 
é ‘ 
‘ ' 
© 
| 
4 ; O 
* : wl 
y i] 
EB ter eee eer ewwnwnnennnnne +E vss 
* G -— at §, - E 
E 
VDD *ALL INPUTS ARE PROTECTED VDD *ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION ? | BY CMOS PROTECTION 
NETWORK NETWORK 
vss vss 
CD4043BMS | CD4044BMS 
TRUTH TABLE 
CD4043BMS CD4044BMS 


* Open Circuit | * Open Circuit 
** No Change ** No Change 
A Dominated by S = 1 input AA Dominated by R = O input 
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Typical Performance Characteristics 


PP cows we ace a OS 
3 2 
e Fa 
B - 8 
< 
B id 
: g 
: : 
re) re) 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ DRAIN-TO-SOURCE VOLTAGE (VDs) (V) 
FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10" 5 0 -15 -10 5 i) 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V TE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 
i : rT 
= Ps 
= 200 x 
t uy 
xe 
i = 
us 150 = 
= 
F : 
5 
5 100 g 
7} E 
< g 
m 50 
= 
: 
% 20 40. 60 30 100 "O eADCAPRCTANCELCLI EA 
LOAD CAPACITANCE (CL) (pF) | ORD CARATS (EERE). 
FIGURE 5. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
LOAD CAPACITANCE | CAPACITANCE - SET, RESET, to Q, Q 
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Typical Performance Characteristics (Continued) 


A 10° [ AMBIENT TEMPERATURE (Tq) = +25°C asa 
Se gy A 1H 
bead ——t-—}—- ee <@QimaP 
) i a Ai 
& 10* [ SUPPLY VOLTAGE (VDD) = 15V at oo adt | | 
o SBS) SEER Ga OD b tA Cee ES GH) iS ee pe itt — st tt 
or 1 T_T arn ine TT 
wi iS. aT) al 
a 1 —nD 6 6 eee eee w-moee” <0 ee oa we EE hess Se eae ce © 
Zz ee St 
) msi a8 ee mig 
FE a0 Lt PL eel 
é So ae cs ee =e ee: 
g 0 ati mai 
Go 10 te ee et ttt i 
c = : 
wi Ait | tit t_ i 
= 1 tit ft tint i 
a 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 7. TYPICAL POWER DISSIPATION vs FREQUENCY 


OUTPUT 


VDD 


CD4044BMS CD4043BMS 


FIGURE 8. SWITCH BOUNCE ELIMINATOR 


rer] w [RTA 
ez | voo [vss | vss 
pez] voo | vss | vss 


ENABLE 


tPZH :; 90% —— ~ 2/3 VDD 


POINT A ~ 1/3 VDD 
Z = HIGH IMPEDANCE (ea NOON SNe>) 
POINT A ~ 2/3 VDD 
(IN = VSS, IN = VDD) Pare 
tPZL> 


tPLZ — 


FIGURE 9. ENABLE PROPAGATION DELAY TIME TEST CIRCUIT AND WAVEFORM 
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13 e400 y 
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24 o4 (| 
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é 
a GRk 2 
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| i on 
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is Lael 
24 04 
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FIGURE 10. MULTIPLE BUS STORAGE 
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Chip Dimensions and Pad Layouts 


0 10 20 30 40 50 6065 


Oo 10 20 30 40 50 665 
1 tf | lf || 


Tete 


o— . 
los 4-10 
(0.102 -0.254) 
62-70 
(1.575 —1.778) 


CD4043BMSH 


o— 
= 4-10 
(0.102-0.254) 


62-70 
(1.575 - 1.778) 


CD4044BMSH 
Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 

as indicated. Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 


Very Low Power Consumption: 
70uLW (typ.) at VCO fo = 10kHz, VDD = 5V 


Operating Frequency Range Up to 1.4 MHz (typ.) at 
VDD = 10V, RI = 5kQ 


Low Frequency Drift: 0.04%/°C (typ.) at VDD = 10V 


Choice of Two Phase Comparators: 
- Exclusive-OR Network (I) 


- Edge-Controlled Memory Network with Phase-Pulse 
Output for Lock Indication (il) 


High VCO Linearity: <1% (typ.) at VDD = 10V 


VCO Inhibit Control for ON-OFF Keying and Ultra-Low 
Standby Power Consumption 


Source-Follower Output of VCO Control 
(Demod. Output) 


Zener Diode to Assist Supply Regulation 


Input 


Standardize, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings | 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of ‘B’ 
Series CMOS Devices” 


Applications 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


FM Demodulator and Modulator 
Frequency Synthesis and Multiplication 
Frequency Discriminator 

Data Synchronization 
Voitage-to-Frequency Conversion 

Tone Decoding 

FSK - Modems 

Signal Conditioning 


CD4046BMS 


CMOS Micropower Phase Locked Loop 


Description 


CD4046BMS CMOS Micropower Phase-Locked Loop (PLL) 
consists of a low power linear voltage-controlled oscillator (VCO) 
and two different phase comparators having a common signal- 
input amplifier and a common comparator input. A 5.2V zener 
diode is provided for supply regulation if necessary. . 


The CD4046BMS is supplied in these 16-lead outline packages: 
Braze Seal DIP H4W | | 


Frit Seal DIP H1F 
Ceramic Flatpack H6W 
VCO Section 


The VCO requires one external capacitor C1 and one or two 
external resistors (R1 or R1 and R2). Resistor R1 and capacitor 
C1 determine the frequency range of the VCO and resistor R2 
enables the VCO to have a frequency offset if required. The high 
input impedance (10'2%) of the VCO simplifies the design of low 
pass filters by permitting the designer a wide choice of resistor- 
to-capacitor ratios. In order not to load the low-pass filter, a 
source-follower output of the VCO input voltage is provided at ter- 
minal 10 (DEMODULATED OUTPUT). If this terminal is used, a 
load resistor (RS) of 10kQ or more should be connected from 
this terminal to VSS. If unused this terminal should be left open. 
The VCO can be connected either directly or through frequency 
dividers to the comparator input of the phase comparators. A full 
CMOS logic swing is available at the output of the VCO and 
allows direct coupling to CMOS frequency dividers such as the 
Harris CD4024, CD4018, CD4020, CD4029, and CD4050. One 
or more CD4018 (Preset Table Divide-By-N Counter) or CD4029 
(Presettable Up/Down Counter) or CD4029 (Presettable Divide- 
by-N Counter) or CD4029 (Presettable Up/Down Counter), or 
CD4059A (Programmable Divide-by “N” Counter), together with 
the CD4046BMS (Phase-Locked Loop) can be used to build a 
micropower low-frequency synthesizer. A logic 0 on the INHIBIT 
input “enables” the VCO and the source follower, while a logic 1 
“turns off” both to minimize stand-by power consumption. 


Pinout 


CD4046BMS 
TOP VIEW 


46] VDD 
15] ZENER 
14] SIGNAL IN 


PHASE PULSES | 1| 
PHASE COMP | OUT | 2| 
COMPARATOR IN | 3 | 


VCO OUT | 4] 13} PHASE COMP Il OUT 
INHIBIT | 5 | 12| R2 TO VSS 
Ci(1) | 6 | 11} R1 TO VSS 


H0] DEMODULATOR OUT 
19} VCO IN 


C1 (2) 
vss {8 | 
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Phase Comparators 


The phase-comparator signal input (terminal 14) can be 
direct-coupled provided the signal swing is within CMOS 
logic levels (logic “O” <30% (VDD-VSS). logic “1” 270% (VDD 
- VSS)]. For smaller swings the signal must be capacitively 
coupled to the self-biasing amplifier at the signal input. 


Phase-comparator I is an exclusive -OR network; it operates 
analogously to an overdriven balanced mixer. To maximize 
the lock range, the signal and comparator-input frequencies 
must have a 50% duty cycle. With no signal or noise on the 
signal input, this phase comparator has an average output 
voltage equal to VDD/2. The low-pass filter connected to the 
output of phase-comparator | supplies the averaged voltage 
to the VCO input, and causes the VCO to oscillate at the 
center frequency (f,). 


The frequency range of input signals on which the PLL will 
lock if it was initially out of lock is defined as the frequency 
capture range (2fc). 


The frequency range of input signals on which the loop will — 


stay locked if it was initially in lock is defined as the fre- 
quency lock range (2fL). The capture range is < the lock 
range. 


With phase-comparator | the range of frequencies over 
which the PLL can acquire lock (capture range) is dependent 
on the low-pass-filter characteristics, and can be made as 
large as the lock range. Phase-comparator | enables a PLL 
system to remain in lock in spite of high amounts of noise in 
the input signal. 


One characteristic of this type of phase comparator is that it 
may lock onto input frequencies that are close to harmonics of 
the VCO center-frequency. A second characteristic is that the 
phase angle between the signal and the comparator input var- 
ies between 0° and 180°, and is 90° at the center frequency. 
Figure 1 shows the typical, triangular, phase-to-output 
response characteristic of phase comparator |. Typical wave- 
forms for a CMOS phase-locked-loop employing phase com- 
parator | in locked condition of f, is shown in Figure 2. 


AVERAGE OUTPUT 
VOLTAGE 


VDD 


AVERAGE OUTPUT VOLTAGE (V) 


180° 


0 90° 
SIGNAL-TO-COMPARATOR 
INPUTS PHASE DIFFERENCE 


FIGURE 1. PHASE-COMPARATOR I CHARACTERISTICS AT 
_ LOW-PASS FILTER OUTPUT 


SIGNAL INPUT (TERM. 14) | | 


VCO OUTPUT (TERM 4) = 


COMPARATOR INPUT (TERM 2h 


PHASE COMPARATOR | | | | | | | 

OUTPUT (TERM 2) -———— VDD 
VCO INPUT (TERM 9) = 

= LOW-PASS FILTER OUTPUT —— VSS 


FIGURE 2. TYPICAL WAVEFORMS FOR CMOS PHASE- 
LOCKED LOOP EMPLOYING PHASE COMPARA- 
TOR IN LOCKED CONDITION OF f,. 


Phase comparator Il is an edge-controlled digital memory 
network. It consists of four flip-flop stages, contro! gating, 
and a three-state output circuit comprising p- and n- type 
drivers having a common output node. When the p-MOS or 
n-MOS drivers are ON they pull the output up to VDD or 
down to VSS, respectively. This type of phase comparator 
acts only on the positive edges of the signal and comparator 
inputs. The duty cycles of the signal and comparator inputs 
are not important since positive transitions control the PLL 
system utilizing this type of comparator. If the signal-input 
frequency is higher than the comparator-input frequency, the 
p-type output driver is maintained ON most of the time, and 
both the n and p drivers OFF (3state) the remainder of the 
time. If the signal-input frequency is lower than the compara- 
tor-input frequency, the n-type output driver is maintained 
ON most of the time, and both the n and p drivers OFF (3 


state) the remainder of the time. If the signal and comparator 


input frequencies are the same, but the signal input lags the 
comparator input in phase, the n-type output driver is main- 
tained ON for a time corresponding to the phase differences. 
If the signal and comparator-input frequencies are the same, 
but the comparator input lags the signal in phase, the p-type 
output driver is maintained ON for a time corresponding to 
the phase difference. Subsequently, the capacitor voltage of 
the low-pass filter connected to this phase comparator is 
adjusted until the signal and comparator inputs are equal in 
both phase and frequency. At this stable point both p- and n- 
type output drivers remain OFF and thus the phase compar- 
ator output becomes an open circuit and holds the voltage 
on the capacitor of the low-pass filter constant. Moreover the 
signal at the “phase pulses” output is a high level which can 
be used for indicating a locked condition. Thus, for phase 
comparator Il, no phase difference exists between signal and 
comparator input over the full VCO frequency range. More- 
over, the power dissipation due to the low-pass filter is 
reduced when this type of phase comparator is used 
because both the p- and n-type output drivers are OFF for 
most of the signal input cycle. It should be noted that the 
PLL lock range for this type of phase comparator is equal to 
the capture range, independent of the low-pass filter. With 
no signal present at the signal input, the VCO is adjusted to 
its lowest frequency for phase comparator Il. Figure 15 
shows typical waveforms for a CMOS PLL employing phase 
comparator Il in a locked condition. 
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| Specifications CD4046BMS 


Absolute Maximum Ratings Reliability Information | _ 
DC Supply Voltage Range, (VDD) ............... 0.5Vto+20V Thermal Resistance ..............4.. Gia 8. 
(Voltage Referenced to VSS Terminals) | Ceramic DIP and FRIT Package.....° 80°C — “20°C/W 
Input Voltage Range, All Inputs ........... . .-0.5V to VDD +0.5V Flatpack Package ......... ee OTe ~ 7O°CW ~—ss 20°C /W 
DC Input Current, Any One Input.............. Patusswtene +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range...............- -55°C to +125°C ~—.: For TA= -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C . Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ..............0%. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... er ee re eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Z aROUBA 7 
eansueren _|svmoot| conomons wore» _|sisanoues|_renpenarune [an [wa [ours 
VOD=20v,VIN=VDDorGND|__1 | +250 -f - | 10 | ya | 
VOD =18V,VIN=VODorGND_ | 3 | src 10 A 
[input Leakage Current | tL [VIN=VDDorGND |vpbp=20 | 1. | +25 ~—=| -100 | - | nA | 
Input Leakage Current VIN=VDDorGND- [VDD=20 a es ee ee ee ee ee 
se ee ed eee 
vop=18v} 3] 8-100 | nA 
(Output Votage | VOLIS [VDD=16V,Noload ——+| __1,2,9 |26%0, s12s00, 50] | 50 | mv 
[Output Vottage | VOH1S [VOD = 18V, No Load (Notes) | 1.2.3 [»25°0, «125°C, 650] taa5[ - | V_ 
Output Current (Sink) | 1OL5_|VOD=sv,vouT=04v_ | tT PC 03 || mA 
Output Current (Sink)_| IOL10_[voD=1ov,vouT=o5sv {| 4] tC | mA 
Output Current (Sink) | 1OL15 |vOD=i5v,vouT=15v_ | dt | rT Tm 
(OHSA |vOD=sv,vOUT=46v__- [+ | ssc | - | 053] ma 
{Output Current (Source)| IOHSB_|VDD=5V,VOUT=25V | tt 42-18 | mA | 
Output Current (Source)! IOH10_[vDD=10v,vouT=9.5v | dt 25°C 14 | ma 
[Output Current (Source)| _!OH15__|VDD = 15V, VOUT = 13.5V ee ee ee 
IN Threshold Voltage | VNTH [VOD=10v,ISS=-10a_ | 1 | vase | 2a | or] v_ 
vPTH |VSS=0v,IDD=1uA——=+d[ 1 «iY SSCs Cit fe | 
Funetional F VOHS | voL<| _V 
{VDD=20V,VIN=VDDorGNO_ [| 7 | 25°C VODI2 DDO 
| 
| | 
(Note 2) 
“= nell al cic i ci a Bl al 
(Note 2) 
VDD = 15V, VOH > 13.5V, Ron 425°C, +125°C, -55°C de 
(Note 2) VOL < 1.5V 
VDD = 15V, VOH > 13.5V, (went +25°C, +125°C, -55°C hae ae ee 
(Note 2) VOL < 1.5V 
3 State Leakage VIN=VDDorGND jvDD=20v] 1 | 425°C ~— [| -100 | - =| nA | 
slit Paar alii Seaet Seees sence ee ee I 
woo=tev| 3 | ssc | -100 | - | ma 
3 Sato Leakage vop=eov|__1 | asc - | 100 | na 
ne 0 F000 Fn 
Ts a ee 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| GROUP A LIMITS ie 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX /UNITS 
Quiescent Leakage =| BIAS LKG | VDD = 20V, VIN = VDD or GND a ee ee 
Phase Comparator PIN 14 Open 55°C 
(Bias Amp Leakage) Pin 5 = VDD 


VDD =20V, VN=voDarGnD [4 [ wero] - | 160 | ua 


PIN 14 = VSS or VDD 55°C 
Pin 5 = VDD 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VOD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


313 
>| > 


S 


5 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER SYMBOL| CONDITIONS (NOTE 1) {SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
AC Coupled Signal Input VS VDD = 5V, Input Frequency = +25°C mV 
100kHz Sine Wave 
(Peak to Peak) 
NOTES: 


Voltage Sensitivity 
1. Go/No Go test with limits applied to inputs. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER —_| SYMBOL | nie NOTES’ | TEMPERATURE] MIN | MAX | UNITS 
Output Voltage VOL {VDD =5V, NoLoad 1,2 | 425°C, +125°C, mV 
| -55°C 
Output Voltage VOL |VDD = 10V, No Load +25°C, +125°C, mV 
-55°C 
Output Voltage VOH_ {VDD =5V, No Load +25°C, +125°C, | 4.95 
-55°C 
Output Voltage VDD = 10V, No Load 
18) 


: +25°C, +125°C, 
-55°C 
Output Current (Sink) 1OL5 | VDD =5V, VOUT = 0.4V +125°C 
Output Current (Sink) IOL10 | VDD =10V, VOUT =0.5V 
Output Current (Sink) IOL15 | VDD =15V, VOUT = 1.5V 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


-55°C 
Output Current VDD = 5V, VOUT = 4.6V 
(Source) 
Output Current IOH5B +} VDD = 5V, VOUT = 2.5V 
(Source) 


Ne) 


_| Output Current VDD = 10V, VOUT = 9.5V +125°C 
(Source) iad -55°C 
Output Current VDD =15V, VOUT = 13.5V +125°C 
Input Voltage Low +25°C, +125°C, 
-55°C 
Input Voltage High #25°C, +125°C, | 47 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


== —_——— es —- : = imine — 
PARAMETER — | SYMBOL CONDITIONS ' NOTES |TEMPERATURE| MIN | MAX | UNITS 


Quiescent Leakage |{BIASLKG|VDD=5 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


Phase Comparator VIN = 
VDD = 10 A 
VIN = 
AC Coupled Signal In- VDD = 10V, Input Frequency= 132°. +25°C mV 
put Voltage Sensitivity 100kHz Sine Wave . . 
(Peak to Peak) VDD = 15V, Input Frequency = 1,2 +25°C mV 
100kHz Sine Wave j 


| TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


~ PARAMETER | SYMBOL CONDITIONS NOTES TEMPERATURE 


Supply Current | DD | VDD = 20V, VIN = VDD or GND ee ee 


N Threshold Voltage VNTH_ | VDD = 10V, ISS = -10A 


N Threshold Voltage VDD = 10V, ISS = -10HA 
Delta 


P28 
[ase a [ee |v 


P Threshold Voltage AVTP |VSS=OV,IDD = 10pA 
Delta . . 


Functional e F | VDD = 18V, VIN = VDD or GND 425°C VOH > 
| VDD = 3V, VIN = VDD or GND | VDD/2 


AC Coupled Signal Input 
Voltage Sensitivity. 


Input Frequency = 100kHz 
Sine Wave 


NOTES: 1. All voltages referenced to device GND. 
2. Go/No Go test with limits applied to inputs. 
3. See Table 2 for +25°C limit. 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL | DELTA LIMIT 


Output Current (Sink) — 10L5 + 20% x Pre-Test Reading _ 
Output Current (Source) ~ 1OH5A + 20% x Pre-Test Reading | 
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TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Pre Bum-In) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-In) 100% 5004 IDD, 1OL5, IOHSA 


joo%s00 [a Deles PCS 
Pawo) | toomstos nr Dotes PC 
Fate __————«dtC—Ctoomsoos CeO Op CSCSC~C~S 
[emus ——~*’CSamp soos | a aareneooi0n | 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


. TEST READ AND RECORD 


CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD | PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Irradiation 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Design Information 


This information is a guide for approximating the values of external components for the CD4046BMS in a Phase-Locked- 
‘Loop system. The selected external components must be within the following ranges: 


5kQ < R1, R2, RS < 1MQ | C1 2 100pF at VDD 2 5V Ci 2 50pF at VDD 2 10V 


|. | . PHASE ie 
CHARACTERISTICS COMPARATOR USED | - DESIGN INFORMATION | 
VCO Frequency VCO Without Offset R2 = VCO With Offset 
. | | f 


.°] 


vDD/2 VDD 
VCO INPUT VOLTAGE 


VCO will adjust to center frequency, fo 


VCO will adjust to lowest operating frequency, fmin i 
2fL = full VCO frequency range 
2fL = fmax - fmin 


aaa (1), (2) 
2fC ~1 2rfL 


VDD/2 VOD 
VCO INPUT VOLTAGE 


For Number Signal Input 


Frequency Lock Range, 2fL 


Frequency Capture Range, 2fC 


Loop Filter Component Selection 


For 2 fC, see Ref. (2) 


fC =fL . = 


90° at center frequency (fo) approximating 0° and 180° at ends of lock 
range (2fL) 


Always 0° in lock 


Phase Angle Between Signal and 
Comparator 


Locks On Harmonic of Center 
Frequency 


For further information, see 


(1) F. Gardner, “Phase-Lock Techniques” John Wiley and Sons, New York 1966 
(2) G. S. Moschytz, “Miniaturized RC Filters Using Phase-Locked Loop”, BSTJ, May, 1965 
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Block Diagram 
. 
SIGNAL (14) (6) VoD 
IN 
*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
a Pty \ HETMORE. 
COMPARATOR PHASE COMP. 1! OUT VDD 


». 
: 
Vv 
i 


PHASE 
COMPARATOR fad 
W 


Sresudessntece (4) PHASE PULSES | 
C1 ) - *VCOIN Low 
(7) | PASS 
Rt : fi : FILTER 
si se D ze — DEMODULATOR ouT © 
| | | souRCcE 
vse 42) | FoLLower fF] 19+ 
* 6) Sas vss 
INHIBIT 
H 
vss (8) (15) ZENER vss 


FIGURE 3. CMOS PHASE-LOCKED LOOP BLOCK DIAGRAM 


Typical Performance Characteristics 


Ri = 10kQ AMBIENT TEMPERATURE (Ta) = +25°C 


. 


NN 
S| 


SUPPLY VOLTAGE (VDD) = 10V 
VCOIN = VDD/2, R = ~, INHIBIT = VSS 


CENTER FREQUENCY (fO) (Hz) 


105) «640% 810% 107 tot 64 10 
VCO TIMING CAPACITOR (Cl) (nF) 


TYPICAL CENTER FREQUENCY UNIT-TO-UNIT 
VARIATION 


CENTER FREQUENCY (fO) (Hz) 


VCO TIMING CAPACITOR (Cl) (uF) 


FIGURE 4. TYPICAL CENTER FREQUENCY AS A FUNCTION FIGURE5. CENTER FREQUENCY AS A FUNCTION OF C1 AND 
OF Ci AND R1 AT VDD = 5V, 10V, AND 15V Ri FOR AMBIENT TEMPERATURE OF -55°C to 
+125°C 
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Typical Performance Characteristics (Continued) 


R2 = 10kQ AMBIENT TEMPERATURE 1 ‘a) = +25°C 
VCOIN = VSS INHIBIT = VS 


SUPPLY VOLTAGE 


(VDD) = 15V R2=10k2 SUPPLY VOLTAGE (VDD) = 10V 
[. a 


VCOIN = VSS INHIBIT = VSS 


FREQUENCY OFFSET (fMIN) (Hz) 


102 10° 
VCO TIMING CAPACITOR (Cl) (uF) 


FREQUENCY OFFSET (fMIN) (Hz) 


TYPICAL fMIN UNIT-TO-UNIT VARIATION 


VDD (V) AfMINAMIN (%) 
a ee ee ee 


10° 104 10°3 102 10°! 1 10 
VCO TIMING CAPACITOR (Cl) (uF) 


FIGURE 6. TYPICAL FREQUENCY OFFSET AS A FUNCTION FIGURE 7. FREQUENCY OFFSET AS A FUNCTION OF C1 AND 
OF C1 AND R2 FOR VDD = SV, 10V, AND 15V R2 FOR AMBIENT TEMPERATURES OF -55°C to 
125°C 


AMBIENT TEMPERATURE (Ta) = +250C 


fMAX WHEN VCOIN = VDD INHIBIT = VSS 
fMIN WHEN VCOIN = VSS 


100 AMBIENT TEMPERATURE (Ta) = +25°C 


z VCOIN = VDD/2, R2 = 
: = INHIBIT= VSS CL =50pF 
ES 
= a 
10 z 
E 
e 
o 
” 
ra] 
x 
} ; 
a. 
° 
O 
> 
Rt (kQ) 
FIGURE 8. TYPICAL fMAX/fMIN AS A FUNCTION OF R2/R1 FIGURE 9. TYPICAL VCO POWER DISSIPATION AT CENTER 


FREQUENCY AS A FUNCTION OF R1 
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Typical Performance Characteristics (Continued) 


S AMBIENT TEMPERATURE (Tg) = +25°C > AMBIENT TEMPERATURE (Ta) = +25°C 
— VCOIN=VSS CL -= 50pF eS VCOIN = VDD/2, R1 = R2 = 
& 105 2 104 : 
= ‘SUPPLY VOLTAGE (VDD) = 15V ~ ase: | 
5 SS FS SUPPLY VOLTAGE (VDD) = 15V 
- >> e | a 
a 104 : x 10° = a 
7) 7) 
_" g 10° —S_ 
° 
102 1 
; ft 
. 2 46 8 2 46 8 2 46 8 L 
246 8 2 46 8 2 46 8 
10 10? 10° 104 10 10? 108 1 
R2 (kQ) Rs (kQ) 
FIGURE 10. TYPICAL VCO POWER DISSIPATION AT fMIN AS A FIGURE 11. TYPICAL SOURCE FOLLOWER POWER 
FUNCTION OF R2 DISSIPATION AS A FUNCTION OF RS 
a VDD 
S 4 | AMBIENT TEMPERATURE (Ta) = +25°C 
E g | VOD = 10V, VCOIN = 5V +1V, R2=0 
4 
uu SUPPLY VOLTAGE 2kQ F 
CG =? (VDD) = 15V 20kQ 
iz 104 13 a 
Oo z 
a 8 10 
5Zz 4 ra 
a0 uu 8 
z Z 2 : = 6 
I< 10? — OUTPUT CIRCUIT > § 
Su : | FA = 2 
.o) 
gs 3 
Ox 2 = 
Ul at J 3 
aa 102 6 
>~ 8 4 O 
5) : 2 |% LINEARITY = © 
g : AMBIENT TEMPERATURE (Ta) = +25°C ict = 40 Oo 
40 PHASE COMPARATOR Il rare eae ae Se a GE a 
246 8246 8 46 8 46 8 -1 3 
1 10 108 10° 104 ; wees ms Rt hen 0 is 
SIGNAL INPUT FREQUENCY (fIN) (kHz) | 
FIGURE 12. AC-COUPLED SIGNAL INPUT VOLTAGE AS A | FIGURE 13. TYPICAL VCO LINEARITY AS A FUNCTION OF Ri 
FUNCTION OF SIGNAL INPUT FREQUENCY AND C1 AT VDD = 10V 
3 | AMBIENT TEMPERATURE (Ta) = +25°C 
6 | VDD = 10V, VCOIN = 5V + 1V, R2= 00 
4 
2 
= 
=z 
8 10 
c= 8 
a 6 
: 4 
EF 2 
< 
ul 1 id= f(6V) + f(9V) 
3 a] 
6 
4 1000pF 
2] % LINEARITY = 0.01,F 
1071 0.1 pF 
2 4682 4682 4 68 2 468 
10° 1 10 107 10° 
R1 (kQ) 


FIGURE 14. TYPICAL VCO LINEARITY AS A FUNCTION 
OF R1 AND C1 AT VDD = 15V 
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_ SIGNAL INPUT (TERM 14) | 22 [| 22 | 
VCO OUTPUT (TERM 4) = : 
COMPARATOR INPUT (TERM 3) om eke er eee) a) eee ae 


PHASE COMPARATOR HL a sssscssecoes)QleseccescesecosesssccoresnccresDQeceaseens VDD 
OUTPUT (TERM 13) dt zz ical ae ee 
VCO INPUT (TERM 9) =- 7 . 

OUTPUT -VSS 


ny, -VDD 
PHASE PULSE (TERM 1) — | VSS 


NOTE: DASHED LINE IS AN OPEN 
CIRCUIT CONDITION 
(38RD STATE) 


FIGURE 15. TYPICAL WAVEFORMS FOR COS/MOS PHASE-LOCKED LOOP 
EMPLOYING PHASE COMPARATOR II IN LOCKED CONDICTION 


Chip Dimensions and Pad Layout 


« 


|. 4-10 
(0.102-0.254) 35-93 
2.159-2.362 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 


as indicated. Grid graduations are in mils (10 inch) - 
METALLIZATION: Thickness: 11kA —14kA, AL. 


PASSIVATION: 10.4kA- 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-896 


VoD 
PHASE 13 20KQ ann 
‘COMPARATOR Il - 
OUTPUT 
2KQ 
vss 


FIGURE 16. PHASE COMPARATOR Il 
OUTPUT LOADING CIRCUIT 


FARRIS 


SEMICONDUCTOR 


CD4047BMS 


CMOS Low-Power 
NMonostable/Astable Multivibrator 


uD 


December 1992 


Features 
° High Voltage Type (20V Rating) 


e Low Power Consumption: Special CMOS Oscillator 
Configuration 


Monostable (One-Shot) or Astable (Free-Running) 
Operation 


True and Complemented Buffered Outputs 

Only One External R and C Required 

Buffered Inputs 

100% Tested for Quiescent Current at 20V 
Standardized, Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 


No. 13B, “Standard Specifications for Description of 
‘B’ Serles CMOS Devices” 

Monostable Multivibrator Features 

¢ Positive or Negative Edge Trigger 


e Output Pulse Width Independent of Trigger Pulse 
Duration 


e Retriggerable Option for Pulse Width Expansion 
e Internal Power-On Reset Circuit 


¢ Long Pulse Widths Possible Using Small RC Compo- 
nents by Means of External Counter Provision 


e Fast Recovery Time Essentially Independent of Pulse 
Width 


Pulse-Width Accuracy Maintained at Duty Cycles 
Approaching 100% 


° 


Astable Multivibrator Features 

¢ Free-Running or Gatable Operating Modes 
e 50% Duty Cycle 

° Oscillator Output Available 


e Good Astable Frequency Stability: Frequency Deviation: 
- =+2% + 0.03%/°C at 100kKHz 
- = £0.5% + 0.015%/°C at 10kHz (Circuits “Trimmed” 
to Frequency VDD = 10V + 10% 
Applications 


Digital equipment where low power dissipation and/or high noise 
immunity are primary design requirements 


¢ Envelope Detection 
e Frequency Multiplication © Timing Circuits 
¢ Frequency Division ¢ Time Delay Applications 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Meets All Requirements of JEDEC Tentative Standard . 


e Frequency Discriminators - 


Description 


CD4047BMS consists of a gatable astable multivibrator with logic tech- 
niques incorporated to permit positive or negative edge triggered. 
monostable multivibrator action with retriggering and extemal counting 
options. 

Inputs indude +TRIGGER, -TRIGGER, ASTABLE, ASTABLE, 
RETRIGGER, and EXTERNAL RESET. Buffered outputs are Q, Q, and 
OSCILLATOR. In all modes of operation, an extemal capacitor must be 
connected between C-Timing and RC-Common terminals, and an 
extemal resistor must be connected between the R-Timing and RC- 
Common terminals. 


Astable operation is enabled by a high level on the ASTABLE input or a 
low level on the ASTABLE input, or both. The period of the square wave 
at the Q and Q Outputs in this mode of operation is a function of the 
extemal components employed. “True” input pulses on the ASTABLE 
input or “Complement” pulses on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The OSCILLATOR output period will 
be half of the Q terminal output in the astable mode. However, a 50% 
duty cycle is not guaranteed at this output. 


The CD4047BMS triggers in the monostable mode when a positive 
going edge occurs on the + TRIGGER input while the -TRIGGER is held ~ 
low. Input pulses may be of any duration relative to the output pulse. 


If retrigger capability is desired, the RETRIGGER input is pulsed. The 
retriggerable mode of operation is limited to positive going edge. The 
CD4047BMS will retrigger as long as the RETRIGGER input is high, 
with or without transitions (See Figure 31) 


An extemal countdown option can be implemented by coupling “Q” to 
an extemal “N’ counter and resetting the counter with trigger pulse. The 
counter output pulse is fed back to the ASTABLE input and has a dura- 
tion equal to N times the period of the multivibrator. 


A high level on the EXTERNAL RESET input assures no output pulse 
during an “ON” power condition. This input can also be activated to ter- 
minate the output pulse at any time. For monostable operation, when- 
ever VDD is applied, an internal power on reset circuit will clock the Q 
Output low within one output period (tM). 

The CD4047BMS is supplied in these 144ead outline packages: 

Braze Seal DIP H4Q 

Frit Seal DIP H1B 


Ceramic.Flatpack H3W 


Pinout 


CD4047BMS 
TOP VIEW 


R-C COMMON [ 3] 


ASTABLE | 4| HQ 
ASTABLE [ 5! HO} Q 
-TRIGGER | 6) 9 | EXT. RESET 


vss 8 | +TRIGGER 
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Specifications CD4047BMS 


Absolute Maximum Ratings _— Reliability Information 


DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ On 8 
. (Voltage Referenced to. VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C 20°C/W 
“Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........s.0+- 70°C/W 20°C/W 
- DC Input Current, Any One Input.............ccceecececes +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range............. ... -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H | | For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C a8 Linearity at 12mW/C to 200mW 
-Lead Temperature (During Soldering) ............... .. +265°C Device Dissipation per Output Transistor .............-. 100mW 
‘At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature .......... eee e wees NG Shee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: : LIMITS 
GROUP A 
CONDITIONS (NOTE 1) [SUBGROUPS] TEMPERATURE | MIN | MAX |UNITS 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


VDD = 26V, VIN = 13V or GND 


OL15 |VDD = 15V, No Load 


VOH15 |VDD = 15V, No Load (Note 3) 
1 


+25°C 


dy oe 
ry 
31% 
© 


le [3fs] s] 2{ 3] 5] 8) ef els)elsl=)=lels]=l=ls]= [sf 


+125°C 
-55°C 
+25°C 
+125°C 
+25°C 
+125°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55°C| 14.95 
+25°C 


‘) 


Output Current (Source) VDD = 5V, VOUT = 2.5V 
Q, Q, OSC Out 


Output Current (Source) VDD = 10V, VOUT = 9.5V 
Q, Q, OSC Out 


i 
oC) 
Q 
° 
Ni 
© 


Po 

ols 

99 

OSs 

os 

7) 

(o) 

Cc 

3 

& 

< 

{=) 

rw) 

ll 

cn 

< 
<i 

Oo 

Ce 

a | 

| 

> 

[o>] 

< 

DS 

G 


RD 
be 
Q 
© 
N 
oe) 


S 
N 


BE 


VNTH [VDD = 10V, ISS = -10pA 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


’ = 7 
VOD = 20V, VIN = VOD or GND ca iia 
VDD = 18V, VIN = VDD or GND BA +125°C 
8B 


Functional 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 

, 

Rae 


+2 . 
VDD =2.8V,VIN=VDDorGND | 7 | 425° |VOH>|VvoL< 


input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55°C 
(Note 2) 

Input Voltage Low VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 


Input Voltage High VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 
NOTES: 


1. All voltages referenced to device GND, 100% testing being implemented 
2. Go/No Go test with limits applied to inputs. 
3. For accuracy, voltage is measured differentially to VDD. Limit is 0.050V max.. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTES 1, 2) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Propagation Delay TPLH1 |VDD=5V,VIN=VDDorGND | 9 | 425°C | 
Astable, Astable to OSC 10, 11 +125°C -55°C 


LIMITS 


Propagation Delay TPHL3 | VDD = SV, VIN = VDD or GND 
Trigger to Q, Q TPLH3 


+125°C, -55°C 
Propagation Delay TPLH2 {| VDD = 5V, VIN = VDD or GND 
(Note 2) _| TPLH2 
Astable or Astable to Q, Q 


TPHL4 {VDD = 5V, VIN = VDD or GND 
TPLH4 
(Note 2) 


TPLHS | VDD =5V, VIN = VDD or GND 
_ TPLH5 RD 
ie als 10, 11 +125°C, -55°C 
Transition Time TTHL | VDD =5V, VIN = VDD or GND re a ee 
Tn 10, 11 +125°C, -55°C 


NOTES: 
1. VDD = 5V, CL = 50pF, AL = 200K; input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


+125°C, -55°C 


ee ee 


70 


oO 


Propagation Delay 
(Note 2) 4 
Retrigger to Q, Q 


Propagation Delay 


+125°C, -55°C 


67 


io) 
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' TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


: LIMITS 
_{symBoL{| = — CONDITIONS” NOTES |TEMPERATURE| MIN | MAX | UNITS 
IDD- 


| VDD = 5V, VIN = VDD or GND 55°C, 425°C | - | 1 | pA 
a re | 4125°C | 


» -55°C, +25°C 
+125°C 
-55°C, +25°C 
—4125°C 
+25°C, +125°C, 
— +55°C. 


1,2 +25°C, +125°C, 
--55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 
- +125°C . 
55°C 
+125°C 
-55°C 
| +125°C 
55°C 
125°C 
-55°C 
+125°C © 
-55°C 
+125°C 
-55°C 
+125°C 
+25°C, +125°C, 
55°C 
+25°C, +125°C, 


PARAMETER > 
Supply Current 


WODs5v.Nelead 
4 
Von , »N 
| 


120 


VDD = 10V, No Load ~ 


4.95 


ee ee 
VDD = 5V, VOUT=0.4V 

VDD = 10V, VOUT-= 0.5V 
VDD F 5V, your =1 av 
aaa Current (Source) | ar = BV, VOUT = 2.5V : 
Guat Current oa | VDD = sav. Tl: = aBV 
00 =15V, your = ay 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 1,2 
Input Voltage High | VDD = 10V, VOH > 9V, VOL <1V 


0.36. 
0.64. . 


> 


1,2 
a? 450 


A 


3 


1.6 
2.4 
4.2 


= 
> 


iS 
3 
> 


Output Current (Sink) 
| : a 
0.36 | mA 
-0.64 mA 
~-1.15°) mA 


= 


lel Lal PPE 


3 
> 


Output Current (Source) 


3 
> 


mA 
| 2.4 mA 
mA 


bh a 
he) ron) 


cn 

Oo 

{) 
: 


| 
” 


—_ 
No . 


+7 


+25°C 
+25°C 


Propagation Delay — TPLH1 | VDD = 10V = ~ 12,3 © 
Astable, Astable toOSC | VDD =15V 1,2,3 


60 


Propagation Delay _| TPLH2 | VDD =10V Te, 425°C 350 

Astable or Astable toQ,Q| TPHL2 1,2,3 425°C 950 

Trigger to Q, Q TPLH3 1,2,3 425°C 300 
+25°C 300 


Propagation Delay TPHL4 
TPLH5 | VDD = 10V 

_ {Reset to Q,Q TPLH5 1,2,3 
Transition Time TTHL 1,2,3 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


200 


140 


7-900 


Specifications CD4047BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
LIMITS 


=—h 


50% Duty Factor 


VDD =10V | 
VDD = 15V 
Minimum Pulse Width . VDD = 5V | | 


Q or Q Deviation from or VDD = 5V + 


. ab 


7 
oO 
i) 


+ Trigger 
- Trigger 


VOD = 10V 
VDD = 15V 
Minimum Pulse Width _ VDD =5V 


No | os 
(on ©) 
oO}; oO 


Minimum Retrigger Pulse TW 
ae 
Input Capacitance CIN 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. ; 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


V 
V 


LOGIC 


| TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
PARAMETER —_| SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA re ee 
N Threshold Voltage AVTN | VDD =10V, ISS =-10A 425°C 
Delta 
P Threshold Voltage | VTP |VSS=OV,IDD = 10pA 
Functional VDD = 18V, VIN = VDD or GND 425°C VOH> | VOL< 
VDD = 3V, VIN = VDD or GND YORE | See 
Propagation Delay Time TPHL |VDD =5V 1,2,3,4 +25°C , 
TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


VDD = 20V, VIN = VDD or GND 1,4 
" ° 
P Threshold Voltage ‘| AVTP) {VSS =OV,IDD = 10pA 1,4 +25°C +1 
Delta 
F 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supply Curent-S-1 | _ 100 [soma 
+ 20% x Pre-Test Reading 


7-901 


Specifications CD4047BMS 


. TABLE 6. APPLICABLE SUBGROUPS | ! 


re en 
CONFORMANCE GROUP METHOD. GROUP A SUBGROUPS READ AND RECORD 
100% 5004 


[roan ‘| too sooe | 79D CYSSSCSCSCSC~S 
Fnatet ————~—«dtCtoome soe Ce PSSSCSCSC~S 
[emus | Sampiesoos | 1.2.0,7,0000,0100 [SS 
ee oe on O_O 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD © POST-IRRAD | PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


: 
Note 1 | 

Note 1 

oe ER Mice Bill Reka Bae 
In Note 1 

Note 2 . 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


TABLE 7. TOTAL DOSE IRRADIATION 
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TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 


In all cases External resistor between terminals 2 and 3 (Note 1) 
External capacitor between terminals 1 and 3 (Note 1) 


TERMINAL CONNECTIONS OUTPUT PULSE | OUTPUT PERIOD OR PULSE 
FUNCTION TO VDD TO VSS INPUT TO FROM WIDTH 


ASTABLE MULTIVIBRATOR 
Fomplement Gating [6,14 | 5,7,8,9,12 
MONOSTABLE MULTIVIBRATOR 


NOTES: 
1. See text. 
2. First positive '/. cycle pulse width = 2.48 RC. See note follow Monostable Mode Design Information. 
3. Input Pulse to Reset of External Counting Chip External Counting Chip Output to Terminal 4. 


Logic Diagrams 


C-TIMING (3) (1) (2) RA-TIMING 


ge Beeeaereseveereaesveoseae SBBWBweweweeaeBQesveeseevewuay 


H \ 
' RC OSCILLATOR OUT \ 

couuon | lies, 1> 039 
ASTABLE } Q! 

(Ss) >] ASTABLE LOW POWER FREQUENCY Pal 

be - 

ASTABLE ! Seo DIVIDER (+2) Qt 

O = Se 
TRIGGER 
te: N 
t | MONOSTABLE 
(s)—ZTRIGGER |_| CONTROL 
, 
Gp)-RETRIGGER RETRIGGER 
‘ 
EXTERNAL ! pc ote 
6) RESET : 3 


FIGURE 1. CD4047BMS LOGIC BLOCK DIAGRAM 
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Logic Diagrams (Continued) 

ASTABLE Se-d RETRIGGER (12) i juste —ercG) @)rre 
EEG HD , yg 

+TRIGGER (8 }—-| >o— 
-TRIGGER (6) p-> 


® 
EXTERNAL 
RESET (9) Pam P, 


-VDD 
** SPECIAL 
INPUTS PROTECTED Sra CAUTION: Terminal 3 is more sensitive ean 
BY CMOS . to static electrical discharge. Extra NECWORIC 
PROTECTION handling precautions are recommended. 
NETWORK | | 
| vss 


* 


VSS 


FIGURE 2. CD4047BMS LOGIC DIAGRAM 


FF2, FF4 


(b) 
FIGURE 3. DETAIL LOGIC DIAGRAM FOR FLIP-FLOPS FF1 AND FF3 (a) AND FOR FLIP-FLOPS FF2 AND FF4 (b) 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = 425°C a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT 


AMBIENT TEMPERATURE (Ta) = +25°C Eo. 


-TO-SOURCE VOLTAGE (VGS) = 15V 


: 


OUTPUT LOW (SINK) CURRENT (FOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS CHARACTERISTICS . 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 $ ) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V F 


FIGURE 6. TYP. OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PLY VOLTAGE (VDD) = 5V 


o 
o 
o 


200 


_ 
i=] 
o 


PROPAGATION DELAY TIME (tpi. tpi) (ns) 


AMBIENT TEMPERATURE (Ta) = +25°C 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V > 


_ OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT . 


CHARACTERISTICS 


PROPAGATION DELAY TIME (tex, tp_y) (ns) 


60 80 100 


0 20 40 
LOAD CAPACITANCE (CL) (pF) 


LOGIC 


FIGURE 8. TYP. PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE (ASTABLE, ASTABLE TO Q, Q) 


FIGURE 9. TYP. PROPAGATION DELAY TIME AS A FUNCTION 
OF LOAD CAPACITANCE (+ OR - TRIGGER TO Q, Q) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = ase] | 


z 
& SUPPLY VOLTAGE (VDD) = 5V 9 S 
2 g 
FE * 
5 ° 
= oi 
” a. 
=z 
< 
o 
- 
% 20 40. 60. 80 100 0 2 4 6 8 10 12 4 16 18 20 
: _ LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE (VDD) (V) | 
FIGURE 10. TYP. TRANSITION TIME AS AFUNCTIONOFLOAD _ FIGURE 11. TYP. ASTABLE OSCILLATOR OR Q, G PERIOD 
CAPACITANCE ACCURACY vs SUPPLY VOLTAGE 


z z 
ea > 
5 5 
<< ec. 
oc 5 
= 0 
o 8 
: ae 
ren Qa 1 
Oo 
5 a 
e TT] 
2 
WL 
0 2 4 6 8 10 12 14 16 18 20 | 0 2 4 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (VDD) (V) . SUPPLY VOLTAGE (VDD) (V) 
FIGURE 12. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD FIGURE 13. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 
ACCURACY vs SUPPLY VOLTAGE ACCURACY vs SUPPLY VOLTAGE 
% g 
< ra 
o 5 
= rz) 
o Oo 
° < 
< 
a o 
fe) 9° 
er i 
a. a 
-55 -15 25 65 105 145 -55 “15 25 65 105 145 
AMBIENT TEMPERATURE (Ta) (°C) AMBIENT TEMPERATURE (Ta) (°C) 
FIGURE 14. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD FIGURE 15. TYP. ASTABLE OSCILLATOR OR Q, Q PERIOD 
ACCURACY vs AMBIENT TEMPERATURE (ULTRA ACCURACY vs AMBIENT TEMPERATURE (LOW 
LOW FREQ.) FREQ.) 
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Typical Performance Characteristics (Continued) 


2 
CX = 0.01pF 
RX = 100k 


SUPPLY VOLTAGE (VDD) = 5V, 10V 


wt 


PERIOD ACCURACY (%) 


PERIOD ACCURACY (%) 
°o 


-$5 “15 25 65 105 145 $5 35 -15 +5 25 45 65 88S 105 #4125 145 
AMBIENT TEMPERATURE (Ta) (°C) AMBIENT TEMPERATURE (Ta) (°C) 
FIGURE 16. TYP. ASTABLE OSCILLATOR OR Q, GQ PERIOD FIGURE 17. TYP. ASTABLE OSCILLATOR OR Q, OG PERIOD 
ACCURACY vs AMBIENT TEMPERATURE (MEDIUM ACCURACY vs AMBIENT TEMPERATURE (HIGH 
FREQ.) FREQ.) 


AMBIENT TEMPERATURE (Ta) = +25°C 
CX = 1yF 


RX = 10kQ 
SUPPLY VOLTAGE (VDD) = 5V 


PERIOD ACCURACY (%) 


OUTPUT PULSE-WIDTH VARIATION (%) 
°o 


ms 4 
© 
6 o 
Oo 
CX = 100pF 8 onl 
55 “15 2s 65 105 145 0 5 10 15 20 2s 
AMBIENT TEMPERATURE (Ta) (°C) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 18. TYPICAL ASTABLE OSCILLATOR OR Q, QPERIOD FIGURE 19. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 
ACCURACY vs AMBIENT TEMPERATURE SUPPLY VOLTAGE 
8 AMBIENT TEMPERATURE (Ta) = +25°C = AMBIENT TEMPERATURE (Ta) = +25°C 
RS ¢ | CX=0.1pF z 
z G 
2 FE 
a. < 
& < 
S 2 > 
: | roi sora anosoua} = & 
= at 
wo -2 g 
= =) 
a. a. 
- -4 5 
=~ a. 
= = 
7 3 
8 
0 5 10 15 20 25 
SUPPLY VOLTAGE (VDD) (V) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 20. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs FIGURE 21. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 
SUPPLY VOLTAGE SUPPLY VOLTAGE 
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Typical Performance Characteristics (Continued) — 


OUTPUT PULSE-WIDTH VARIATION (%) 


35 -15 


CD4047BMS 


§ 25 45 65 85 105 125 
AMBIENT TEMPERATURE (Ta) (°C). 


145 


FIGURE 22. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


‘OUTPUT PULSE-WIDTH VARIATION (%) 


FIGURE 26. TYPICAL POWER DISSIPATION vs OUTPUT 
- FREQUENCY (VDD = SV) A 


POWER DISSIPATION (PD) (uW) 


AMBIENT TEMPERATURE © 


CX = 1000pF 
SUPPLY VOLTAGE (VDD) = 5V OR 10V 


“A555 
AMBIENT TEMPERATURE (Ta) (°C) 


FIGURE 24. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


45 65 85 105 125 


“AMBIENT TEMPERATURE 


ASTABLE MODE 
SUPPLY VOLTAGE (VDD) = sv 


10? 


10° 
a@ OR Q FREQUENCY (F) (Hz) 


104 


See Trt 


145 


_ QUTPUT PULSE-WIDTH VARIATION (%) 


OUTPUT PULSE-WIDTH VARIATION (%) 


. RX = 100k - a 
SUPPLY VOLTAGE (VDD) = 10V OR 15V — 


10 | 


amt 
42 SEEEEE 


“50-35-15 5 25 45 65 85 105125145 
AMBIENT TEMPERATURE (Ta) (°C) 

FIGURE 23. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 

; AMBIENT TEMPERATURE — s 


35 -15 5 2 45 65 85 105 125 145 
AMBIENT TEMPERATURE (Ta) (°C) 


FIGURE 25. TYPICAL OUTPUT PULSE WIDTH VARIATIONS vs 


POWER DISSIPATION (PD) (uW) __ 


10° 


AMBIENT TEMPERATURE 


. ASTABLE MODE. 
‘SUPPLY VOLTAGE (VDD) m 10 


Q OR GQ FREQUENCY (F) (Hz) 


FIGURE 27. TYPICAL POWER DISSIPATION vs OUTPUT 
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Typical Performance Characteristics (Continued) 


POWER DISSIPATION (PD) (uW) 


10° =—s_ 0? 
Q OR G FREQUENCY (F) (Hz) 


10° 104 


FIGURE 28. TYPICAL POWER DISSIPATION vs OUTPUT FREQUENCY (VDD = 15V) 


Astable Mode Design Information 
Unit-to-Unit Transfer Voltage Variations 


The following analysis presents variations from unit to unit as 
a function of transfer voltage (VTR) shift (83%-67% VDD) for 
free running (astable) operation. 


t1 | t2 | tl | t2 
TERMINAL 13 


| ta/2 | tal2 | 
TERMINAL 10 
/_-—u— 


FIGURE 29. ASTABLE MODE WAVEFORMS 


VTR 
ERIN VDD + VTA 
- typically, tf = 1.1RC 
VDD-VTR 
=-RC In SVDD- VIR : 
typically, t2 = 1.4RC 
ta = 2(t1 + t2) 
: (VTR)(VDD - VTR 
= 2RC In (0D + VTR)(2VDD - VTA) 
Typ: VTR=0.5VDD ta = 4.40RC 
Min: VTR =0.33VDD t, = 4.62RC 
Max: VTR =0.67VDD ta = 4.62RC 


thus if [ta = 4.40RC} is used, the variation will be +5%, -0% 


due to variations in transfer voltage. 
Variations Due to VDD and Temperature Changes 


In addition to variations from unit to unit, the astable period 
varies with VDD and temperature, Typical variations are pre- 
sented in graphical form in Figures 11 to 18 with 10V as ref- 
erence for voltage variations curves and +25°C as reference 
for temperature variations curves. 


Monostable Mode Design Information 


The following analysis presents variations from unit to unit as a 
function of transfer voltage (VTR) shift (88% - 67% VDD) for 
one shot (monostable) operation. 


TERMINAL 8 = | eee | ae 


TERMINAL 13 ag Bi WL 
TERMINAL 10 iM iM 
S| 
FIGURE 30. MONOSTABLE WAVEFORMS 9 
hs 
f VTR : 
t1° = -RC In VDD : 


typically, ti’ = 1.38RC 


IM=(ti'+t2) 
VTR)(VDD - VTR 
IM = -RC In — VDD - VIR)(2VDD) 
where tM = Monostable mode pulse width. 
Values for tM are as follows: 


Typ: VTR=0.5VDD tM = 2.48RC 
Min: VTR=0.33VDD tM = 2.71RC 
Max: VTR =0.67VDD tM = 2.48RC 


thus if [tM=2.48RCI is used, the variation will be +9.3%, 
-0% due to variations in transfer voltage. 


NOTES: 


1. In the astable mode, the first positive half cycle has a duration of 
tM; succeeding durations are t,/s. 


2. In addition to variations from unit to unit, the monostable pulse 
width varies with VDD and temperature. These variations are 
presented in graphical form in Figures 19 to 26 with 10V as ref- 
erence for voltage variation curves and +25°C as reference for 
temperature variation curves. 
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Retrigger Mode Operation 


The CD4047BMS can be used in the retrigger mode to extend 
the output pulse duration, or to compare the frequency of an 
input signal with that of the internal oscillator. In the retrigger 
mode the input pulse is applied to terminal 12, and the output is 
taken from terminal 10 or 11. As shown in Figure 31 normal 
monostable action is obtained when one retrigger pulse is 
applied. Extended pulse duration is obtained when more than 
one pulse is applied. 


For two input pulses, tRE = t1” + t1 + 2t2. For more than two 
pulses, the output pulse width is an integral number of time peri- 
ods, with the first time period being t1° + t2, typically, 2.48RC, and 
all subsequent time periods being t1 + t2, typically, 2.2RC. 


External Counter Option 

Time tM can be extended by any amount with the use of external 
counting circuitry. Advantages include digitally controlled pulse 
duration, small timing capacitors for long time periods, and 
extremely fast recovery time. A typical implementation is shown 
in Figure 32. The pulse duration at the output is 


text = (N- 1) (ta) + (tM + ty/2) 


where text = pulse duration of the circuitry, and N is the number 
of counts used. 


AST OPTIONAL 
ee BUFFER 
CD4047BMS 
rs CD4017BMS oun 
R 12 


11 
INPUT JL 
PULSE 


a E 


FIGURE 32. IMPLEMENTATION OF EXTERNAL COUNTER OPTION 


Timing Component Limitations 

The capacitor used in the circuit should be non polarized and 
have low leakage (i.e. the parallel resistance of the capacitor 
should be at least an order of magnitude greater than the exter- 
nal resistor used). There is no upper or lower limit for either R or 
C value to maintain oscillation. 


+TRIGGER & 


RETRIGGER 
femanacs JL un 


However, in consideration of accuracy, C must be much larger 
than the inherent stray capacitance in the system (unless this 
capacitance can be measured and taken into account). R must 
be much larger than the CMOS “ON” resistance in series with 
it, which typically is hundreds of Q In addition, with very large 
values of R, some short term instability with respect to time may 
be noted. | 


The recommended values for these components to maintain 
agreement with previously calculated formulas without trimming 
should be: 


C 2 100pF, up to any practical value, for astable modes; 
C 2 1000pF, up to any practical value for monostable modes. 
10kQsRs1MQ 


Power Consumption 


In the standby mode (Monostabie or Astable), power dissipa- 
tion will be a function of leakage current in the circuit, as shown 
in the static electrical characteristics. For dynamic operation, 
the power needed to charge the external timing caper! Ci is 
given by the following formula: 


Astable Mode: 
P =2CV%f. (Output at terminal No. 13) 
P = 4CV7#. (Output at terminal Nos. 10 and 11) 
Monostable Mode: 


P= (2.9CV?) (Duty Cycle) 


= 
(Output at terminal Nos. 10 to 11) 


The circuit is designed so that most of the total power is con- 
sumed in the external components. In practice, the lower the 
values of frequency and voltage used, the closer the actual 
power dissipation will be to the calculated value. 


Because the power dissipation does not depend on R, a 
design for minimum power dissipation would be a small value 
of C. The value of R would depend on the desired period 
(within the limitations discussed above). See Figures 26, 27, 
and 28 for typical power consumption in astable mode. 


| 


sees cut 

TERMINAL 13 _|« ‘Let _Ju ac Lel _Ju Le] " ‘LJ als Le] Si ef ‘Lel« Lel 
Q OUTPUT = 

TERMINAL 10 Swe Ll _| E _I es 


FIGURE 31. RETRIGGER MODE WAVEFORMS 
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Chip Dimensions and Pad Layout 


os Le 4-10 : 
| (0.102-0.254) | 
(2.03925 335) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


2 
© 
ve) 
= 
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A fourth control input, Kd, provides the user with a 3-state output. 
When control input Kd is high, the output is either a logic 1 ora 
logic 0 depending on the inner states. When control input Kd is 
low, the output is an open circuit. This feature enables the user to 
connect this device to a common bus line. 


In addition to the eight input lines, an EXPAND input is provided 
that permits the user to increase the number of inputs into a 
CD4048BMS (see Figure 2). For example, two CD4048BMS's 
can be cascaded to provided a 16-input multifunction gate. When 
the EXPAND input is not used, it should be connected to VSS. 


The CD4048BMS is supplied in these 16 lead outline packages: 
Braze Seal DIP H4S 
Frit Seal DIP H1E 
Ceramic Flatpack H6W 


CMOS Multifunction 
ee rr Expandable 8 Input Gate 

Features Pinout 
e High-Voltage Type (20V Rating) CD4048BMS 
e Three State Output 1 nee 
e Many Logic Functions Available in One Package | sicumun a el YOU 
e Standardize, Symmetrical Output Characteristics xa [a] ne] EXPAND 
¢ 100% Tested for Quiescent Current at 20V u [a] na] A 
¢ Maximum Input Current of 1A at 18V Over Full Pack- 

age Temperature Range; 100nA at 18V and +25°C INPUTS INPUTS 
¢ Noise Margin (Over Full Package Temperature Range): oie ae 

- 1Vat VDD =5V Kb hol Ka 

- 2Vat VDD = 10V 

vss K 

- 2.5V at VDD = 15V 2 ans 
e 5V, 10V and 15V Parametric Ratings 
e Meets All Requirements of JEDEC Tentative Standard 

No. 13B, “Standard Specifications for Description of : 5 

‘BY Serles CMOS Devices” Functional Diagram 
Applications BINARY CONTROL INPUTS 

ey, 

e Selection of Up to 8 Logic Functions FUNCTION CONTROL 
e Digital Control of Logic | ‘Ka Kb Ke. Kd _/ CONTROL 
¢ General Purpose Gating Logic 

- Decoding A 

- Encoding ‘INPUTS ZA 
Description = 
CD4048BMS is an 8-input gate having four control inputs. Three one a 
binary control inputs - Ka, Kb, and Kc - provide the implementa- E 
tion. of eight different logic functions. These functions are OR, INPUTS F 
NOR, AND, NAND, OR/AND, OR/NAND, AND/OR and AND/ G 


H VSS =8 


VDD = 16 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


File Number 3314 
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Specifications CD4048BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V Thermal Resistance ..............5. Bia Oi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C. 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............ee0. 70°C 20°C/W 

DC Input Current, Any One Input............... 2. cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............6. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ...............66. +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ........ ccc cece eee e ences +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Supply Current VDD=20V,VIN=VDDorGND | 1 #2-| +4250 | - | 05 | pA. 
4 es se 
VDD=18V,VIN=VDDorGND_ | = =3 | sec | =  s | pA 
InputLeakage Current | iL |[VIN=VDDorGND |voD=20 | 1 |  +25°° ~~ | -100{ - | na | 
i ee eee tent eae 
[woostev[ 3 | ss | 10 | - | ma 
Input Leakage Current | IH [|VIN=VDDorGND |vpbD=20 | 1 |  +25°C | - | 100 | nA | 
4 es 
woo=tev[ 3 | 60 | - | 100 | na 
Output Voltage | VOLIS |VDD=15V,Noload | 1,23 +25°C, +125°C, 55°C] - | 50 | mV _ 
Output Voltage | VOH1S |VDD=15V,NoLoad(Note3) —|_—1,2,3 —_|+25°C, +125°C, -55°C] 14.95] - | Vv 
Output Current (Sink) | 1OL5-"|vDD=Sv,vouT=04v_ | tT 25°C 058 | 
lOL10 |[VDD=10v,vouT=o5v | tT tC 14 
Output Current (Sink) | 10L15 |vDD=15v,vouT=1.5V | tT tC 8S 
IOHSA_|VDD=5v,vouT=46v_ | tT PCT; 0.53 | mA | 
Output Current (Source)| IOHSB_|VDD=5v,vouT=25V_ | tT PCT 
(oH10 [vOD= tov, vouT=sev—+| 1 ——~+ Sati 
[OutputCurent Source)] OntS [vOD=tev,vouT=135v | 1 —~«Y Sst 
VNTH [VDD = 10V, ISS = -10HA a ee ee 
|PThreshold Voltage | VPTH |VSS=OV,IDD=10A | tT 257 
Functional VOH> v 
wee 
| VDD =18V,VIN=VDDorGND_ | 8A] 125°C 
i cl ire Mi ai al 
(Note 2) 
(Note 2) 
VIL [VDD = 15V, VOH > 13.5V, ; ee +25°C, +125°C, -55°C Ee | 
(Note 2) VOL < 1.5V 
VOL < 1.5V 
VIN=VDDorGND [vDD=2ov{_ ot | 25°C | 0.4 
VOUT = Ov ee 
vop=18v} 38 SCC 04 
VIN=VoD rend |voD=eov| 1 | we 
peace a ee ee ee 
ee ee ee 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 7 | | es ABCURA LIMITS 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL. |VDD=5V,VIN=VDDorGND | 9 | #258%c | - | 


P| were 
| 600_| ns 
| 810 | ns 
| 200 | ns _| 
| 270 | ns | 


Transition Time |. TTHL | VDD =5V, VIN = VDD or GND ire ie +25°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS © 


SYMBOL CONDITIONS ~ NOTES 
Output Voltage 


LIMITS 


-55°C 


-55°C 


=) 
1°72) 
BAS 


-55°C 


+ 
ote 
NM 
on 
° 
QO 


VDD = 5V, VIN = VDD or GND 
+125°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 
Output Voltage ; 
Output Current (Sink) 1OL5 | VDD = 5V, VOUT = 0.4V 
Output Current (Sink) 1OL10 {VDD = 10V, VOUT =0.5V 1,2 
Output Current (Source) IOH5A. | VDD = 5V, VOUT = 4.6V 
Output Current (Source) IOH5B: | VDD = SV, VOUT = 2.5V 


+ 
oh, 
rw) 
a 
°o 
Q 


Pa 
21S 
Old 


-55°C 


VDD = 15V, VIN = VDD or GND 55°C, 425°C | - | 05 | 
ed 
VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 
Output Current (Sink) IOL15. | VDD = 15V, VOUT = 1.5V 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 1,2 


Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 
: 1V_ aot 


425°C, +125°C, 
55°C 


+25°C, +125°C, 
-55°C 


425°C 
+25°C 


VIL 
Input Voltage High VIH_ | VDD = 10V, VOH > 9V, VOL < 
1V- 


Propagation Delay _ TPHL1 }VDD=10V 
Ka to Output TPLH1 VDD=15V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL i | TEMPERATURE 


Propagation Delay TPHL2. | VDD = 5V 
Inputs to Output TPLH2 VDD = 10V 
TPHL3 {VDD =5V | 
TPLH3 [yop = 10V 

5V 

5V 


LIMITS 


NOTES UNITS 


24 


(o) 


Propagation Delay 


Kb to Output 170 


11 


io) 


Propagation Delay 
Ke to Output 


VDD = 15V 
TPLH4 [pp = 10v 


fo-w 
Transition Time TTLH 


Input Capacitance Any Input 


3 State Output (ere) 1,2 +25°C 
Capacitance 
1. All voltages referenced to device GND. 


NOTES: 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


Propagation Delay 
Expand Input to Output 


Propagation Delay 
3 State 
Kd to Output 


70 


7 


ne) 


Bo) 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE UNITS 


MIN, | MAX 

[SuppiyCurent | 10D _|VOD=20v, N= voDereno] 1.4 | zero | - | 25 | nA 
WATH [vOD=10v,1SS=ma_ | 4.4 | esto | 28 | 02 | v_ 
prTeshovotage | vir |vaszov,0p-ioa | 4a | wae | o2 | 26 | v_ 
Delta 
Functional +25°C VOH> | VOL < V 

TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[—Paraweven | svwso. | _oetraumir 
Sure Curent-ssr_ | 00 froma —SSC—~™ 
[ouput Gurent Sik) | 1015 | =20% x Pr-Test Reading 
[Ouput Curent Source) | 10H5A [20% x Pro-TestReacing 


. TABLE 6. APPLICABLE SUBGROUPS 


i ah _MIL-STD-883 : 
CONFORMANCE GROUP | METHOD GROUP A SUBGROUPS. READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A, RONDEL10 
Interim Test 1 (Post Burn-in) ~ 100% 5004 IDD, IOL5, IOHSA, RONDEL10 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, |OH5A, RONDEL10 


ec 
100% 5004 
[emo | Sampiesoos | 1aaenane  [Samomen2a 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


; TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 . TEST | READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS : | 


OSCILLATOR 
9V +-0.5V 


FUNCTION 


Static Burn-in 1 
Note 1 


Static Burn-In 2 
Note 1 


In Note 1 


Irradiation — 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%; VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, — 
VDD = 10V + 0.5V 
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Logic Diagrams 


NOR OR NAND AND 

A A- 
c c 
E E 
a-E ire 
EXP eee: EXP ees. 

OR/AND 
A A A A 
B B B B 
Cc Cc c c 
D D D D 
E E E E 
F F F F 
G G G G 
H H H H 


EXP — EXP EXP EXP 


FIGURE 1. BASIC LOGIC CONFIGURATIONS 


Ka Ka Kb Kb Ke Ke Kd Kd 
VDD 


Kd [> 4 


Poa, 
VSS 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


FIGURE 2. LOGIC DIAGRAM 
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Logic Diagrams (Continued) 


CD4048BMS 


NAND 


AND ~ AND/OR 
1-0-0 1-1-1 
AND/NOR OR/NAND OR/AND 
= 1-1-0 | 0-1-1 0-1-0 
_ FIGURE 3. ACTUAL CIRCUIT LOGIC CONFIGURATIONS 
Applications of Expand Input 
OR FUNCTION 
J (OUTPUT) [1] xt VDD (OUTPUT) VDD 
Noe XS OUTPUT 
x4 1. 16 4 16 
scpso2a VOD Kd fo id—>vss von «Kf ng EXP 
| H1 [3 14] At H2 [3. 14] A2 
Gi (4! 13 B1 G2 | 4 13 B2 
VDD Fi [5] 1g C1 F2 [5 14 c2 
E1 [6| 14} D1 E26) 41) D2 
Kb tT Ka Kb 7] TT Ka 
vss rs 
a eS yop 8 | rape vss 
12 - INPUT OR/AND GATE vss vss 


J = (A+B+C+D) + (E+F+G+H) + (X14X24+X34+X4) 


FIGURE 4. 12 INPUT OR/AND GATE 


16 - INPUT NOR GATE 
J= Al +B1 +C1 +D1 +E1 +F1 +G1 +H1 +A2 +B2 +C2 +D2 +E2 +F2 +G2 +H2 


FIGURE 5. 16 INPUT NOR GATE 


IMPLEMETATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 


NAND 


AN 
OR/NAND 
AND/NOR 
AND/OR 


OUTPUT FUNCTION FUNCTION NEEDED AT EXPAND INPUT | OUTPUT BOOLEAN EXPRESSION 


ORAND ee Sal 


J=(A+B+C+D)e(E+F+G+H)e(EXP) 
J=(ABCD)+(EFGH)+(EXP) 
J=(ABCD)+(EFGH)+(EXP) 


NOTES: 1. (EXP) designates the EXPAND function (i.e., X1 + X2+...XN). 
2. Refer to FUNCTION TRUTH TABLE for connection of unused inputs. 
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FUNCTION TRUTH TABLE 


OUTPUT FUNCTION BOOLEAN EXPRESSION Ka | Kb | Ke | UNUSED INPUT* 
fen———idemoEEM —ofofe| we 
Ca pep [es 


J=A+B+C+D+E+F+G+H 


ome xmeconemenm Tela [e] we 
onnmo——idmmooree [of [a 

AND J=ABCDEFGH P14 fo | 
a 
momen [usmcowerer—— [ 
moon [xascoren fa f+ 
Kd=0 High Impedance Output 


EXPAND Input = 0 *See Figures 1, 2, 3, 4. and 5 


Typical Performance Characteristics 


_ | AMBIENT TEMPERATURE (Ta) = +25°C 


3 3 

& oF 

S 8 © 
O 

3 B eo) 

5 z - 

aa | a | 

5 6 

: E 

=e | 

(@] 

0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 6. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 7. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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ti 


is 


Typical Performance Characteri 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


CS (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-10 
425°C 


-15 


AMBIENT TEMPERATURE 


(ww) (HOI) LNSHYND (3OHNOS) HDIH LNdLNO 


oO 

° 

iR- 
+ 
it 


(Ta) 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE 


~ 


(Ta) = 


: 
z 
a 
2 
i 
3 


FIGURE 9. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


FIGURE 8. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


ee _ 


a) 
Yo 
? 
i 
S 
uy 
oc 
F 
o 
ce 
= 
= 
3 
ww 
a 
z 


(su) (H1d3 “IHd}) SWLL AV 130 NOLLYDVdOud 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 10. TYPICAL PROPAGATION DELAY TIME (LOGIC 


CAPACITANCE 


INPUTS TO OUTPUT) AS A FUNCTION OF LOAD 


CAPACITANCE 


NENA 


= Cee 6 ee ee ee ee eee 
wR. UE RG 2 ee 2 ee ee 


MESON" E 


INPUT FREQUENCY (fl) (kHz) 
FIGURE 12. TYPICAL POWER DISSIPATION AS A 


2 a SS ow —_ T2252 Som om 
2, SN, 


SN 


AMBIENT TEMPERATURE (Ta) = +25° 
LOAD CAPACITANCE (CL) = 50pF 


105, 
6 
4 
2 
104, . 
6 
4 
2 
3 
10 8 
6 
4 
2 
02 
8 
6 
4 
2 
10 


” Unt) (dd) Nolivalssia Y3MOd OINWNAG 


FUNCTION OF INPUT FREQUENCY 
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Test Circuits and Wave Forms 


OUTPUT 


CL = 15pF 
OR 50p 


ah 


| 


16 


N Own & OW 


VDD 


FIGURE 13. DYNAMIC POWER DISSIPATION TEST CIRCUIT FIGURE 14. TEST CIRCUIT FOR tPHL, tTHL, AND tTHL (AND) 
| MEASUREMENTS 


© VDD (tPLZ) 


of ttPZL) 
: ° vss (tPHZ) 
i (tPZH) 
1 
PULSE | 
Pls : 2 Kd Poe APerrrrrrrrrrrrrri irs Cri 50% 
3 
4 tPZL tPLZ 
Ts OUTPUT pest 
6 10% 
,7 {PZH - 
: 90% 
_ OUTPUT 10% 
ad tPHL 
o VSS 
FIGURE 15. TEST CIRCUIT FOR tP2L, tP2H, tPLZ, ANDtPH2 = egure 46. WAVEFORMS FOR tPZL, tPZH, tPLZ AND tPHZ 
(AND) | He : 


INPUT INPUT 


OUTPUT OUTPUT 


FIGURE 17. WAVEFORMS FOR tPHL AND tPHL (AND) FIGURE 18. WAVEFORMS FOR tTHL AND tTLH (AND) 
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Chip Dimensions and Pad Layout 


ie) 10 20 30 40 50 60 70 4677 


at aS i t 


— wa 
a 
xo 
Pa 
@ 
° 


miata a 


o= L- 4-10 
(0.102- 0.254) 
74 -82 


(1.880- 2.083) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA -14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Branns  CD4049UBMS 


CMOS Hex Buffer/Converter 


December 1992 
peatures Pinout CD4049UBMS 
¢ High Voltage Type (20V Rating) TOP VIEW 


e inverting Type 

e¢ High Sink Current for Driving 2 TTL Loads 
e High-to-Low Level Logic Conversion 

¢ 100% Tested for Quiescent Current at 20V 


e¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e 5V, 10V and 15V Parametric Ratings 


Applications 

e¢ CMOS to DTL/TTL Hex Converter 

e¢ CMOS Current “Sink” or “Source” Driver 
¢ CMOS High-to-Low Logic Level Converter 


Description a > ae 
The CD4049UBMS is an inverting hex buffer and features 

logic level conversion using only one supply (voltage (VCC). 7 6 at 
The input signal high level (VIH) can exceed the VCC supply c ine 


voltage when this device is used for logic level conversions. 


This device is intended for use as CMOS to DTL/TTL 522 10 25 © 
_ converters and can drive directly two DTL/TTL loads. (VCC O 

= 5V, VOL < 0.4V, and IOL 2 3.3mA. vec , is o 

The CD4049UBMS is designated as replacement for vss : E == 

CD4009UB. Because the CD4049UBMS requires only one 

power supply, it is preferred over the CD4009UB and NC = 13 a Zle Laer 

CD4010B and should be used in place of the CD4009UB in NC = 16 


all inverter, current driver, or logic level conversion applica- 
tions. In these applications the CD4049UBMS is pin compat- 
ible with the CD4009UB, and can be substituted for this 
device in existing as well as in new designs. Terminal No. 16 | Schematic 

is not connected internally on the CD4049UBMS, therefore, vcc 
connection to this terminal is of no consequence to circuit | 
operation. For applications not requiring high sink current or 
voltage conversion, the CD4069UB Hex Inverter is recom- 
mended. 


The CD4049UBMS is supplied in these 16 lead outline pack- | 
ages: 


Braze Seal DIP H4S 
Frit Seal DIP H1E 
Ceramic Flatpack H3X 


VSS 
FIGURE 1. SCHEMATIC DIAGRAM, 1 OF 6 IDENTICAL UNITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3315 
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_ Specifications CD4049UBMS 


‘Absolute Maximum Ratings = «= Reliability Information — 


DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ............. eae Gin Oi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ........ ageae -0.5V to VDD +0.5V Flatpack Package ...........+..6- 70°C/WW 20°C/W 
DC Input Current, Any One Input. ...:.............ce eens +10mA Maximum Package Power Dissipation (PD) at +125°C . 
Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
~ Package Types D, F, K, H an | ~~ For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ...............6- +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum 


Junction Temperature ...... ccc cc cee cece ete eee eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUPA | cscs | 
PARAMETER _| SYMBOL TEMPERATURE | MIN | MAX |UNITS 


Supply Current . = 425°C 


>. CONDITIONS (NOTE 1) 
VDD = 20V, VIN = VDD or GND 


” 
Cc 
wo 
G) 
=) 
oO 
on 
UO 
” 


- "4426°G 


oc 

Rec aa [200 Ta 

ee 

[2 | __«26r _| sooo |_| oa 

oe e000 [oa 

ee 

Tos [vop=asvivour-oav f+ | ao ~([ 26 | - | ma | 

Trois _|vop=sv,vour-oav f+ | wee faa | - | m_ 

Toto |vop= av, vour=oev | + | wee [ao | - | ml 

rious |vop=vevvour=sev | 1 tarot ow | | 

ai| 10Hs6 _[voD=sv, vour=esv__ [1 | were | - | a2 | ma 

Piorio |vop=sov,vour-osv p14 | ao *| ta | ma 

PTiveshodVotage | VPTH |vsSzov,10D=1qa | 1 | sof o7 | 20 | v_ 
(vOD= av, vN=VDDerano | ea | vero +d 


Input Voltage Low | VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 7 


Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) 2 VOL < 1.5V 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


VIH_ ~=|VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
VOL < 1.5V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay TPHL |VDD=5V,VIN=VDDorGND |] 9° | — 425°C 
Propagation Delay TPLH |VDD=5V,VIN=VDDorGND | 9 | — +25°C 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | — +25°C 


+125°C, -55°C 
NOTES: . 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND -§5°C, +25°C 


55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND 
VDD = 5V, No Load 


LIMITS 


Plots tele leleeleletel el ee PPP EE 


UNITS 


+25°C, +125°C, 


Output Current (Sink) 1OL4 | VDD = 4.5V, VOUT = 0.4V 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


PCa 
QO 


-55°C, +25°C 
+125°C 

VDD = 10V, No Load 

VDD = 5V, No Load 


Output Current (Source) IOH5B 
rian el wcencall 


Oo} 9 
21é 
3 


> 


m 


én | % 
SS) 
31 8 
QD 


‘ 
—_ 
_ C 
o 
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Specifications CD4049UBMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


, LIMITS 
PARAMETER _—‘| SYMBOL _ CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 


Output Current (Source) IOH15 © VDD = =15V, VOUT = 13.5V +125°C 


Input Voltage Low yee = 10V, VOH > 9V, VOL < +25°C, +125°C, 
-55°C 
Input Voltage High an: VDD = 10V, VOH > 9V, VOL < 


+25°C, +125°C, 
-55°C 
Propagation ii TPHL | VIN=10V, VDD = 5V 
VIN = 10V, VDD = 10V 


[28 | ase 
Propagation Delay TPLH | VIN = 10V, VDD = 5V | 1,2,3 | 425°C 
VIN = 10V, VDD = 10V | 4,2,3 | 425°C 


3 


3 
> 


Propagation Delay TPHL 

Propagation Delay TPLH 
ll VIN = 15V, VDD = 15V 
Transition Time TTHL +25°C 
Transition Time TTLH +25°C 


VDD = 15V, VIN = VDD OR GND 
Input Capacitance ars Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL =50pF, RL = 200K, Input TR, TF < 20ns. 


no} 


. TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE ea te UNITS 

N Threshold Voltage AVTND | VDD = 10V, ISS = -10nA 1, 4 +25°C 

Delta _ 

P Threshold Voltage AVTPD | VSS = OV, !IDD = 10pA +25°C 

Delta 

i VDD = 8V, VIN = VDD or GND a 
Propagation Delay Time TPHL |VDD=5V 1, 2, 3, 4 - +25°C 
TPLH . 

NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


N Threshold Voltage VDD = 10V, ISS = -10A a oe 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL <. 
VDD/2 |} VDD/2 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-wsi1 [00 [roar 
[Ouse Curent Source) | 1OHGA | 20%xPre-TestReading 


TABLE 6. APPLICABLE SUBGROUPS . 


MIL-STD-883 . 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[PoAWoet) + s00%so0n | nv. bems 
100% 5004 
10 ’ ’ 


[Poawwotet) ‘| toon sooe | —~—7. bass 
FnalTen —+|too%s00s [saa enea. 1007 iP 
[Sous * Samp soos | Ba 7Zenee10n fSS 
SS a 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION VDD ove-05v | S0kKHz | —25kHz 
Static Burn-in 1 2, 4, 6, 10, 12, 3, 5, 7-9, 11-14 
(Note 1) 13, 15 
Static Burn-In2 | 2, 4, 6, 10, 12, 1,3, 5,7, 9, 11, 
(Note 1) 13, 15 14, 16 


Dynamic Burn- 2, 4,6, 10, 12,15 | 3,5, 7,9, 11, 14 
In (Note 3) . 
lee | i i : : “ a 


1. Each pin except pin 1, pin 16, and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except pin 1, pin 16, and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V © 


3. Each pin except pin 1, pin 16, and GND will have a series resistor of 4.75K + 5%, VDD = 18V + 0.5V 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VCC) = 5V 
= 
re) 
= 
o 
5 
Ss 
~ 
= 
a 
- 
no ] 
oO 
0 1 3 4 
| 7 INPUT VOLTAGE (VI) (V) | | 
FIGURE 2. MINIMUM-AND MAXIMUM VOLTAGE TRANSFER 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


| DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


8 7 6 56 4 3 2 4 0 
AMBIENT TEMPERATURE (Ta) = +25°C a ‘le 


GATE-TO-SOURCE VOLTAGE (VGS) = 5 P| 


OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT VOLTAGE (VO) (V) 


vy, f GATE-TO-SOURCE VOLTAGE (VGS) = 5V 
Jaa Reeser 
ie a ae a 

1 2 3 4 5 6 7 8 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
. 8 7 6 5 4 3 -2 -1 0 
7 
Oy Me 5 


Ty 


GATE-TO-SOURCE VOLTAGE (VGS)=5V - 7) 


S) 
ra) 
OUTPUT HIGH (SINK) CURRENT (10H) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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\\ AMBIENT TEMPERATURE (Ty) 
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INPUT VOLTAGE (VI) (V) 


FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) 


40° 


~ 
oO 
> 


s 
oS 
Lo) 


mums: LOAD CAPACITANCE (CL) = 50pF 
(11pF FIXTURE + 39pF EXT) 
mut CL = 15pF (11pF FIXTURE + 4pF EXT 


POWER DISSIPATION PER INVERTER (pW) 
° 
o 


10 
2 4 68 2 4 68 2 468 


3 
10 102 10° 104 10° 


INPUT FREQUENCY (f) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION vs FREQUENCY 
CHARACTERISTICS 
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INPUT RISE AND FALL TIME (tr, tf) (ns) 


POWER DISSIPATION PER INVERTER (PD) (pW) 


FIGURE 9. TYPICAL POWER DISSIPATION vs INPUT RISE 
AND FALL TIMES PER INVERTER 


Chip Dimensions and Pad Layout 


“Tie a 


“] =| 


© 
O 
ve) 
4 


= 4-10 
(0.102-0.254) 
54-62 
(1.372-1.574) 


Dimensions in parenthesis are in millimeters and are. 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BHaRRIs § CD4050BMS 


CMOS Hex Buffer/Converter 


December 1992 
Features | 3 , | Pinout Santana 
¢ High Voltage Type (20V Rating) | TOP VIEW 


Non-inverting Type 
High Sink Current for Driving 2 TTL Loads 
High-to-Low Level Logic Conversion 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


e 5V, 10V and 15V Parametric Ratings 


Applications 
e CMOS to DTL/TTL Hex Converter 
¢ CMOS Current “Sink” or “Source” Driver Functional Diagram 
¢ CMOS High-to-Low Logic Level Converter 3 2 

A -] >— Gua 
Description | | a? : : 
The CD4050BMS is an non-inverting hex buffer and features 2 > =P 
logic level conversion using only one supply voltage (VCC). | — 
The input signal high level (VIH) can exceed the VCC supply : c - + Ixc 
voltage when this device is used for logic level conversions. | . | 


This device is intended for use as CMOS to DTUTTL 


converters and can drive directly two DTL/TTL loads. (VCC es 10 =D 
= 5V, VOL < 0.4V, and IOL 2 3.3mA. | vec 

The CD4050BMS is designated as replacement for | vee cc! ett 12 Le 
CD4010B. Because the CD4050BMS requires only one | 

power supply, it is preferred over the CD4010B and should NC = 43 i ie 

be used in place of the CD4010B in all inverter, current NC #16 F L=F 


driver, or logic level conversion applications. In these appli- 
cations the CD4050BMS is pin compatible with the 
CD40108B, and can be substituted for this device in existing , | 
as well as in new designs. Terminal No. 16 is not connected ‘ : 

internally on the CD4050BMS, therefore, connection to this | Schematic Diagram 

terminal is of no consequence to circuit operation. For appli- | . vec 
cations not requiring high sink current or voltage conversion, | 
the CD4069UB Hex Inverter is recommended. 


The CD4050BMS is supplied in these 16 lead outline pack- 
ages: 


Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack H3X 


vss 


‘FIGURE 1. SCHEMATIC DIAGRAM, 1 OF 6 IDENTICAL UNITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3193 
Copyright © Harris Corporation 1992 7-930 


Specifications CD4050BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Ba 6; 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C 20°C/W 

Input Voltage Range, Ali Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............0.. 70°C 20°C/W 

DC Input Current, Any One Input. ....... 20... . cc ee eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............+. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ... 6... cece cee tect e eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


+25°C | VOH> | VOL < 
+25°C 
+125°C 
55°C 
+25°C, +125°C, -55° 


fee] 
68) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


QO 


VDD = 2.8V, VIN = VDD or GND 

VDD = 20V, VIN = VDD or GND 
= nell al antaiaole 
| (Note 2) 


utput Current (Si 
utput Current (So 
utput Current (So 
utput Current (Source 
utput Current (So 
unctional 

ut Voltage High 


+25°C, +125°C, -55° 


Inp 

(Note 2) 

Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

Input Voltage High Vv VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


+25°C, +125°C, -55° 


QO 


nk) 
wea] 1OHEA| 
Output Current (Source)} IOHSB {VDD = 5V, VOUT = 2.5V_ 
weal] 1010 | 
urce)| _!OH1S _ 


VIL 
lH 


.¢) 


Q) 
< 
= 
< 
= 
EERE sS 


+25°C, +125°C, -55° 


GROUP A cul | 
RMON sce soos Come shed Ses a 
voo= ev,wN=vooweno | 3 | ase - | 2 [sa 

Input Leakage Current | IL |VIN=VDDorGND |voD=20 {| 1 | 425% | -100| - | na | 
OO eee ee eee 
pe Gee 
Input Leakage Current VIN=VDDorGND |vpbD=20 | 1 |  +25¢ | - | 100 | na | 
a 
ouputcuren Gri) [| 101A |voD=asv.vour-oayv | 1 | ws 26 | | ma 
ouput Curent Sax) | Tos |VOD=ev,vouT=oav [1 | ase [aa | [ma 
ouput Cure (Sri | 1OL18 [voD=tev,voUT=tav | 1 | aso aa | | ma 
vop=sv.vourcaev | 1] sto - | 08 [ ma 
5 vop=sv,vour=asv f+ | vaso | -[ -02 | ma 
: voo=1wv,vour=o5v | 1 [wee | - [12 | ma 
voo=ev.vour=aev | +] wae [| -] 60 | ma 
PrrivesnoldVotage | VeTH [VSS=0V,0D=1a [1 | ase | o7 | oa | v_ 
vO0=28V, Vive VODw GND [7 | vaso v 
ee ee 
ee aa ae 

bared 

am 

aeeae! 

Riad 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 


7 ie eee GROUP A 2 Se ; 
PARAMETER | SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE | MIN - | 
Propagation Delay . VDD = 5V, VIN = VDD or GND a ae 


ee aes 
wally XC eo 
Transifon Time Poe. | 
eC ed 


TPLH | VOD = 5V, VIN = VDD or GND 


VDD = 5V, VIN = VDD or GND 
TTLH | VDD =5V, VIN = VDD or GND 
NOTES: © a. on a 
4. CL=50pF RL=200K, Input TR, TF<20ns, 

2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS . — 


| a | | LIMITS 

| exmurron_|srmmca| commons “| nor_|remeenanea at 
Supply Current VDD = 5V, VIN = VDD or GND | 65°C, 425°C | - | 
“ teh el 
VDD = 10V, VIN = VDD or GND | -55°C, 425°C | - | 
woanceies Sle fe as ocx 
, eae 
* Retr 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
sO +125°C 

VDD = 5V, No Load . 

VDD = 10V, No Load 


. mV 


PEPE E 


+25°C, +125°C, 
-55°C 


Output Voltage 
+25°C, +125°C, 
-55°C 


Output Voltage . 


+25°C, +125°C, 


Output Voltage 
Output Voltage VDD =10V,NoLoad ~ 


) —_ VOL 

| VOL 

yy “VOH 

3 ial VOH 
VDD = 4.5V, VOUT = 0.4V 
1OL10 | VDD = TANT PT! 


VDD = 5V, No Load 


55°C 


425°C, +125°C, 
; - 55°C - 


+125°C 


~  +125°C 


| +125°C 


-55°C 


VDD = 15V, VOUT = 1.5V 


Output Current (Sink) IOL15 
Output Current (Source) IOH5A_ | VDD = 5V; VOUT = 4.6V 
Output Current (Source) | pon VDD = 5V, VOUT = 2.5V 


ilele 
elele tele elele alee] 


Output Current (Source) VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS 


Output Current (Source) lan VDD =15V, VOUT = 13.5V 

Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 

Input Voltage High cue 


Propagation Delay TPHL 
VIN = 10V, VDD = 10V 


VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 


VIL 
VIH 
Propagation Delay TPLH 
| VIN = 10V, VDD = 10V 
Propagation Delay TPHL | VIN=15V, VDD = 5V 
VIN = 15V, VDD = 15V 
Propagation Delay TPLH 
VIN = 15V, VDD = 15V 
i 


Transition Time 


Input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


o 
Oo 
\@) 
a 


VSS = OV, IDD = 10pA 


VSS = OV, IDD = 10pA © 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[_Paraweven | svwso._[ _DeLTALMT_ 
Suppy Curent-msi1 [10D froma 
[ouput Curent Source) | 1OH5A [20% xPreTestReading 


TABLE 6. APPLICABLE SUBGROUPS 


NOTE: 1.5% Parametric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


‘TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
FUNCTION ove-05V | 50kHz | kHz 
Static Burn-in 1 2, 4,6, 10,12, | 3,5, 7-9, 11-14 
(Note 1) . 13, 15 
Static Burn-in2 | 2, 4, 6, 10, 12, 1, 3, 5, 7, 9, 11, 
14, 16 


(Note 1) 13, 15 


Dynamic Burn- 2, 4,6, 10, 12,15 | 3,5, 7,9, 11, 14 
In (Note 3) 
ae | : ° i i i‘ i ! 


1. Each pin except pin 1, pin 16, and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except pin 1, pin 16, and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Each pin except pin 1, pin 16, and GND will have a series resistor of 4.75K + 5%, VDD = 10V + 0.5V 


7-934 


CD4050BMS 


Typical Performance Characteristics 


S g 
2 : 
w & 
G 
< 3 
oa | 
9 s 
Im B 
a 
: : 
0 1 2 3 4 5 6 7 8 
INPUT VOLTAGE (VI) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
8 7 6 $6 4 3 2 A 0 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


OUTPUT HIGH (SINK) CURRENT (fOH) (mA) 


0 1 2 3.64 5 6 7 8 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


| SUPPLY VOLTAGE (vcc)=10VYa | |_| 
fi | {fl 
ERE 
En 


gee ete eae se (V) 


AMBIENT TEMP (Ta) 


—_ 
oS 


OUTPUT HIGH (SINK) CURRENT (IOH) (mA) 
OUTPUT VOLTAGE (VO) (V) 
~a ND DW 2&2 oI AN @O O 


° 
ad 
w 
w 
> 
a : 
3) 
a | 
© 
ve) 
ond, 
r=) 


INPUT VOLTAGE (Vi) (V) 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS A FUNCTION OF TEMPERATURE 
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icS (Continued) 
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Ss 


i 


Typical Performance Character 


ee 


SUPPLY VOLTAGE (VCC) =5 
FREQUENCY (f) = 10KHz 


nT 
Tt 
107 


— oe oe oes 77 -——- com came wee. oe ws eee 


ad 


40° = «10 = 407 
=< INPUT RISE AND FALL TIME (tr, tf) (ns) 


104 


10? 


ede? 
ce © 
wat 
+ A] 
Gels 
Selo” 
iw PS 3 Ee 
NIN EST | 1+} we | 
TENG 5 = 
2 \N il Pele 
S ao 
4 an 
= ed" 
f3 ean 
= 5 =4,2 
iE S23 CY 
bo CNR ENT 
oe | 88 NNER 
<+/ #21 | TININIEN | 
OOT NW Coen DOW N aor N 
% > 2% % 2 


(M1) YALYSANI YSd NOLLVdISSIO HSMOd 


INPUT FREQUENCY (f) (kHz) 


FIGURE 8. TYPICAL POWER DISSIPATION vs FREQUENCY 


FIGURE 9. TYPICAL POWER DISSIPATION vs INPUT RISE 


AND FALL TIMES PER INVERTER 


CHARACTERISTICS 


Chip Dimensions and Pad Layout 


EES 


Wapcscecsace= meee 
iat aay 
-f 


1.626) 


$6-64 


(1.344. 


derived from the basic inch dimensions as indicated. 


Dimensions in parenthesis are in millimeters and are 
Grid graduations are in mils (10° inch). 


METALLIZATION: . Thickness: 11kA - 14kA, AL. 


10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 


PASSIVATION: 


DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4051BMS, CD4052BMS 
CD4053BMS 


| CMOS Analog 
Multiplexers/Demultiplexers* 


FARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features 

e Logic Level Conversion 

e High-Voltage Types (20V Rating) 

e CD4051BMS Signal 8-Channel 
CD4052BMS Differential 4-Channel 
.CD4053BMS Triple 2-Channel 


Wide Range of Digital and Analog Signal Levels: 
- Digital 3V to 20V 
- Analog to 20Vp-p 


Low ON Resistance: 1250 (typ) Over 15Vp-p iia 
Input Range for VDD - VEE = 15V 


High OFF Resistance: Channel Leakage of +100pA 
(typ) at VDD - VEE = 18V 


Logic Level Conversion: 


° 


- Digital Addressing Signals of 3V to 20V (VDD - VSS 


= 3V to 20V) 


- Switch Analog Signals to 20Vp-p (VDD -. VEE = 20V); 
See Introductory Text 


Matched Switch Characteristics: RON = 5Q (typ) for 
VDD - VEE = 15V 


Very Low Quiescent Power Dissipation Under All Digi- 
tal Control Input and Supply Conditions: 0.2u.W (typ) 
at VDD - VSS = VDD - VEE = 10V 


Binary Address Decoding on Chip 
e 5V, 10V and 15V Parametric Ratings 
° 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Break-Before-Making Switching Eliminates Channel 
Overlap 


Applications 


- @ Analog and Digital Multiplexing and Demultiplexing 
° A/D and D/A Conversion 
e Signal Gating 


* When these devices are used as demultiplexers the “CHANNEL 
IN/OUT’ terminals are the outputs and the “COMMON OUT/IN” ter- 
minals are the inputs. 


Description 


CD4051BMS, CD4052BMS and CD4053BMS analog multi- 
plexers/demultiplexers are digitally controlled analog 
switches having low ON impedance and very low OFF leak- 
age current. Control of analog signals up to 20V peak-to- 
peak can be achieved by digital signal amplitudes of 4.5V to 
20V (if VDD-VSS = 3V, a VDD-VEE of up to 13V can be con- 
trolled; for VDD-VEE level differences above 13V, a VDD- 
VSS of at least 4.5V is required). For example, if VDD = 
+4.5V, VSS = 0, and VEE = -13.5V, analog signals from - 
13.5V to +4.5V can be controlled by digital inputs of 0 to 5V. 
These multiplexer circuits dissipate extremely low quiescent — 
power over the full VDD-VSS and VDD-VEE supply voltage 
ranges, independent of the logic state of the control signals. 
When a logic “1” is present at the inhibit input terminal all 
channels are off. 


The CD4051BMS is a single 8 channel multiplexer having 
three binary control inputs, A, B, and C, and an inhibit input. 
The three binary signals select 1 of 8 channels to be turned 
on, and connect one of the 8 inputs to the output. 


The CD4052BMS is a differential 4 channel multiplexer hav- 
ing two binary control inputs, A and B, and an inhibit input. 
The two binary input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog inputs to the out- 
puts. 


The CD4053BMS is a triple 2 channel multiplexer having 
three separate digital control inputs, A, B, and C, and an 
inhibit input. Each control input selects one of a pair of chan- 
nels which are connected in a single pole double-throw con- 
figuration. 


The CD4051BMS, CD4052BMS and CD4053BMS are supplied 
in these 16 lead outline packages: 


Braze Seal DIP “H4X TH4T 
Frit Seal DIP H1E 

Ceramic Flatpack H6EW 

*CD4051B Only 


+CD4052B, CD4053 Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


FileNumber 3316 
Copyright © Harris Corporation 1992 7-937 


CD4051BMS, CD4052BMS, CD4053BMS 


Pinouts 
| CD4051BM CD4052BMS 
TOP VIEW _ TOP VIEW 
COM OUTAN | 3| 14} 1 CHANNELS COMMON “Y” OUTAN [3] 14) 1 
CHANNELS {7 4 13] 0 Y CHANNELS {° 4 13] COMMON “X” OUT/IN 
Ts [5 12} 3 Th 12) ot X CHANNELS 
INH [6 | Ht} A INH [6] IN/OUT 
VEE 101 B VEE HOLA 
vss | 8) ‘gic vss | 8) 9fB 
CD4053BMS 
TOP VIEW 
| by VDD 
IN/OUT < bx [15] OUTAN bx or by 
. cy 7 14] OUTAN ax or ay 
OUTIIN CX or CY 113) vt 
IN/OUT 
IN/OUT CX 
INH | 6| Ht} A 
VEE 10] B 
vss | 8) 
Functional Diagrams 
CHANNEL IN/OUT 
7 6 5 4 3 2 1 0 
© — 
LEVEL 7 . 
8 @— conversion || | | th 5 
. OUTAN 
a | |j~t——f = 
INH (6) 


< 

oO 

| 
a 


* ALL INPUTS PROTECTED BY 
STANDARD CMOS PROTECTION 
NETWORK 


CD4051BMS 


7-938 


CD4051BMS, CD4052BMS, CD4053BMS 


Functional Diagrams (Continued) 


X CHANNELS IN/OUT 
3 2 14 «0 


G1) G5) G49 G2) 


ee eg COMMON X 
OUT/N 
: ee Pe 
TG 
A Go) LoGic Ta © 
LEVEL 
CONVERSION OF (3) 
| | wit COMMON Y 
B (9) ee OUTAN 
| isc. 
‘i® ——a 
Ta | 
41) (5) 2) 
o 1 2 3 
$n 
(3) vss (7) VEE Y CHANNELS IN/OUT 


CD4052BMS 


* ALL INPUTS PROTECTED BY 
STANDARD CMOS PROTECTION 


NETWORK Oo 
oO 
O 
—l 
BINARY TO 1 OF 2 IN/OUT 
DECODERS WITH 
LOGIC INHIBIT cy cx by bx ay ax 


CONVERSION ig) VoD YD) © O @& &) & 


CD4053BMS 
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Absolute Maximum Ratings Reliability Information | 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oia 65. 
(Voltage Referenced to VSS Terminals) | - Ceramic DIP and FRIT Package..... B0°C/W 20°C/W 

input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input. ............... 0 cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.......... Peer -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package TypesD,F,K,H ©.” For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C _ Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ........... heer +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum _ . . Junction Temperature... .. 0... cc ccc eee eee e cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a GROUP A | 
|_ranaueren_|svwoo.| —conomons ores) [sitsnocbs|_rewenarune [ait uni |ns 
VOD =20V, VIN=VoDorGND | 1 [src] - | 10 | nA 
ee ee eee 
VDD =18V,VIN=VDDorGNO_f 3] CTA 
Input Leakage Current |] IIL |VIN=VDDorGND |vpbD=20 | 1 |  +#25°C | -100{ - | nA | 
| ) : p 2 | stasec | 1000 | - | nA 
she — oostevs2t00 [a 
Input Leakage Current | IIH |VIN=VDDorGND |vDD=20 | 1 | ~~ +#25°%°  ~=|[ - | 100 { nA | 
ee 
vop=tv[ 3 [| ss | - | 100 | na 
On-State Resistance VDD = 5V. a ee ee Eee 
RL = 10K Returned to VIS = VSS to VDD [9 | tas. -*| ~~ ~‘1 1300) a 
aed Es ee ee 
VDD = 10V ee ee 
ue vee ine a 
[3 sec «dt Cd sto | 
VDD = 15V ee 
VIS = VSS fo VDD ne 
ee ee 
VNTH_|VDD = 10V, ISS = -10HA es ee 
P Threshold Voltage | VPTH |VSS=OV,IDD=10wA | | RC 7 | 28 | | 
Functional F |VDD=2.8V,VIN=VDDorGND_ | 7] 425°C VOH> | VOL <} V 
(Note 4) VOD =20V, VIN=VODor@ND | 7 | +280 Vo] voor 
(VOD =18v, VIN=VODorenD | ea [i250 
VOD=3V,VIN=VODorGND | e850 


VDD = 5V = VIS thru 1k, 


7 
. 7 
8A 
8B 

1,2,3 1425°C, +125°C, -55° 
VEE =VSS 
RL = 1k to VSS, IIISI < 2nA 1,2,3 425°C +125°C, -55° 
OFF Channels | 
VDD = 15V = VIS thru 1K +25°C, +125°C, -55° 


Q 


Input Voltage Low VIL 
(Note 2) 

Input Voltage High VIH 
(Note 2) 

Input Voltage Low ~ VIL 
(Note 2) 


2) 


© 
© 
—k on 


o>) 


ba be 


VEE=VSS 


Input Voltage High AL = 1K to VSS, IISSI, <2HA 1,2,3  |+25°C, +125°C, -55°C] 11 Vv 
(Note 2) On All OFF Channels 
Off Channel Leakage | VIN=VDDorGND |vbD=20v[ 14 | sis5C—(sCédSsC-t |; |p 
Any Channel OFF VOUT = OV : 4125°C -1.0 A 
a | ee el 
All Channels Off CLR ES cS 
(Common Outin VIN=VDDorGND |voD=20v|__1 | +25 | - | od 
ee ea ee SET ee 
voo=iav[ 3 | sci 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. ~ 4, VDD = 2.8V/3.0V, RL = 200k to VDD 


VDD = 20V/18V, RL = 10k to VDD 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER —_|SYMBOL| CONDITIONS (Notes 1, 2) ee TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND ee ee ee 


Address to Signal Out 


Channels On or Off 
re ce 
fall lacuna ae fc 
ae est 


VDD = 5V, VIN = VDD or GND 
VEE = VSS = 0V 


(Note 1) 
Inhibit to Signal Out 
(Channel Turning On) 


VDD = 5V, VIN = VDD or GND 


Propagation Delay 
. VEE = VSS = 0V 


(Note 1) 


Propagation Delay 
es 
; Of _FrO 
Inhibit to Signal Out 10, 11 +125°C, -55°C 
(Channel Turning Off) 


NOTES: 
1. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
2. CL = 50pF, RL = 10KQ, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| VDD = 10V, VIN = VDD or GND 
serene fae 


UNITS 


VDD = VIS = 10V, VEE = VSS 


+25°C, +125°C, 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
| Input Voltage Low 
| Input Voltage High 


Propagation Delay 
Address to Signal Out . 
(Channels On or Off) 


RL = 1K to VSS -55°C 


| 5 
oe ee 
ae ee 
| =| 300_| 
Ee ae 
a 

ISI, 2A OrvOff Channel. 1,2 +25°C, +125°C, 
L.- | 3 
com ©. 
ai 
Ee 
ee 
ee! 
ee 


Propagation Delay 
Inhibit to Signal Out 
(Channel Turning On) 


TPZH |VDD = 10V 
cy OTP2t vo = 15v_ | 
VDD = 5V 

VEE = -10V 


TPHZ |vbD=10V | VEE-=VSS=oV 
TPLZ [vob = 15V 


VDD = 5V 
VEE = -15V 


| CIN [Any Address or Inhibit Input —_ | | Any Address or Inhibit Input —_| Address or Inhibit Input 


Propagation Delay 
Inhibit to Signal Out 
(Channel Turning Off) 


+ 
ioe 
+ 


AK 
Ta] 

Ca 

a 

[oot | aa 

VEE = = BV 

20 [re 

pao | 

{Tt 

<a 

phe 


Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process sand are not directly tested. These parameters are char- 
acterized on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


P Threshold Voltage VTP | VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP |VSS=O0V,IDD = 10pA +25°C 

Delta 

Functional F VDD = 18V, VIN = VDD or GND ..-+25°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND vob/2 | vOb/2 


Propagation Delay Time TPHL {VDD =5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL DELTA LIMIT 
ON Resistance RONDEL10 |+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A, RONDEL10 


[Poa weet) «doom oon | Domes 
FralTet _—_| toonso0s [| —aaenea017<SOSCSCS~S~S 
aoa | Sarpwsoos | _a2.a,7enen010n | 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


peanecriaga: 1 TEST 4 READ AND RECORD 
_ CONFORMANCE GROUPS METHOD | PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


PART NUMBER CD4051BMS 


Static Burn-in 1 1,2, 4-6, 7, 8, 16 
Note 1 . 9-15 
Static Burn-in 2 7,8 1,2,4-6,9-16 
Note 1 
Dynamic Burn- 4-6,7, 
In Note 4 


Static Burn-in 1 1,2, 4-6, 7, 8, 
Note 1 9-12, 14, 15 


Static Burn-In 2 1,2,4-6,9- 12, 
Note 1 14-16 


~ | Dynamic Burn- 

In Note 1 
Irradiation 1,2,4-6,9- 12, 
Note 2 14-16 


Static Burn-In 1 
Note 1 


Static Burn-in 2 
Note 1 


7,8 


4, 14, 15 


1. Each pin except pin 7 VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except pin 7 VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Typical Performance Characteristics 


SUPPLY VOLTAGE (VDD - VEE) = 5V Pf 
AMBIENT TEMPERATURE 
(Ta) = +125°C 
“LIA 
400 ! 


CHANNEL ON RESISTANCE (RON) (Q) 


J, 
VA 
& 
= 


4 3 2 4 0 414 2 3 #4 


INPUT SIGNAL VOLTAGE (VIS) (V) 


FIGURE 1. TYPICAL CHANNEL ON RESISTANCE vs INPUT 
SIGNAL VOLTAGE (ALL TYPES) 


600 


CHANNEL ON RESISTANCE (RON) (Q) 


10.0 -7.5 -5.0 -25 0 25 50 7.5 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V)~ 


FIGURE 3. TYPICAL CHANNEL ON RESISTANCE vs INPUT 
SIGNAL VOLATGE (ALL TYPES) 


SUPPLY VOLTAG 
VSS=0V VEE= 
AMBIENT TEMPERATURE (Ta) 1kQ 


DD)=5V LOAD RESISTANCE 
yt AL) 2 100k, 10k0 


OUTPUT SIGNAL VOLTAGE (VOS) (V) 
So 


6 4 -2 0 2 4 6 
INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 5. TYPICAL ON CHARACTERISTICS FOR 1 OF 8 
CHANNELS (CD4051BMS) 


CHANNEL ON RESISTANCE (RON) (Q) 


10.0 -7.5 5.0 -25 0 25 50 7.5 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) 


FIGURE 2. TYPICAL CHANNEL ON RESISTANCE vs INPUT 


CHANNEL ON RESISTANCE (RON) (0) 
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_ POWER DISSIPATION/PACKAGE (PD) (uW) 
i=] 
[%*] 


SIGNAL VOLTAGE (ALL TYPES) 


BIENT TEMPERATURE 
= +125°C 


-10.0 -7.5 -5.0 -25 0 25 5.0 7.5 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) 


FIGURE 4. TYPICAL CHANNEL ON RESISTANCE vs INPUT 


SIGNAL VOLTAGE (ALL TYPES) 


ath 
oS 
a 


AMBIENT TEMPERATURE (Ta) [1 TEST CIRCUIT 


= +25°C i 
ALTERNATING “O” AND — 

“I” PATTERN 

LOAD CAPICATANCE (CL) 


=~ 
i—] 
= 


Vy, 
A 


ee” as 


1 10 107 10° 104 
SWITCHING FREQUENCY (f) (kHz) 
FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION vs 
SWITCHING FREQUENCY (CD4051BMS) 
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Typical Performance Characteristics (Continued) — 


10°f AMBIENT TEMPERATURE (Ta) 
= +25°C 


= +25°C 


AMBIENT TEMPERATURE (Ta) 1-1 
ld 


= s 
— ALTERNATING “O” AND. = ALTERNATING “O” AND 
) “|” PATTERN o “|” PATTERN 
ire LOAD CAPICATANCE (CL) 4 
Gg 
3 S 
o Q SUPPLY VOLTAGE 
$102 2 J \y a 
2 2 Hit Ny = 
i < a_i” @ 
D G NAW DX 
B10 ST ala Tee 
= cc f A. 
{ia< .o——m = my 

w uu eT a 
5 3 > @ 
= = (il ee 

tT ta 

1 

SWITCHING FREQUENCY (f) (kHz) SWITCHING FREQUENCY (f) (kHz) 
FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION vs FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION vs 
SWITCHING FREQUENCY (CD4052BMS) SWITCHING FREQUENCY (CD4053BMS) 


VDD = +15V VDD = +7.5V VDD = +5V VDD = +5V 


5V 5V 
7.5V 


VSS =0V VSS = 0V 


VSS =z 0V 


VEE = 0V 


} VEE = -7.5V fie 
VSS = 0V 


: 7 : 7 
VEE =-10V_| 8 VEE = -5V Be 8 


@) | (b) (c) (d) 


The ADDRESS (digital-control inputs) and INHIBIT logic levels are: 
“0” = VSS and “1” = VDD. The analog signal (through the TG) may 
swing from VEE to VDD 


FIGURE 9. TYPICAL BIAS VOLTAGES 


7-945 


CD4051BMS, CD4052BMS, CD4053BMS 


TRUTH TABLE 


INPUT STATES tf = 20ns 


“ON” CHANNEL(S) 


7) 
Oo 
i 
r=) 
a 
anh 
w 
= 
” 


4{PZL TURN-ON 
TIME 


TURN-OFF TIME 


FIGURE 10. WAVEFORM, CHANNEL BEING TURNED ON, OFF 
(RL = 1kQ) 


tr 20ne tf=20ns 
Ca A 
py 

a ee ee ee ee 

a ee ee 

a se es 

pote NONE 


TURN-ON 


TURN-OFF TIME —— ——— TIME 


tPHZ tPZH 


FIGURE 11. WAVEFORM, CHANNEL BEING TURNED OFF, ON 


(RL = 1kQ) 
X = Don't Care 
OUTPUT 
1 1 VDD 
CL 

2 2 
3 3 
4 4 

5 
5 

6 VDD. 
6 , 
8 8 IN 

VSS Vss 
CD4052 


VEE 


vss CLOCK 
IN 


ownwvr®aaes. @®NnD ~~ 


FIGURE 12. PROPAGATION DELAY - ADDRESS INPUT TO SIGNAL OUTPUT 
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CD4051BMS, CD4052BMS, CD4053BMS 


VDD 
OUTPUT 


VDD 
OUTPUT 


1 , 1 
2 2 
; ; 
P 4 
5 5 
VDD | 
6 
6 | | | 
| | VDD 
VDD ; 7 
VSS CLOCK VEE VSS CLOCK VEE 
IN 8 IN 8 
vss vss 
VSS vss 
{PHL AND tPLH tPHL AND tPLH 
CD4051 CD4052 
OUTPUT 
VDD 


wo [LP 


VSS CLOCK yEE 
IN 


eonwr Aaaeat}w® nD =~ 


vss 


tPHL AND tPLH 
CD4053 
FIGURE 13. PROPAGATION DELAY - INHIBIT INPUT TO SIGNAL OUTPUT 


DIFFERENTIAL —CD4052 cp40s2 
SIGNALS 
COMMUNICATIONS 
-_ = Z 
: DIFF DIFF : 
: AMPLIFIERY RECEIVER : 
: LINE DRIVER , | 
DIFF DEMULTIPLEXING 
MULTIPLEXING 


FIGURE 14. TYPICAL TIME-DIVISION APPLICATION OF THE CD4052BMS 
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CD4051BMS, CD4052BMS, CD4053BMS 


Chip Dimensions and Pad Layouts 


CD4051BMSH a 7 CD4052BMSH 


9 10 20 30 40 50 60 70 a 


ft 


| all 
: i} 
+. 4-10 | 
(0.102-0.254) 
80 -88 
—{2032-2.235) 


 ©D4053BMSH tis; 


Dimensions in parentheses are in millimeters and are 
. derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS 14 Stage Ripple-Carry 
December 1992. ts Binary Counter/Divider and Oscillator 


Features Pinout 
¢ High Voltage Type (20V Rating) 

e¢ Common Reset 

e 12MHz Clock Rate at 15V 

e Fully Static Operation 

e Buffered Inputs and Outputs 

Schmitt Trigger Input Pulse Line 


Standardized, Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard - - 
No. 13B, “Standard Specifications for Description of | Functional Diagram 
‘B’ Series CMOS Devices” 


Oscillator Features 


¢ All Active Components on Chip (5) 
e RC or Crystal Oscillator Configuration oO 
e RC Oscillator Frequency of 690kHz Min. at 15V R (2) (6) 
er 14 STAGE 
Applications RIPPLE od) O 
¢ Control counters . Sear T ATOR 3) S 
_ 

¢ Timers st (11) : © 
e Frequency Dividers | wy) 
e VSS = 8 

Time Delay Circuits VDD = 16 . 
Description | 
CD4060BMS consists of an oscillator section and 14 ripple e ) 
carry binary counter stages. The oscillator configuration allows 8p (40) 
design of either RC or crystal oscillator circuits. A RESET input 
is provided which resets the counter to the all O’s state and dis- 
ables the oscillator. A high level on the RESET line accom- 
plishes the reset function. All counter stages are master slave 
flip-flops. The state of the counter is advanced one step in 
binary order on the negative transition of a1 (and @,). All inputs 
and outputs are fully buffered. Schmitt trigger action on the 
input pulse line permits unlimited input pulse rise and fall times. 
The CD4060BMS is supplied in these 16 lead outline pack- 
ages: 
Braze Seal DIP H4w 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3317 
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Specifications CD4060BMS 


Absolute Maximum Ratings _ | Reliability Information 


DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Gia Oi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............+.+. 70°C/W 20°C/W 

‘ DC Input Current, Any One Input................0 000. ....t10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............05 -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..............00. +265°C ~— Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) — 
10s Maximum Junction Temperature ....... cece cece ween nee eee eee 175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) 
Supply Current on VDD = 20V, VIN = VDD or GND. 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND {|VDD=20 


VIN = VDD or GND VDD = 20 
VDD = 18V 


IL 

Output Current (Sink) 

(Excluding pins 9 & 10) VDD = 10V, VOUT = 0.5V 

Pious |voo=sv,vour=25v 

Pronto [voo= tov. vour=95v 

Pious [voo= tev, vouT=135v 
+125°C 


VDD =20V, N= VDD orND | 7 


F 
Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55° 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 
(Note 2) 

VIH 


_ TEMPERATURE 
+25°C 
+125°C 
-55°C 
+25°C 


MIN 
= 
Ee 
Zz 
| -100 | 
+125°C - | -1000 | 
| -100 | 
Pd 
a 
ae 
Lee 


MAX | 
| 10 _| 
| 1000 | 
| to | 
Input Leakage Current i es 
Baal 


n 
n 


-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55°C] 14.95 
+25°C 
+25°C 


0.53 | 
14 | 
re 
ee 
eee 


eal 


Input Leakage Current 


Cc 
elle sels eS 
” 


A 
A 
nA 
nA 


2) 


+25°C 
+25°C 
+25°C fase 
+25°C 07 | 28, 


+25°C VOH > | VOL < 
ee VDD/2 | VDD/2 


Output Current (Source) 
(Excluding pins 9 & 10) 


ow 


__=}f13)8}2/3)8]2)3/-]2 I 


2) 


” 
Cc 
ie] 
¢ 2 
.e] 
Cc 
U0 
” 


2) 


+25°C, +125°C, -55° 


2) 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 1,2,3 +25°C, +125°C, -55° 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


2) 
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Specifications CD4060BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 


Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
input Pulse Operation TPLH1 prot | +125°C, -55°C 


LIMITS 


= By 


UNITS 


740 


al to Q4 


QN to QN + 1 TPLH2 vipeee cece 
Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGND | 9 | — 425°C 
Transition Time TTHL }VDD=5V,VIN=VDDorGND | 9 | — 425°C 
ae 
| 10,11 


Maximum Input Pulse FOI VDD = 5V +25°C 
Frequency . VIN = VDD or GND 


+125°C, -55°C 
1. VDD = 5V, CL= 50pF, RL=200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


270 


ie) 


o>) 


7 


Oo 


z 
MHz 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS. NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


Output Current (Sink) IOL5 VDD = 5V, VOUT = 0.4V 
(Excluding pins 9 & 10) 


LIMITS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


UNITS 


fe) 
= 
a} 
& 
< 
o 
i 
a 
@ 


4.95 


< 


373 
>| > 


3 
> 


1.6 
2.4 
4.2 


Output Current (Sink) IOL10 VDD = 10V, VOUT = 0.5V 
(Excluding pins 9 & 10) 

Output Current (Sink) 1OL15 =| VDD=15V, VOUT=1.5V. ~ 
(Excluding pins 9 & 10) 


IOH5A 


3 
> 


A 
A 


3 


Output Current 
(Source) 
(Excluding pins 9 & 10) 


Output Current 
(Source) 
(Excluding pins 9 & 10) 


Output Current 
(Source) 
(Excluding pins 9 & 10) 


VDD = 5V, VOUT = 4.6V 


3 


tle) fete feel LPP PPE 


3 
> 


IOH5B- =| VDD = 5V, VOUT =2.5V 


3 


3 
> 


1IOH10 


3 
> 


VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- | LIMITS 
PARAMETER SYMBOL _ CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


Output Current VDD =15V, VOUT = 13.5V 425°C poe | 24 | 
(Extn ee ee ie Re 


(Excluding pins 9 & 10) 


Input Voltage Low VIL VDD = 10V, VOH > 9V, +25°C, +125°C, 
VOL <1V -55°C 

Input Voltage High VIH VDD = 10V, VOH > 9V, +25°C, +125°C, +7 
VOL < 1V -55°C 


Drive Current at Pin 9 lOL ‘= 5V, VO = 
Oscillator Design ~ 10V, VO =.5V 


<i< 
0O;9O 
O};oO 

I 
oi 
< 
< 
Oo 

1 
> 
< 


< 
O 
1 
on 
< 


<[< 
c/o 
oi Ee) 
“ogi 
Zla 
<|< 


Drive Current at Pin 9 
Oscillator Design 


= 10V 2 


= 15V 


TPHL1 = 10V 
Input Pulse af to Q4 ~  TPLH1 — 15V 
Propagation Delay TPHL2 = 10V 
Propagation Delay TPHL3 =10V 

~ | Transition Time = 10V 
Frequency = 15V 


Minimum RESET Pulse 
Width 


_ 
oo 


<j<j< 
O;O/;90 
oO; O;0 


<j<j<i< 
O;oO10;9 
O;oO;o0];0 


cz 


<i<i<|<i< 
O!/oO/oO;oO;/O 
O;O;O;O];0 


= 
ae 


= 10V 
= 15V 


<j< 
O;0O 
O;Oo 


Minimum Input Pulse 
Width 
F = 100kHz 


= 10V 

= 15V 

,»CX = 10pF 
= 10V, CX = 50pF 

VDD = 15V, CX = 10pF 


RC Operation RX Max 


< 
oO 
Oo 
oOo 
< 
QO 
x< 


: 
Oo 
oO 


RC Operation CX Max 


Q) 
x< 
< 
Oo 
O 
a 
< 
\ 
an 
=) 
S 
x 
+e) 
ed 
=) 
S 
= 
nl 


= 10V, RX = 300kQ 
= 15V, RX = 300kQ 


Maximum Oscillator RX = 5kQ: | VDD = 10V 
Frequency (Note 4) CX = 15pF — 15V 


RC Operation Variation | CX = 200pF {VDD = 5V 
of Frequency RS = 560K" = 10V 
(Unit-to-Unit) RX = 50k . 2 

= 15V 


5V to 10V 
10V to 15V 


2 
TY] TT 


: < =< < =I 
0o;O;0 
O;O;o0 


x 
<- 
N 


< ; 


Variation of Frequency 
with Voltage Change 
(Same Unit) 


CX = 200pF 
RS = 560K 
RX = 50k 


< 
e) 
Oo 
" 
a 
< 
nD 
an 
fo] 
.?) 


<j< < <i< 
O;oO \s) O;O 
O;O 8 oO; oO 


zx 
= 
N 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


, LIMITS 
PARAMETER as CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


NOTES: | | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns.. 
4. RC Oscillator applications are not recommended at supply voltages below 7V for RX < 50kQ. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER —_| SYMBOL ee NOTES |TEMPERATURE| MIN | MAX | UNITS 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10HA | sasec | 28 | 02 | 


N Threshold Voltage AVTN' | VDD = 10V, ISS =-10pA +25°C 
Delta 
2 


P Threshold Voltage VPTH | VSS =OV,IDD = 10pA +25°C 


JID = Ee 02 
P Threshold Voltage AVTP |VSS=OV,IDD = 10pA +25°C 
Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND VDDe [ee 
Propagation Delay Time TPHL | VDD=5V +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


TABLE 5. BURN-IN.AND LIFE TEST DELTA PARAMETERS +25°C. . 


Supp Gurent-msiz | oo feta 


TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | , 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bum-In) 100% 5004 IDD, 10L5, IOH5A 
Interim Test 1 (Post Burn-In) 100% 5004 IDD, IOL5, IOHSA 


f POAWoet) «4d? tom soe | Seas 
[ POAWoet) _——~—«d?~ tom soe | Dems 
Fraten_———~*dzCtom soos | CAO «d|SCCCSC~C~S~SCS 
[seu | Sampo soos | 4.2,,7.0n,08,010 | 
i oe se a es 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


GroupD =——ss—s—s—sSsdYsSs Sample 5005 1, 2, 3, 8A, 8B, 9 [Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
D DR RD 
MIL-STD-883 _ TEST READ AND RECO 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


SaicourintNowt [1-7.0,10,0-16] ernie |e [id 
[Satoburin2Noet [1-7,0,10,49-15) | mae [+ sid 
preemnneet[ — [ae [# [renee 
radetntow2 [rv aiow| oe _| awe | _—*i| id 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 10V + 
0.5V | 
Logic Diagram 
0 (9 a ‘ 


TABLE 7. TOTAL DOSE IRRADIATION 


g 
. 2 
A)© 
\ / 
\7 
Y 
a 
nm 
“ 2 
: 
z 
ba 9 | 
|* 2 
OE nes 


RESET (12) 


> 


: Y 
call 
Ty 3 
it 7 
2—< 


Q4-Q10 
Q12, Q13 


“R = HIGH DOMINATES (RESETS ALL STAGES) _ i | | 
Seis SI col 
**COUNTER ADVANCES ONE BINARY COUNT : NETWORK 
ON EACH NEGATIVE - GOING TRANSITION . 
OF sl (AND 60) 7 5 
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Typical Performance Curves 


So J 
E E -TO-SOURCE VOLTAGE 
[oat — 
ra S 
3 B 2a 
d ( Aa a 
B id 
3 é aan 
: : mi aoe 
: ae ae 
0 5 10 15 0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 1. TYPICAL N-CHANNEL OUTPUT LOW SINK FIGURE 2. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 15 -10 s 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V = 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 3. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) FIGURE 4. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


= 
a 
o 


SUPPLY VOLTAGE (VDD) = 5V 


SUPPLY VOLTAGE (VDD) =5V _ 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
on 2 
o oS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


i=) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 5. TYPICAL PROPAGATION DELAY TIME (QN TO FIGURE 6. TYPICAL PROPAGATION DELAY TIME (01 TO Q4 
QN+1) AS A FUNCTION OF LOAD CAPACITANCE OUTPUT) AS A FUNCTION OF LOAD 


CAPACITANCE 
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Typical Performance Curves (Continued) 


40° 
| AMBIENT TEMPERATURE (Tg) = 425°C a S 8— AMBIENT TEMPERATURE (Ta) = +25°C 
ze a | 
= ay 2 
z 2 
= 200 4 
zi ES 
eS SUPPLY VOLTAGE (VDD) = 5V a 2 
uw 150 B 3 
ae aT 25 10°, 
- ec 6 
5 don ; af. 
= 2 | 
2 — a ce © 102 LOAD CAPACITANCE 
< 8 | 
= | eT bob - sees ee 
i > ; mnt CL = 15pF_ 
=. . 10 
0 20 “40 2.468 2468 2 4682 468.2 468 , 
_ LOAD chbacriice (CL) in 0.1 1 10 107 —s«10 10 
wae hi ey INPUT FREQUENCY (fol) (kHz) 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A 
LOAD CAPACITANCE | FUNCTION OF INPUT FREQUENCY 
Test Circuits 
VDD 
500uF op 
CE 
CL kl 6} CL Ss 
CL | 2 15) CL - 
CL a 14) CL 
cL = = 
CL a 7 
‘CL. = 
= oe 
PULSE 
O Oo Te 2ZBXCX 
FIGURE 9. DYNAMIC POWER DISSIPATION TEST CIRCUIT | FIGURE 10. TYPICAL RC CIRCUIT 
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Test Circuits (Continued) 


Eee ree? 


i ha NOTE: 
7 CXTAL = C1 + C2 + CSTRAY 
RC = Broader frequency 
sponse 


RS = Current limiting 


_ FIGURE 11. TYPICAL CRYSTAL CIRCUIT 
Chip Dimensions and Pad Layout 
10 60 PD) 30 SD. 1D. BP 289100 198 


94- 
90 —B Bie Ese 


| 


| 8 | 
Aiea 


20-— a) 
10-25 O 
= i Oo 
0 wall 


@ =/() : 
0.102-0.254) | 
105-113 
(2-667-2.870 


Dimension in parenthesis are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kKA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 | | ——- CMOS 4-Bit Magnitude Comparator 
Features Pinout © 
¢ High Voltage Type (20V Rating) _ CD4063BMS 
TOP VIEW 


e Expansion to 8, 12, 16...4N Bits by Cascading Units 


¢ Medium Speed Operation = Talon 
- Compares Two 4-Bit Words in 250ns (Typ.) at 10V es 


(A <B)IN{2| 45] A3 
100% Tested for Quiescent Current at 20V 


‘i ie = (A=B)IN [3] B2 
e Standardized Symmetrical Output aracterist ia (A>B) IN [4] 13] A2 
e 5V, 10V and 15V Parametric Ratings (A>B) out [5| 12] At 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 

age Temperature Range; 100nA at 18V and +25°C (A= B) OUT [6 anes 
(A <B) OUT 10} AO 

Noise Margin (Full Package Dee ara Range) 

- 1Vat VDD =5V vss | 8| |9] BO 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

e Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Secncaions for Description of | Functional Diagram 
‘B’ Series CMOS Devices” 


Applications WORD A 


e Servo Motor Controls 


¢ Process Controllers | A>B 


“CASCADING A=B 
Description 7 __ INPUTS 


CD4063BMS is a 4-bit magnitude comparator designed for use 

in computer and logic applications that require the comparison of | 

two 4-bit words. This logic circuit determines whether one 4-bit WORD B 
word (Binary or BCD) is “less than”, “equal to”, or “greater than” a 

second 4-bit word. 


The CD4063BMS has eight comparing inputs (A3, B3, through 
AO, BO), three outputs (A < B, A = B, A> B) and three cascading 
inputs (A < B, A = B, A > B) that permit systems designers to 
expand the comparator function to 8, 12, 16... 4N bits. When a 
single CD4063BMS is used, the cascading inputs are connected 
as follows: (A < B) = low, (A = B) = high, (A > B) = low. 


For words longer than 4 bits, CD4063BMS devices may be cas- 
caded by connecting the outputs of the less significant compara- 
tor to the corresponding cascading inputs of the more significant 
comparator. Cascading inputs (A < B, A = B, and A > B) on the 
least significant comparator are connected to a low, a high, anda 
low level, respectively. 


The CD4063BMS is supplied in these 16 lead outline pack- 
ages: 
Braze Seal DIP H4T 


Frit Seal DIP HiE 
Ceramic Flatpack H6W 


A>B 
A=zB 


A<B A<B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3318 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 


DC Input Current, Any One Input............ 0. cee ec eee +10mA 


Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ................ Bin 8 
Ceramic DIP Package............. 80°C/W 20C/W 
Flatpack Package ............204- 20°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWwW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 


Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 
VIN = VDD or GND 


VIN = 


VDD = 10V, VOUT = 0.5V 
VDD = 15V, VOUT = 1.5V 
IOH5A |VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 
VDD = 10V, VOUT = 9.5V 


Output Current (Source)}| IOH15 [VDD = 15V, VOUT = 13.5V 
N Threshold Voltage ' VNTH_ [VDD = 10V, ISS = -10p1A 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 


= 3V, VIN = 


VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VIL VDD = 15V, VOH > 13.5V, 


VIH VDD = 15V, VOH > 13.5V, 


NOTES: 


1. All voltages referenced to device GND. 100% testing being implemented 


2. Go/No Go test with limit applied to inputs 


VDD = 20 


TEMPERATURE 
+25°C 
+125°C 

-55°C | 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
5°C, +125°C, -55° 
5°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 

-55°C 
+25°C, +125°C, -55° 


U 


= 
w” 


i 


100 


BLL LL lalelal: [|e 


© 


pA 
nA 
nA 
nA 
nA 
nA 
nA 


ne 
3S|sd 


14 


fo 


1 


ae ae 
re 
aan ee 
en Saal 
1.23 | 
23 | . 
ere 

ee . 
ae eae 
ae 
pa 
ad 
Peat 
ae ee 
a i 


1.4 


000 
Eo 
7 |e 


VOL < 
VDD/2 


fo) _ 
N . 


VDD/2 


© 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


3. For accuracy, voltage is measured differentially to VDD. Limit 
is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[ssn [enna] cE |i remnaar | oe 
Propagation Delay Com- | TPHL VDD = 5V, VIN = VDD or GND ee ee ee 
| Cascade Input to Output TPLH 

VDD = SV, VIN = VDD or GND 


+125°C, -55°C 
NOTES: 


+25°C 
+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K; input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


SYMBOL ‘CONDITIONS 


VDD = 5V, VIN = VDD or GND 


TEMPERATURE 
-55°C,.+25°C 
+125°C 
-55°C, +25°C 
*+125°C 
VDD = 15V, VIN = VDD or GND 1,2 -55°C, +25°C 
+125°C 
+25°C, +125°C, 


NOTES UNITS 


VDD = 10V, VIN = VDD or GND 


Se AAE 
©) 


Output Voltage VOL | VDD =5V, No Load 


Output Voltage VOL VDD = 10V, No Load 1,2 +25°C, +125°C, 
. -55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
_ 55°C 


+125°C — 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


Output Voltage VOH VDD = 5V, No Load 4.95 


Output Voltage VOH_ | VDD = 10V, No Load 


Output Current (Sink) IOL5 =| VDD =5V, VOUT =0.4V | 


3 
> 


Output Current (Sink) - 1OL10 


3 
> 


VDD = 10V, VOUT = 0.5V 


3 
> 


Output Current (Sink) IOL15 | VDD =15V, VOUT = 1.5V 


3 
> 


3 


Plelefefefelelel Ld ed PPE 


Output Current (Source) VDD = 5V, VOUT = 4.6V 


= 
> 


> 


Output Current (Source) IOH5B:- ~=| VDD = 5V, VOUT = 2.5V -1.15 mA 


3 


Output Current (Source) VDD = 10V, VOUT = 9.5V 


>| >|> 


Output Current (Source) | VDD =15V, VOUT = 13.5V. -2.4 mA 


mA 


+ 
ho 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 
Input Voltage Low VIL | VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
| 1V -55°C 
Input Voltage High VIH_ | VDD = 10V, VOH > 9V, VOL < 425°C, +125°C, 
1V -55°C 


Propagation Delay TPHL1 | VDD =10V +25°C 
Comparator Input to Output} TPLH1 VDD = 15V 425°C 
Propagation Delay TPHL2 {VDD =10V +25°C 


L 

H 
Cascade Input to Output | TPLH2 VDD = 15V 425°C 
Transition Time TTHL |VDD=10V 25°C 
ed VDD = 15V +25°C 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K; input TR, TF < 20ns 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


P Threshold Voltage AVPTH {VSS = OV, IDD = 10pA 
Delta 


Functional VDD = 18V, VIN = VDD or GND VOH > 
VDD = 3V, VIN = VDD or GND vee 


NOTES: 
1. All voltages referenced to device GND. 
2. VDD = 5V, CL = 50pF, RL = 200K; input TR, TF = 20ns 
3. See Table 2 for +25°C limit. 
4. Read and record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


+ 20% x Pre-Test Reading 
IOH5SA |+20%x Pre-Test Reading 


Output Current (Source) 
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. TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
Initial Test (Pre Burn-In) 100% 5004 IDD,|OL5,1OHSA. | 


50 
poate) _——*«?~—t0omsoe | Cotas PCSCSCSC~*d; 
100% 5004 

Fratet ———~S~*sdSC soe PSCS 
fGoua —~*d?CSarmpio soos [a7 emeBe 01 | 
ee ee ee 


1, 2, 3, 8A, 8B, 9 
NOTE: 5% parametric, 3% functional; cumulative for static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| | TEST _ READ AND RECORD 
CONFORMANCE GROUPS METHOD PREIRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 6008 Table 4 1, 9, Deltas Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 4 5-7 1, 2, 4, 8-15 
Note 1 . 
Static Burn-In 2 5-7 
Note 1 . 
13 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD | 
= 10V + 0.5V 


‘AA AS AG AT AB AQ AiO Alt 


VDD 


| (A<B) OUT 


- [oxseour 


BO Bi B2 BS B4 BS B6 B7 BS B9 BIOBT1 
tP TOTAL = tP (COMPARE INPUTS) + 2 x tP (CASCADE INPUTS), AT VDD = 10V 
(3 STAGES) 
= 250 + (2 x 200) = 650ns (TYP.) 


FIGURE 1. TYPICAL SPEED CHARACTERISTICS OF A 12-BIT COMPARATOR 
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Logic Diagram 


wewewew ewe wee wm ew mene eewreweo ewe een en www wewewe- = 


BR SR Se Bel 


m Gas 


COMPARING 
INPUTS 


i] 
pag 


(7) (A<B) OUT 


Di> D>] 
oo (=) 


pd >-6) (A=B) OUT 


(A<B)IN@-] >> (FB) 1-1 (5) (A>B) OUT 
CAS e pure | (A>B) n@-| >-———— (A>) I-I ‘- 
(A=B) IN(3) > 41> N 


* ALLINPUTS PROTECTED 
BY THE CMOS 
PROTECTION NETWORK 


INPUT 
TERMINAL 


Big SAI ee Sa RS EV BS Bs! 


VSS 


ee ee Die 


FIGURE 2. LOGIC DIAGRAM 


TRUTH TABLE 
INPUTS 
COMPARING 


X=DontCare  Logici1=HighLevel Logic 0 = Low Level 
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Typical Performance Characteristics 


porparemnecmre  T 


a g 
e 
[ee ec 
: 4 
dl B 
5 5 
é 
0 10 15 . 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN 
CHARACTERISTICS | CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)__ . DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 P 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C 
t t ( < ; ') a t 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 5 GATE-TO-SOURCE VOLTAGE (VGS) =-5V = 
10 = 
ul 
15 & 
3 3 
-20 
a g 
2 § 3 
= pe os 
-30 : 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


PROPAGATION DELAY TIME (tTHL, tTLH) (ns) 


10 20 30 40 50 60 70 80 90 0 825 50 7.5 10.0 125 15.0 17.5 20.0 
LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs SUPPLY 
CAPACITANCE (“COMPARING INPUTS” TO OUTPUTS) VOLTAGE (“COMPARING INPUTS” TO OUTPUTS) 
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Typical Performance Characteristics (Continued) 


104 
AMBIENT TEMPERATURE (Ta) = ase] 


200 c<ccene 

b etek 4. 
7 aS rs 
100 a so 


10° SUPPLY VOLTAGE (VDD) = 15V 
LOAD CAPACITANCE (CL) = 50p 


10 


POWER DISSIPATION PER GATE (PD) (uW) 
wd 
oO 


, TRANSITION TIME (tTHL, tTLH) (ns) 


INOS 


Ca 
COA 


FIGURE 9. TYPICAL TRANSITION TIME vs LOAD CAPACITANCE FIGURE 10. TYPICAL POWER DISSIPATION vs FREQUENCY 


Chip Dimensions and Pad Layout 


— = = * 


nos (0. 102-0. 254) 


ry 
| 956-2" 159) “| 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane. 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 


For Transmission or Multiplexing of Analog or Digital 
Signals 


High Voltage Types (20V Rating) 
15V Digital or +7.5V Peak-to-Peak Switching 
125Q Typical On-State Resistance for 15V Operation 


Switch On-State Resistance Matched to Within 5Q 
Over 15V Signal Input Range 


On-State Resistance Flat Over Full Peak-to-Peak Sig- 
nal Range 


High On/Off Output Voltage Ratio 
- 80dB Typ. at FIS = 10kHz, RL = 1kQ 


High Degree of Linearity: <0.5% Distortion Typ. at 
FIS = 1kHz, VIS = 5Vp-p, VDD - VSS 2 10V, RL = 10kQ 


Extremely Low Off-State Switch Leakage Resulting In 
Very Low Offset Current and High Effective Off-State 
Resistance: 10pA Typ. at VDD - VSS = 10V, Tag = +25°C 


Extremely High Control Input Impedance (Control Cir- 
cult Isolated from Signal Circuit): 10'2Q Typ. 


Low Crosstalk Between Switches: -50dB Typ. at FIS = 
8MHz, RL = 1kQ 


Matched Control input to Signal Output 
Capacitance: Reduces Output Signal Transients | 


Frequency Response, Switch on = 40MHz (Typ.) 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings. 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
“B” Series CMOS Devices” 


Applications 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Analog Signal Switching/Multiplexing 

- Signal Gating - Modulator 

- Squeich Control - Demodulator | 
- Chopper - Commutating Switch 


Digital Signal Switching/Multiplexing 
Transmission Gate Logic Implementation 
Analog to Digital & Digital to Analog Conversion 


Digital Control of Frequency, impedance, Phase, and 
Analog Signal Gain 


CD4066BMS 


CMOS Quad Bilateral Switch 


Description 


CD4066BMS is a quad bilateral switch intended for the 
transmission or multiplexing of analog or digital signals. It is 
pin for pin compatible with CD4016B, but exhibits a much 
lower on state resistance. In addition, the on-state resistance 
is relatively constant over the full input signal range. 


The CD4066BMS consists of four independent bilateral 
switches. A single control signal is required per switch. Both 
the p and the n device in a given switch are biased on or off 
simultaneously by the control signal. As shown in Figure 1, 
the well of the n channel device on each switch is either tied 
to the input when the switch is on or to VSS when the switch 
is off. This configuration eliminates the variation of the switch 
transistor threshold voltage with input signal, and thus keeps 
the on-state resistance low over the full operating signal 
range. 


The advantages over single channel switches include peak 
input signal voltage swings equal to the full supply voltage, 
and more constant on-state impedance over the input signal 
range. For sample and hold applications, however, the 
CD4016B is recommended. 


The CD4066BMS is supplied in these 14-lead outline pack- 


ages: 
Braze SealDIP H4Q > 
Frit Seal DIP HiB 


Ceramic Flatpack H3W 


Pinout 


CD4066BMS 
TOP VIEW 


IN/OUT A [ 1] 
OUTIN A | 2! 
OUTAN B[3) 
IN/OUT B | 4] 
CONT B[5. 
CONT C|6. 
vss 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia 0. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V Flatpack Package ...............-. 70°CW 20°C/W 

DC Input Current, Any One Input........ 0... . cece eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mWw 

_ Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mMW/°C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature... ..... ccc ccc ewe cee cence eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND i. a. 
5°C 


VC = VDD or GND 
-55°C 


a ae 
VC = VDD or GND a aa +25°C 
C 


ae 

TEMPERATURE 
+25°C 
+125°C 


PARAMETER 


Supply Current 


tc 
Q 


Input Leakage Current 25°C 


+12 


Input Leakage Current 


Input/Output Leakage 
Current (Switch OFF) 


On Resistance 
VIS = VSS to VDD 
+125°C 


a ae 
ee 
Ee 
ae 
_|On Resistance VDD = 5V 
On Resistance RON10 |VDD=10V +125°C 
a 
a ae 
eA 
| 


a 
a 
[7300 
550 
[220 | 
220 | 


VOH > | VOL < 
VDD/2 | VDD/2 


+125°C 


IOZL VC = OV, VIS=18V, |VDD=20 +25°C 
oa 05° 
VDD = 18V -55°C 
VDD = 20 
VDD = 18V 
returned to VDD - 


-55°C 


VC = VDD, RL= 10kKW }VDD = 5V +25° 
+25°C 


+25°C 
VDD = 15V +25°C 


oo 
So 
>) 


> _ 
ceil PSHE FEBS 


On Resistance VDD = 15V +125°C 
55°C 
CE VDD = 2.8V, VIN = VDD or GND 


< 


+25°C 
+125°C 
-55°C 


+25°C 

Switch Threshold [sures [oo =v, vo=tsv.v=eN0 | 1.23 +25°C, +125°C, -55° 
a 
ae 


2) 
> 


ca 


© 


aes 


rae 


N Threshold Voltage VNTH- }VDD = 10V, ISS = -10pA +25°C 
P Threshold Voltage VPTH |VSS = OV, IDD = 10pA +25°C 


sete aT aT 


© 
N 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| : | | Limits | 
| GROUP A | 
PARAMETER | SYMBOL CONDITIONS (NOTE 1). _|SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Control Input Low : -VILC5 - |VDD =5V pa 425°C, +125°C, -55°C Poe fot] ve 


vanoas (ole =) vitcis [VDD = 15v 


ISI < 10a, VIS = VSS, 
VOS = VDD and 
VIS = VDD, VOS = VSS 
Control Input High VIHC VDD = 5V, IIIS] = .51mA, 4.6V < 1 +25°C 
VOS < 0.4V 
VDD = 5V, IIIS] = .36mA, 4.6V < 
VOS < 0.4V 
~ IVDD = 5V, IIIS] = .64mA, 4.6V < . 
VOS <0.4V 
VIHC VDD = 15V, ISI = 3.4mA, 13.5V < +25°C 
VOS <1.5V 


Voltage 
(Note 2, Figure 2) 

VDD = 15V, IIIS!| = 2.4mA, 13.5V < 
VOS < 1.5V 


VIS = VSS and VIS = 
VDD 

VDD = 15V, IliSI = 4.2mA, 13.5V < 
VOS <1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. VDD =2.8V/3.0V, RL = 100K to VDD 
implemented. VDD = 20V/18V, RL = 10K to VDD’ 
2. Go/No Go test with limits applied to inputs. 


TABLE 2. AC ELECTRICAL PERFORMANCE:CHARACTERISTICS 


7 GROUP A’ 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Propagation Delay TPLH |VC=VDD=5V,VSS=GND | 9 | +25c | - | 40 | 
Signal Input to Signal TPHL | (Notes 2, 3) 10, 11 +125°C, -55°C ie 
ce 
ae ee 


LIMITS 


Output 


Propagation Delay TPHZ/ZH |VIS=VDD=5V(Notes1,2) | 9 | 425°C 
Turn-On, Turn-Off | TPLZ/ZL | 10, 11 +125°C, -55°C 


NOTES: . 
1. CL=50pF, RL = 1K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE 
Supply Current 7 VDD = SV, VIN = VDD or GND -55°C, +25°C 


LIMITS 


UNITS | 


wa 

ozs | aa 
os | ua 
1s | aa 
Tos [oa 
30 | ua 


+125°C 


MIN | 

cee 

ee 

VDD = 10V, VIN = VDD or GND | 85°C, 425°C | - 
eee re 
se 

pol 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 


+125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Control Input Low VILC10 | VDD = 10V +25°C, +125°C, 

Voltage ~ --55°C 

IIS! < 10pa, VIS = VSS, 

VOS = VDD and | 

VIS = VDD, VOS = VSS 
Control input High VIHC10 | VDD = 10V, VIS = VDD or GND +25°C, +125°C, 7 V 
Voltage (See Figure 2) -55°C . 


Signal Input to TPHL ~ 75 


Turn-On, Turn-Off TPLZ/ZL VDD = 15V 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP | VSS =OV, IDD = 10pA 
Delta 


Functional VDD = 18V, VIN = VDD or GND VOL < 
VDD = 3V, VIN = VDD or GND VOD/2 


Propagation Delay Time 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT _ 


Se a Es 
| ON Resistance RONDEL10 |+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
CONFORMANCE GROUP | METHOD GROUP A SUBGROUPS READ ANDRECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA, RONDEL10 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) - 


PDA (Note 1) 
Final Test 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


‘TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
~ CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD ' PRE-IRRAD : POST-IRRAD 
Groupe Subgroup? [soos [47.9 | tees [40 | ‘Taboa 


_. TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS Loe 


Oo ) OSCILLATOR 
FUNCTION, __VdD Ove-O5V | S0kHz | 25kKHz 


Saicbumnt Now) | 288,10 | neat | || ——SSsidY SSS 
Siaicbumin2 Now) | 289,10 | 7  [ueeanem] | id 
[7 | 4 | ase | seme | naan | 
_ 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10Vt0.5 | eft. | te ees | De a ae tee 


Functional Diagram — 


TRUTH TABLE EACHSWITCH sity 
INPUT OUTPUT 


a 
a 
a 


Positive Logic: Switch ON VC = “1” 
Switch OFF VC = “0” 
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CD4066BMS 


Schematic 


SWITCH 


CONTROL 7 IN 


CONTROL 


SIGNAL LEVEL RANGE: 
VSS < VIS s VDD 


NORMAL OPERATION CONTROL 
LINE BIASING: 

SWITCH ON, VC “I” = VOD VDD 
SWITCH OFF, VC “O” = VSS 


* ALL CONTROL INPUTS ARE 


PROTECTED BY THE CMOS 

PROTECTION NETWORK 
NOTE: VSS 
All “P” Substrates 
Connected to VDD 


FIGURE 1. SCHEMATIC DIAGRAM OF 1 OF 4 IDENTICAL SWITCHES AND ITS ASSOCIATED CONTROL CIRCUITRY 


viS VOS 


IVIS - VOSI 
st 


RON = 


FIGURE 2. DETERMINATION OF RON AS A TEST CONDITION 
FOR CONTROL INPUT HIGH VOLTAGE (VIHC) 


SPECIFICATION 
cios 

oe |}------------ ; MEASURED ON BOONTON 
‘ VC=-5V VDD24+5V MODEL 75A IMIG) 
iY 6 i" a 
: ‘ TEST FIXTURE CAPACITANCE 
‘ ‘ NULLED OUT 
‘ 8 


i cCD4066BMS 
1 OF 4 SWITCHES 


-tlf--3h---- 


vC= VDD VDD 


| cD4066BMS 
4 OF 4 SWITCHES 


VDD wa Ns, vss 4 


tr=tf=20ns 


ALL UNUSED INPUTS 
ARE CONNECTED TO VSS 


VOS 


FIGURE 6. PROPAGATION DELAY TIME SIGNAL INPUT (VIS) 
TO SIGNAL OUTPUT (VOS) | 


KEITHLY 160 DIGITAL 


bra MULTIMETER 


10kQ 


xy HP 
MOSELEY 
vss PLOTTER | 70304 


FIGURE 3. CHANNEL ON-STATE RESISTANCE MEASURE- 
MENT CIRCUIT 


VC zVSS VOD 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


FIGURE 5. OFF SWITCH INPUT OR OUTPUT LEAKAGE 


+10V 7 \ vc VDD 


| tr =tf= 20ns 
1 cpD4oeeBms | 
1 OF 4 SWITCHES | 


FIGURE 7. CROSSTALK CONTROL INPUT TO SIGNAL OUTPUT 


ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 


VIS vos 
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LOGIC 


CD4066BMS 


VOD alt UNUSED TERMINALS 
ARE CONNECTED TO VSS 


Vos 


— wae = VDD 


tr=tf=20ns 
CD4066BMS 
1 OF 4 SWITCHES 


VDD 
FIGURE 8. PROPAGATION DELAY TPLH, TPHL CONTROL 
SIGNAL OUTPUT. DELAY IS MEASURED AT VOS 
_ LEVEL OF +10% FROM GROUND (TURN ON) OR 
ON-STATE OUTPUT LEVEL (TURN OFF). 


S) 


SIGNALS 


INPUTS CHANNEL 1 


CHANNEL 2 
CHANNEL 3 
CHANNEL 4 


©) ® © &-@ 
oO 


PACKAGE COUNT | 10K 
2-CD4001B 
1 -CD4049B 

3 - CD4066BMS 
2-CD4018B 


CLOCK ———— VDD 
MAX. ALLOWABLE 30% (VDD - VSS) 
SIGNAL LEVEL 


|cHAN. 1 |CHAN. 2| CHAN. 3|CHAN. 4| a 


tr= tf = 20ns 
—1 
vos 90% 
——Q 
zone] fio - 
20ns 


“8 ALL UNUSED INPUTS 
+10V 7 \_ vc VDD = +10V. ARE CONNECTED TO VSS 


tr=tfx 20ns 
VIS = +10V 


VOS = '/,VOS 


FIGURE 9. MAXIMUM ALLOWABLE CONTROL INPUT REPETI- 
a - TION RATE 


SIGNALS 
OUTPUTS 


6) CHANNEL 1, 


10K 


45) m CHANNEL 2, 
| 10k 


, (3) CHANNEL 3. 
10K 


9 a LPF | CHANNEL 4. 


10K 


FIGURE 10. 4 CHANNEL PAM MULTIPLEX SYSTEM DIAGRAM > 
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CD4066BMS 


a 
| | ANALOG INPUTS (45V) 
5 | ; | VDD=+5V 


DIGITAL 
CONTROL 
INPUTS 


VSS = 0V 
VEE =-5V ANALOG OUTPUTS (+5V) VSS = -5V 


FIGURE 11. BIDIRECTIONAL SIGNAL TRANSMISSION VIA DIGITAL CONTROL LOGIC 


Typical Performance Characteristics 


AMBIENT TEMPERATURE 
(Ta) = +125°C AMBIENT TEMPERATURE 


& (Ta) = +125°C 


CHANNEL ON-STATE RESISTANCE (RON) (2) 
CHANNEL ON-STATE RESISTANCE (RON) (Q) 


INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 12. TYPICAL ON-STATE RESISTANCE vs INPUT FIGURE 13. TYPICAL ON-STATE vs INPUT SIGNAL VOLTAGE 
SIGNAL VOLTAGE (ALL TYPES) (ALL TYPES). 


SUPPLY VOLTAGE (VDD - VSS) = 5V 


ae 
hohe tontae 


| aes 48: 


CHANNEL ON-STATE RESISTANCE (RON) (Q) 


CHANNEL ON-STATE RESISTANCE (RON) (Q) 


-10.0 -7.5 -50 -25 0 25 50 7.5 10.0 “10.0 -7.5 -5.0 -2.5 25 50 7.5 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 14. TYPICAL ON-STATE RESISTANCE vs INPUT FIGURE 15. ON-STATE RESISTANCE vs INPUT SIGNAL 
SIGNAL VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 
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CD4066BMS 
Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
3 | VDD = 2.5V, VSS = -2.5V. 
INPUT = TERM 1, OUTPUT = TERM 24 


o 
e 1 
br 10 
G 
x lp , 
S 0 \ . VOD 
- 
_ 
a 
po ] 
ro) 
2 KZ) 
3 -2 1 86060 1 2 3 4 
INPUT VOLTAGE (VI) (V) 
FIGURE 16. TYPICAL ON CHARACTERISTICS FOR 1 OF 4 
CHANNELS 


Chip Dimensions and Pad Layout 


o-_=—= 


POWER DISSIPATION PER PACKAGE (PD) 


4-10. 
/s (0.102-0.254) 
6 


‘104 


(uW) 


10 


10? 
| SWITCHING FREQUENCY (f) (kHz) 
FIGURE 17. POWER DISSIPATION PER PACKAGE vs 
SWITCHING FREQUENCY: 


9-77 
(1-753-1.956) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


Special Considerations 


In applications that employ separate power sources to drive 
VDD and the signal inputs, the VDD current capability 
should exceed VDD/RL (RL = effective external load of the 
four CD4066B bilateral switches). This provision avoids any 
permanent current flow or clamp action on the VDD supply 
when power is applied or removed from the CD4066B.. 


In certain applications, the external load-resistor current may 
include both VDD and signal line components. To avoid 
drawing VDD current when switch current flows into termi- 
nals 1, 4, 8 or 11 the voltage drop across the bidirectional 
switch must not exceed 0.8 volts (calculated from RON val- 
ues shown). * 4 


No VDD current will flow through RL if the switch current 
flows into terminals 2, 3, 9, or 10. | 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4067BMS 
CD4097BMS 


CMOS Analog 


FARRIS 


SEMICONDUCTOR 


HH 


December 1992 Multiplexers/Demultiplexers 
Features Pinout 
e High Voltage Types (20V Rating) | CD4067BMS 
TOP VIEW 


e CD4067BMS Single 16 Channel Multiplexer/Demultiplexer 


e CD4097BMS Differential 8 Channel Multiplexer/Demulti- | 


plexer 


e Low ON Resistance: 1252 (typ) Over eee Signal 
Input Range for VDD - VSS = 15V 


High OFF Resistance: Channel Leakage of +10pA (typ) 
at VDD - VSS = 18V 


Matched Switch Characteristics: RON = 5Q (typ) for 
VDD - VSS = 15V 

Very Low Quiescent Power Dissipation Under All Digi- 
tal Control Input and Supply Conditions: 0. 2uW (typ) 
at VDD - VSS = 10V 


Binary Address Decoding on Chip 


COMMON OUTIN L1 


° 5V, 10V and 15V Parametric Ratings eames 3 11 c 
e 100% Tested for Quiescent Current at 20V iwout  ¥SS Le 13} D 
e¢ Maximum Input Current of 1A at 18V Over Full Pack- 

age Temperature Range; 100nA at 18V and +25°C 
e¢ Standardized Symmetrical Output Characteristics 
Applications 
¢ Analog and Digital Multiplexing and Demultiplexing ee ean 
e A/D and D/A Conversion oO 
e Signal Gating S 
* When these devices are used as demultiplexers the “CHANNEL a ra 24] VDD - 

IN/OUT” terminals are the outputs and the “COMMON OUT/IN" ter- 7[2! 0 

minals are the inputs. . 

| | 6 L3. 22] 1 
Description | 5 14. Ol aca guiee: 
CD4067BMS and CD4097BMS CMOS analog multiplexers/ CHANNELX 2 4LE  (batahaald 
demultiplexers* are digitally controlled analog switches having IN/OUT | 3 [6 19] 4 
low ON Impedance, low OFF leakage current, and intemal 2 18] 5 
address decoding. In addition, the ON resistance is relatively 1/8] 47 Co 
constant over the full input-signal range. oe 
oe 9 EY 6 Y CHANNEL 

The CD4067BMS is a 16 channel multiplexer with four binary Alto 45|7 J) IN/OUT 
control inputs, A, B, C, D and an inhibit input, arranged so that Blt Hal c 
any combination of the inputs selects one switch. vss fra INHIBIT 


The CD4097BMS is a differential 8 channel multiplexer having 
three binary control inputs A, B, C and an inhibit input. The inputs 
permit selection of one of eight pairs of switches. A logic “1” 
present at the inhibit input turns all channels off. 


The CD4067BMS and CD4097BMS are supplied in these 24 
lead outline packages: 


Braze Seal DIP *H4V tH6M 
Frit Seal DIP *H1Z THFN 
Ceramic Flatpack *“H4P tH4P 
*CD4067B Only ~CD4097B 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 
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File Number 3190 


"Specifications CD4067BMS, CD4097BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5Vto+20V Thermal Resistance ...............- Bia Bic 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

~ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any.One Input................ cece wees +10mA Maximum Package Power Dissipation (PD) at +125°C | 

Operating Temperature Range........ easnuty te -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H | For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................ . +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1 am + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types). 
10s Maximum — Junction Temperature ........ ccc ee eee eee eee HITEC 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
| iii SYMBOL CONDITIONS (NOTE 1) | SUBGROUPS| TEMPERATURE 


Supply Current bal = VDD = 20V, VIN = VDD or GND +25°C 


+125°C 
N Threshold Voltage | VNTH |VDD = 10V, ISS =-10pA ———} 425 


LIMITS 


MAX JUN 
_ 10 | yA 
| 1000 | 
| 10 | 


zZ 
7) 


10 


Input Leakage Current 


eae: 
a 
ars 


Toso 


=) 


+25 
+125°C 
-55°C 
+25°C © 
+125°C 
-55°C 
+25°C 
+125°C 


VIN = = VDD or GND 


VOD = 20 


Input Leakage Current 


VDD = 5V 
VIS = VSS to VDD 


ON-State Resistance 
RL = 10K Returned to 
VDD - VSS/2 


8 


(>) 


fos] 
[>] 
Oo 


VDD = 10V 
vis = VSS to VDD 


oO 4 
eo) 
io) 


C0 
Eo 


VDD = 15V +25° 


VIS = VSS to VDD 


+125°C 


Cc 
25°C 
-55°C 
C 
25°C 


eo ae 
bee ey 
VIN=VDDorGND |VDD=20 | 1. | 425°C 
pee 


Functional (Note 4) 


+25°C 
+125°C 
-55°C 


VDD = 18V -55° 
vop/2 VDD/2 
VOD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low ee = 5V = VIS Thru 1K 725°C, +125°C, -55°C 
(Note 2) ee = VSS 
Input Voltage High RL = 1K to VSS 425°C, +125°C, -55°C 
(Note 2) lISSI < 2A on all 

OFF Channels 
Input Voltage Low VDD = 15V = VIS Thru 1K +25°C, +125°C, -55°C 
(Note 2) VEE = VSS 
Input Voltage High VIH eo ee +25°C, +125°C, -55°C 
(Note 2) lISSI < 2pA on all 

OFF Channels 


7-976 


Specifications CD4067BMS, CD4097BMS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
| GROUP A | 
PARAMETER |SYMBOL| —CONDITIONS(NOTE1) __|SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Cece | a eee 
Channels OFF +125°C 10 | - | wa. 


(Common OUT/IN) 
er Se 
ie -— ==: 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 4. VDD = 2.8/3.0V, RL = 200K 
VDD = 20V/18V, RL = 10K - 25K 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| 3 LIMITS 
GROUP A | 
PARAMETER _| SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 


(Signal In to Output) TPLH | (Notes 1, 2) 10, 11 +125°C, -55°C i 
Propagation Delay TPZH | VDD =5V, VIN = VDD or GND a ee ee oe 
NOTES: 


ee _ ee pen 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Signal Out. 
(Channel Turning On) 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 

3. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ea|cC 


Supply Current 

z 1 
30 

VDD = 15V, VIN = VDD or GND 

ania 

VDD =VIS=10V +25°C, +125°C, 


VEE =VSS -55°C 


: RL = 1K to VSS 
Input Voltage High VI Tis < 2uA 
ON OFF Channel 


Propagation Delay VDD = 10V 
Address or Inhibit to 

Signal Out. bia 
(Channel Turning On) 


Propagation Delay TPHL |VDD=10V {VIS=VDDor 
TPLH 


27 


G 


Signal In to Output VDD = 15V GND 


Nh 
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Specifications CD4067BMS, CD4097BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) | 


LIMITS 
CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


‘Signal Out | asic 


NOTES: 
1. All voltages referenced to device GND. 


_ 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 10K, Input TR, TF < 20ns. 
5. CL = 50pF, RL = 300Q, Input TR, TF < 20ns. 


‘TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


ae | LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


Supply Current 
N Threshold Voltage VNTH_ | VDD = 10V, ISS = -10pA 


N Threshold Voltage AVTN. | VDD =10V, ISS =-10pA 
Delta 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2, CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 4. Read and Record — 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
ON Resistance RONDEL10 |+20%xPre-Test Reading |. 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 ) 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[Ponwows) =i? soo | CCTs 
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Specifications CD4067BMS, CD4097BMS 
TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 
100% 6004 2,8, 8A, 8B, 10,1 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
. : MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION vop | eve-osv | Soke | 25k: 


TABLE 7. TOTAL DOSE IRRADIATION 


PART NUMBER CD4067BMS 


4 


Dynamic Burn-in Note 1 2 1 2-9, 16-23 10, 11, 13, 14 
(Note 3) 


PART NUMBER CD4097BMS as —— 
ee ee eee ee 
2-11, 13- 16, 
18-24 
24 1,17 2-9, 15,16, 10, 114, 14 
18 - 23 | (Note 4) 
2-11, 13-16, 
18-24 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/water, 0 failures, 
VDD = 10V + 0.5V 


3. Pin 10 is at 14kHz, Pin 11 is at 7kHz, Pin 13 is at 1.7KHz, Pin 14 is at 3.5kKHz 
4. Pin 10 is at 14kHz, Pin 11 is at 7KHz, Pin 14 is at 3.5kHZ 


S 
3 
se) 
3. 
5 
w 
Cc 
3 
=a 
z 
2 
® 
ode 
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CD4067BMS, CD4097BMS 


INHIBIT 
; 1 of 8 DECODERS 


Functional Diagram 


INHIBIT ——> | | 
; 1 of 16 DECODERS 


X 
IN/OUT 
VDD = 24 
VSS = 12 
Y 
VDD=24 VSS=12— . IN/OUT 
CD4067 CD4097 
CD4067 TRUTH TABLE _ CD4097 TRUTH TABLE 


TURN-ON 
TIME tPZH 


FIGURE 2. PROPAGATION DELAY WAVEFORM, CHANNEL 
BEING TURNED OFF, ON 
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CD4067BMS, CD4097BMS 


16 
CHANNEL IN/OUT 


8 7 6 & 4 3 2 4 «0 
OROROROAGCEOGRORORO 


AL 


I~ JIDO07 


COMMON 
OUT/IN 


Oo 


LIGIHNI HLIM SH300030 9} 40 | AYVNIG 


19) 
A 
® 
B 
®) 
c 
® 
D 
® 
INHIBIT 


*ALL INPUTS PROTECTED BY 


CMOS PROTECTION NETWORK 


FIGURE 3. CD4067BMS LOGIC DIAGRAM 
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CD4067BMS, CD4097BMS 


8 
CHANNEL 


8 
CHANNEL 
_ INOQUTY 


4 


IN/OUT X 


3 


OMORORORORS 


7 6 


voD 


2) 


ang 


COMMON 
X OUTAN 
COMMON 
Y OUTAN 


© 


e e 


*ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


LIGIHNI HLIM SH3GO030 8 4O KAWVNIG | @R 


O<@2@e@z 


vss 


FIGURE 4. CD4097BMS LOGIC DIAGRAM 
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CD4067BMS, CD4097BMS 


Typical Performance Characteristics 


CHANNEL ON RESISTANCE (RON) (0) 
CHANNEL ON RESISTANCE (RON) () 


Litt tt ttt 
4 3 #2 ~ «1 0 1 2 3 4 


-10.0 -7.5 50 25 0 25 50 7.5 10.0 


INPUT SIGNAL VOLTAGE (VIS) (V) INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 5. TYPICAL ON RESISTANCE vs INPUT SIGNAL FIGURE 6. TYPICAL ON RESISTANCE vs INPUT SIGNAL 
VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 


600 


500 SUPPLY VOLTAGE (VDD - VSS) = 5V 


/ 


ey 


po 
eo 
oS 


AMBIENT TEMPERATURE 


pe, (Ta) = +125°C 


o 
o 
o 


~» 
oa 
o 


If 
mA 
ee 
— 


CHANNEL ON RESISTANCE (RON) (Q) 
CHANNEL ON RESISTANCE (RON) (Q) 


100 50 oO 
Oo 
0 0 ° 
10.0 -75 50 -25 0 25 5.0 7.5 10.0 10.0 -7.5 50 25 0 25 50 75 10.0 
INPUT SIGNAL VOLTAGE (VIS) (V) | INPUT SIGNAL VOLTAGE (VIS) (V) 
FIGURE 7. TYPICAL ON RESISTANCE vs INPUT SIGNAL FIGURE 8. TYPICAL ON RESISTANCE vs INPUT SIGNAL 
VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES) 
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CD4067BMS, CD4097BMS 


Chip Dimensions and Pad Layouts 


96 -104 
(2.438-2.642) 


ios besa) 25-108. 
———%2.413-2. 


CD4067BMSH 


95-103 
(2.413-2.616) 


ws 7 = — . = | = | 
[+4 - 10 
eee 804 9 04e¢-—~+ 3 : 


CD4097BMSH 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10% inch) 


Special Considerations 


In applications where separate power sources are used to 
drive VDD and the signal inputs, the VDD current capability 
should exceed VDD/RL (RL = effective external load). This 
provision avoids permanent current flow or clamp action on 
the VDD supply when power is applied or removed from the 
CD4067BMS or CD4097BMS. 


When switching from one address to another, some of the 
ON periods of the channels of the multiplexers will overlap 
momentarily, which may be objectionable in certain applica- 
tions. Also when a channel is turned on or off by an address 
input, there is a momentary conductive path from the chan- 
nel to VSS, which will dump some charge from any capacitor 
connected to the input or output of the channel. The inhibit 
input turning on a channel will similarly dump some charge 
to VSS. 


The amount of charge dumped is mostly a function of the 
signal level above VSS. Typically, at VDD - VSS = 10V, a 
100pF capacitor connected to the input or output of the 


channel will lose 3 to 4% of its voltage at the moment the 
channel turns on or off. This loss of voltage is essentially 
independent of the address or inhibit signal transition time, if 
the transition time is less than 1 - 2us. When the inhibit sig- 
nal turns a channel off, there is no charge dumping to VSS. 
Rather, there is a slight rise in the channel voltage level 
(65mV typ.) due to capacitive coupling from inhibit input to 
channel input or output. Address inputs also couple some 
voltage steps onto the channel signal levels. 


In certain applications, the external load resistor current may 
include both VDD and signal-line components. To avoid 
drawing VDD current when switch current flows into the 
transmission gate inputs, the voltage drop across the bidi- 
rectional switch must not exceed 0.8 volt (calculated from 
RON values shown in ELECTRICAL CHARACTERISTICS 
CHART - Table 1). no VDD current will flow through RL if the 
switch current flows into terminal 1 on the CD4067BMS, ter- 
minals 1 and 17 on the CD4097BMS. 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Barris  CD4068BMS 


CMOS 8 Input NAND/AND Gate 


December 1992 
Features | Pinout enageioue 
¢ High Voltage Type (20V Rating) TOP VIEW 
e Medium Speed Operation | 
- TPHL, TPLH = 75ns (Typ.) at VDD = 10V K=A-B-C-D-E-F-G-HL1 14] VDD | 
¢ Buffered Inputs and Outputs Al! Jn A-B-C-D-E-F-G-H 
e 5V, 10V and 15V Parametric Ratings | aE aH 


Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) NC = NO CONNECTION 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Functional Diagram 


90 OW > 


Description 
CD4068BMS NAND/AND gate provides the system designer 


with direct implementation of the positive logic 8 Input NAND and E 

AND functions and supplements the existing family of CMOS F earee 

gates. : G J=A-B-C.D-E-F-G-H 
2A-B-C-D-E-F-G-H 

The CD4068BMS is supplied in these 14 lead outline packages: " See | a 

Braze Seal DIP H4H VDD = 14 


(seen | | _ | a 0 CONNECTION 
Ceramic Flatpack H3W | 7 Sm 


Logic Diagram 
a @+ > 
8 @+4 > 
c @1 > 
0@7> 
F @4 > 
ec @ > 
4 @+ > 


FIGURE 1. LOGIC DIAGRAM 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3320 
Copyright © Harris Corporation 1992 7-985 


Specifications CD4068BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All inputs ........... . -0.5V to VDD +0.5V 
‘DC Input Current, Any One Input......... a ot alten Sa ue +10mA 
Operating Temperature Range.............06. -55°C to +125°C 
Package Types D, F, K, H a 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ............... . +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 
Thermal Resistance ................ Bia 8, 


Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ........ eam 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... cece cece eee e eee ceeecees +175°C 


PARAMETER SYMBOL 


Supply Current 


Input Leakage Current 


Input Leakage Current 


IOL10 {VDD = 10V, VOUT = 0.5V 


Output Current (Source)| IOHSA |VDD = 5V, VOUT = 4.6V 


Input Voltage High VIH 
(Note 2) . 
VIH_ = |VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Tionse |voo=sv,vour=25v 
onto |voo= 1ov, vouT=05v 
OupurGurent(Source)] 1OHIS [vDD= 16v, VOUT= 195V 


VDD = 2.8V, VIN = VDD or GND 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


VIL 
Input Voltage Low VIL [VDD = 15V, VOH > 13.5V, 
VOL <1.5V | 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


'.- CONDITIONS (NOTE 1) 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
HL VIN=VDDorGND- }|VDD=20 
VDD = 18V 
VIN=VDDorGND- {VDD=20 
VDD = 18V 
VOL15 |VDD = 15V, No Load 


VOH15 {VDD = 15V, No Load (Note 3) 
Output Current (Sink) VDD = 5V, VOUT = 0.4V 


| | 
a ee ca 
ee ee ee 
Ee ee ee 
ee ee ee ee 
ee 
2 | stasec [ -to00- |_| 
Ee ee ee 
ee ee ee 
Ee ee ee 
ee ee ee 
| 1,23 [425°C, +125°0, 55°C] - | 50 | mv | 
| _1,2,3 _|+25°C, +125°, -s5°C| 14.95[ - | V_ | 
ee ee ee ee 
ee Oe ee 
ee ee ee 
ee ee ee 
ee ee ee 
a eee ce 
ee ee ee 
a ee eee ee 
a ee eee ae 
VOH>|VOL<| Vv 
ae ee | 
ee 
oe 425°C, +125°C, -55°C Rake 
nee 3 425°C, +125°C, -55°C fiece Gee ae 
ice 425°C, +125°C, -55°C on ee ee 
oe +25°C, +125°C, -55°C ieee 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


_implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


? GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay | TPHL |VDD=5V,VIN=VDDorGND | 9° | +25 | - {| 300 | ns | 
| es | 10,41 | stasec,-ssc | - | 405 | ons 

| 200 | ns 

Ce | 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


! Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 


LIMITS 


llllelelelelelslelelele) fl e] BBB BPE 


UNITS 


“ 
ao 


N 


-55°C, +25°C 
+125°C 


+25°C, +125°C, 
55°C 


+25°C, +125°C, 


Output Voltage VDD = 5V, No Load 425°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


Output Voltage uae VDD = 5V, No Load 
Output Voltage ase VDD = 10V, No Load 


Output Current (Sink) 
Output Current (Sink) 
Output Current (Sink) 
Output Current (Source) | VDD = 5V, aa : 4.6V 

laid inna 
aad 
beeaevanmareaed 


VOH 
VOH 


+125°C 
-55°C 
+125°C 


+125°C 
-55°C 
+125°C 
-55°C - 
—+125°C 
— -BB°C 
— +125°C 
-55°C 
+125°C 
-55°C 


Output Current (Source) 


Output Current (Source) 


Output Current (Source) 


sissies, 
QO 
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Specifications CD4068BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage: Low ae = 10V, VOH > 9V, VOL < +25°C, +1 he 
-55°C 
Input Voltage High = = 10V, VOH > 9V, VOL < peer 


Propagation Delay Boel VDD = 10V | 4238 | 


Transition Time TTHL | VDD=10V 
VDD = 15V 
Input Capacitance | CIN | Any Input 


NOTES: 
1. All voltages jatsrenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL= SOpF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| DD [VDD = 20V, VIN = VDD or GND hee 


N Threshold Voltage ss VDD = 10V, ISS =-10pA | 


N Threshold Voltage AVTN | VDD = 10V, ISS = -10HA = 
Delta . 


+25°C VOH > | VOL < 
VDD/2 } VDD/2 
~ i 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS aan 


. PARAMETER SYMBOL DELTA LIMIT » 
| Supply Current - SSI 


Output Current (Sink) 1OL5 20% x Pre-Test Reading 
Output Current (Source) IOH5A + 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
_ CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


TPoawoet) «doom soo | DemesC 
Fratee ———S—*dCt0m oom | iad SSSCSCS*S 
a 


a a ce See i Raia 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST . 3 READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 1 1, 6, 8, 13 2-5, 7, 9-12 14 
Note 1 


Static Burn-in 2 7 2-5, 9-12, 14 
Note 1 : 
Dynamic Burn- 7 

in Note 1 


Irradiation 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2, Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V : 
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CD4068BMS 
Schematic 


DETAILOF INVERTERS 


INVERTERS 


VSS 


* ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


FIGURE 2. SCHEMATIC DIAGRAM 


7-990 


CD4068BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (T) = +25°C ae 


: | | | 3 
= 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V E 
=< 
fc id 
ec a 
ra} 3 
= 15 = 
wl oad 
10 
5 5 
Bs : 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) wm 
15 10 5 0 -15 -10 O7 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C <q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
. Q 
z 
a 
Cc 
ra} 
0 # 
cc 
rm ] 
B 
<= 
152 Oo 
E o 
aa 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY aa = =5V 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
r=} 
(=) 


0 20 40 60 80 100 80 90 100 
LOAD CAPACITANCE (CL) (pF) ** LOAD CAPACITANCE (cl) (oF 
FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


ae [Tare aT 
’ 4 r 
ptdeteb TTT] see HEHE ee 
S 45 LSUPPLY VOLTAGE (VOD) = 18V %—44,{ 1 1 | TU | LAA A 
= =a 8 4° iver me 
g SMB eve rroerdinardeia as fice aa! 
wy zo al | TU TT AA a AN 
= FS, 3 _} 1 | PAA AN ail 
= 10 as 10° 9 eo ot 
Oo or 6 OE ee ea ee 40V an i 
= Bo 4, a Av 
> Su of | AA sv 
5 wSi2 LEA a 
{o) 5 3 —1 8 ES OS ee” ee ee en 0 ee ee 
SS ES a” es 
o. py aa 
rie oA ease fl 
buted Cot 
0 5 10 15 2 25 ; 2 ae 2 4 ° 0? 2 pier: 2 4 a 
| INE EVODIAGE (VIV(Y) INPUT FREQUENCY (fl) (kHz) 
FIGURE 9. TYPICAL VOLTAGE TRANSFER | FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
CHARACTERISTICS (NAND OUTPUT) __ FUNCTION OF FREQUENCY 
Chip Dimensions and Pad Layout 
) lo 20 30 40 50 ~~ 60 
Pas eas! ee er eae eee ee 
60— 
50— 
40— | 
60-68 
30— (1.524-1.727) 
20— | 
lo— 


o— 
| - 4-10 
. (0.102 -0.254) 
57-65 
(1.448-1.651) 


Dimensions in parenthesis are in millimeters and are - 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane | 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Brarrs CD4069UBMS 


December 1992 CMOS Hex Inverter 
Features | Pinout 
e High Voltage Types (20V Rating) CD4069UBMS 
, TOP VIEW 


e Standardized Symmetrical Output Characteristics 


¢ Medium Speed Operation: tPHL, tPLH = 30ns (typ) at 
10V 


‘400% Tested for Quiescent Current at 20V 


‘Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Meets All Requirements of JEDEC Tentative Standard 
No. 13B,.“Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
e Logic Inversion 
e Pulse Shaping 
¢ Oscillators 


¢ High-Input-Impedance Amplifiers 


_ Description | . F 
', ©CD4069UBMS types consist of six CMOS inverter circuits. aie > ue 


These devices are intended for all general-purpose inverter . 

applications where the medium-power TTL-drive and logic- 5 6 te 
level conversion capabilities of circuits such as the CD4009 : =e 
and CD4049 Hex Inverter/Buffers are not required. 
The CD4069UBMS is supplied in these 14 lead outline pack- D of >—. jad 


© 
© 
fe) 
I 


ages: | | 
11 10 = 
Braze Seal DIP H4H E K=E 
Frit Seal DIP H1iB 
VSS =7 
Ceramic Flatpack H3W_ ° = Ls LaF 
| VDD = 14 
Schematic Diagram 
| VDD 
TL i acs 
A. 4 G 
1(3, 5, 9, 11, 13) 2(4, 6, 8, 10, 12) 
vss 
FIGURE 1. SCHEMATIC DIAGRAM OF 1 OF 6 IDENTICAL INVERTERS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3321 


Copyright © Harris Corporation 1992 
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Specifications CD4069UBMS - 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 
_ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 


Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C . 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information 


Thermal Resistance ...........-.565 On 8. 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package .............06. 70°C/W 20°C/W 


Maximum Package Power Dissipation (PD) at +125°C 


For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 


For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature .......... cece e eee eeeeeee tatesbuase +175°C . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current VIN = VDD or GND 


od VIN = VDD or GND 


VOL15 


Input Leakage Current 


DD = 15V, No Load 
DD = 15V, No Load (Note 3) 


<i< 


< 


O10;0 
ciricir ec 
Ssicisc 
Sigis 
9/515 
sl=/s 
G18 16 
210 10 
@ 

= 

Zz 


<i< 


DD = 15V, VOUT = 1.5V 


< 


IOHSA_ |VDD = 5V, VOUT = 4.6V 
| 1OH5B_ {VDD = SV, VOUT = 2.5V 
| IOH10 |VDD = 10V, VOUT = 9.5V 


< 


VDD = 20 


4 VDD = 20V, VIN = VDD or GND 


i 1OL5 DD = 5V, VOUT = 0.4V | 
i 1OL10 DD = 10V, VOUT = 0.5V 


VDD = 18V, VIN = VDD or GND 


+125°C 
-55°C 

+25°C 

+125°C 
-55°C 


+25°C 
+25°C 
+25°C 
+25°C 


VPTH_ }VSS = OV, IDD = 10pA 
VDD = 2.8V, VIN = VDD or GND 


VDD = 3V, VIN = VDD or GND 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


VIL 
VIH 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limi 


implemented. . 
2. Go/No Go test with limits applied to inputs. 


©) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


‘2 


©) 


+25°C, +125°C, -55° 


Ps 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL {| CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL | VDD = 5V, VIN = VDD or GND +25°C 
TPLH | 


+125°C, -55°C 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425°C 


LIMITS 


UNITS 


TTLH +125°C, -55°C 270 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
+125°C 
-55°C, +25°C 


LIMITS 


TEMPERATUR U 
-55°C, +25°C 
+125°C 


-55°C, +25°C 


N 


NO ol 


VDD = 15V, VIN = VDD or GND 
+125°C 
Output Voltage VDD = 5V, No Load aa +25°C, +125°C, 
| -55°C 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 

+25°C, +125°C, 


OL 
: 
; 
ViL ; 
VIH 


V 
V 
V 
V 


+125°C 
-55°C 


Output Current (Sink) 1OL5 | VDD =5V, VOUT =0.4V 
Output Current (Sink) 1OL10 | VDD = 10V, VOUT =0.5V Rae 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 
-55°C 
Output Current (Source) VDD = 5V, VOUT = 4.6V +125°C 
| . 55°C 
Output Current (Source) an VDD = 5V, VOUT = 2.5V uk +125°C 


+125°C 
-55°C 

+125°C 

4.2 


Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 1,2 +125°C 


-55°C 
Output Current (Source) | VDD =15V, VOUT = 13.5V 4+125°C 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


SH EVCECROHLCLe 
Q Q 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


leet elebele bly el BPP 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


7 = LIMITS | 
PARAMETER SYMBOL} CONDITIONS | NOTES |TEMPERATURE| MIN | MAX | UNITS 


Transition Time TTHL | VDD =10V | Penis) 7 


Input Capacitance Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


pF 


eee ee 

ae Ce 

| Re ee ee 
BE [von = t8v p28 aan See 
bed ee Lape 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS | 


[Suppycurent | 10D |[vOD=20V,VN=VoDeranD| 4 | 2 =| 
[NTweshold Volage | VNTH [voD=i0v,isS=-10.a | 1.6 | were | 28 | 
Delta. , 
ee ee ce 

Delta , |. | : | 

F [VDD = 18V, VIN = VDD or GND | 425°C VOH> | voL<{ v_ | 
' NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
. 2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. - 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Spy oneness | wo aa 
+ 20% x Pre-Test Reading 
| = 20% x Pro Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


[eoremmccems [ES | ower | manmomw 
~ CONFORMANCE GROUP ~- METHOD GROUP A SUBGROUPS ss READ AND RECORD | 

| 
Interim Tost2 (Post Buren) | _t00%s008_| 47.9 ———~«*dODTOLSTOHBA =i 
[PoANoet) ~*~ toomsoos| Cotas CESSCSC~* 


al les stb Hie Deke 2 
Final Test 100% 5004 2, 3, 8A, 8B, 10, 11 Me ee 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[eroupa | Sample 5005 | 1,2,3,7,08,05,0,1011 |S 
Group B 
el oa on a RR RNRRRE 
[erup> ~~~; CSampte 500s | «4,9, 8,0B,9 ——~sdiSbgrours 28 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Groupe Subgroup? ‘| sos) 47.9 | Taos [10 | Tobie 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION evt-05V |  —S0kHz =| —25kHz 
Static Burn-In 1 2, 4, 6, 8, 10, 12 } 1, 3, 5, 7, 9, 11, 
(Note 1) 13 
Static Burn-in 2 2, 4, 6, 8, 10, 12 7 1, 3, 5, 9, 11, 13, 
(Note 1) 14 
Dynamic Bum-In 7 14 2, 4, 6, 8, 10, 12 | 1,3, 5, 9, 11, 13 
(Note 1) 
Irradiation 2, 4, 6, 8, 10, 12 7 
(Note 2) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = 425°C 
exe 
NOGA 
meu T 
CN Th 
ev AN 

WAN IAT Ty ty 
BWSSRNEREE 
0 25 7.5 


Tar 100 426 160 0 25 50 7.5 10.0 125 15.0 17.5 20.0 
INPUT VOLTAGE (V1) (V) INPUT VOLTAGE (V1) (V) 
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FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER FIGURE 3. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
CHARACTERISTICS TICS AS A FUNCTION OF TEMPERATURE 
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Typical Performance Characteristics (Continued) 


~ | SUPPLY VOLTAGE 
ved) = 15V 


OUTPUT VOLTAGE (VO) (V) 


0 25 50 7.5 10.0 125 15.0 
| INPUT VOLTAGE (VI) (V) 
FIGURE 4. TYPICAL CURRENT AND VOLTAGE TRANSFER 
CHARACTERISTICS) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS . 


' _. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 

| -15 10 $ 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 | | 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


SUPPLY CURRENT (IDD) (mA) 


OUTPUT LOW (SINK) CURRENT (OL) (ma) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


15 10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


NT TEMPERATURE (Ta)=+25°c] | | | | | 
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FIGURE 9. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE 
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Typical Performance Characteristics (Continued) 


2 AMBIENT TEMPERATURE (Ta) = +25°C 
= 2 
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SUPPLY VOLTAGE (VDD) (V) LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. TYPICAL PROPAGATION DELAY TIME vsSUPPLY FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 
VOLTAGE CAPACITANCE 
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= a TAG DD) = JAY ttt 3 AMBIENT TEMPERATURE (T, = 40°C TO +125°C 
= SUPPLY VOLTAGE (VDD) = 15V m = 
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ras cae ie T TEMPERATURE (Tg) = +25°C ° 


2 4 68 2 468 2 468 2 468 


10 10? 10° 104 10° SUPPLY VOLTAGE (VDD) VOLTS 
INPUT FREQUENCY (fl) (kHz) | 
FIGURE 12. TYPICAL DYNAMIC POWER DISSIPATION vs FIGURE 13. VARIATION OF NORMALIZED PROPAGATION DELAY 
FREQUENCY TIME (tPHL AND tPLH) WITH SUPPLY VOLTAGE 


PULSE GEN. 
‘tr=tf=20ns 


INPUT 


OUT INVERTING 
| OUTPUT 


— (PHL tPLH 
FIGURE 14. DYNAMIC ELECTRICAL CHARACTERISTICS TEST CIRCUIT AND WAVEFORMS 
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1/3 CD4060 © 
1/6 CD4069 
IN UT 
7 FOR TYPICAL COMPONENT 
=e VALUES AND CIRCUIT PERFORMANCE, | 
| SEE APPLICATION NOTE AN-6466 
FIGURE 15. HIGH-INPUT IMPEDANCE AMPLIFIER FIGURE 16. TYPICAL RC OSCILLATOR CIRCUIT 
| 1/3 CD4069 . 
1/6 CD4069 | - : IN OUT 
FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT ae 
PERFORMANCE, SEE 
val ebes Ain AnLeces UPPER SWITCHING POINT 
RS+Rf VDD 
VP ~ — 
Rt 2 
e 5 
LOWER SWITCHING POINT 
“Rt- VDD 
vu. BERS 
Rt 2 
fees e 
. Rf>RS 
FIGURE 17. TYPICAL CRYSTAL OSCILLATOR CIRCUIT FIGURE 18. INPUT PULSE SHAPING CIRCUIT’ 
| (SCHMITT TRIGGER) 
Chip Dimensions and Pad Layout 
DIE SIZE: 
48 X 48 (45 - 53) 
(1.143 - 1.346) 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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RRis ..—S©-—©-—sS«- C~dD4070BMS 
SEMICONDUCTOR CD4077BMS 


CMOS Quad Exclusive OR and 


tt 


December 1992 | Exclusive NOR Gates 
Features Pinouts CD4070BMS 
TOP VIEW 


e High Voltage Types (20V Rating) 
¢ CD4070BMS - Quad Exclusive OR Gate 
¢ CD4077BMS - Quad Exclusive NOR Gate 


Medium Speed Operation 
- tPHL, tPLH = 65ns (Typ.) at VDD = 10V, CL = 50pF 


e 5V, 10V and 15V Parametric Ratings | 
¢ Standardized, Symmetrical Output Characteristics 


100% Tested for Quiescent Current at 20V CD4077BMS 
TOP VIEW 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 

- 2V at VDD =10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


e Logical Comparators 


° Parity Generators and Checkers 4 
° Adders/Subtract ee 
ers/Subtractors KxcoD 
Description we ‘ 
; : =E® 
CD4070BMS contains four independent Exclusive OR gates. | . | : 
The CD4077BMS contains four independent Exclusive NOR | ae ; ; 
gates. | | G 
The CD4070BMS and CD4077BMS provide the system H 
designer with a means for direct implementation of the 
Exclusive OR and Exclusive NOR functions, respectively. 
The CD4070BMS and CD4077BMS are supplied in these 14 
lead outline packages: : A 
| 8 
Braze Seal DIP H4Q | J=A®B . 
Frit Seal DIP H1B Rech 
Ceramic Flatpack *H4F TH3W ucGon OE 
*CD4070B Only +CD4077B Only LsE@F F 
G 
H 
CD4077BMS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3322 | 
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Specifications CD4070BMS, CD4077BMS 


| Absolute Maximum Ratings 
|. DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 


(Voltage Referenced to VSS Terminals) 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input................e eee ee eee +10mA 
‘Operating Temperature Range. ............6.. -55°C to +125°C 
Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) .............+- .. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


Thermal Resistance ..............5. Bia Bi 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ....... ccc ccc cece cee cece ecnes +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current 


Input Leakage Current 


Input Voltage Low. 
(Note 2) 


VIL 

VIH 

VIL 
IH_— 


/PARAMETER |SYMBOL| — CONDITIONS(NOTE1) | |SUBGROUPS 
VDD = 20V, VIN = VDD or GND 
| VDD = 18V, VIN = VDD or GND 
IL |VIN=VDDorGND |VDD=20 
VDD = 18V 

i VIN=VDDorGND }jVDD=20 


WNT 
8 
VOL < 1.5V 
(Note 2) VOL < 1.5V 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


GROUP A 


TEMPERATURE | MIN | MAX |UNITS 
a eae eee Ee ae a 


+25°C 


+25°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. _. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4070BMS, CD4077BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


GROUP A 
PARAMETER — | SYMBOL| CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay TPHL |VDD=5V,VIN=VDDorGND { 9 |  +25c | - | 280 — 


| ns 

pons 

Transition Time | TrHL |vpp=5v,viIN=vpbDorenD [ 9 | 42sec | - | 200 | ns | 
rm an [ease a0 ae 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
| Supply Current VDD = 5V, VIN = VDD or GND 1,2 . | 1 | 
VDD = 10V, VIN = VDD or GND “55°C, +25°C 


VDD = 15V, VIN = VDD or GND -55°C, +25°C 
+125°C 
OL | VDD =5V, No Load +25°C, +125°C, 
-55°C 
| OL | VDD =10V, No Load 1,2 +25°C, +125°C, 
Output Voltage H |VDD=5V, No Load 
Output Voltage H VDD = 10V, No Load 


-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 =| VDD = 5V, VOUT = 0.4V +125°C 
Output Current (Sink) IOL10 {VDD = 10V, VOUT = 0.5V 
Output Current (Sink) - 10L15 |VDD=15V, VOUT = 1.5V 
Output Current (Source) IOH5A | VDD = SV, VOUT = 4.6V 
Output Current (Source) IOH5B_ | VOD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 


-55°C 
-+125°C 
Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 1,2 


-55°C 


— 
Lye) 


reali 
to] > 


0 


Output Voltage 
Output Voltage 


4.95 


V 
V 
V 
V 


O 
O 


S43 
>| > 


1 


o 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


3 
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Specifications CD4070BMS, CD4077BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


7 LIMITS: 
_ PARAMETER SYMBOL| - CONDITIONS NOTES TEMPERATURE 


__Min | Max | unrrs 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V oe +25°C, +125°C, eee 
| | 55°C 


Transition Time — - TTHL voD=10V— |] 8 
input Capacitance | ON [aryiomt Sd i 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


+ 

N 

On 
fo) 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | sae | LIMITS 
_ PARAMETER SYMBOL CONDITIONS _ NOTES | TEMPERATURE | MAX | UNITS 


N Threshold Voltage VNTH [VDD = 10V, ISS = -10HA | 0.2 | 


Delta 


P Threshold Voltage VSS = OV, IDD = 100A 


P Threshold Voltage AVTP {VSS=O0V,IDD=10pA — 1,4 +25°C 
Delta : 

VDD = 18V, VIN = VDD or GND +25°C VOH> | VOL< 
VDD = 3V, VIN = VDD or GND weer, yene 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL | DELTA LIMIT 
Output Current (Sink) + 20% x Pre-Test Reading 
Output Current (Source) | IOHBA | + 20% x Pre-Test Reading 
TABLE 6. APPLICABLE SUBGROUPS 


. MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS - READ AND RECORD 


Initial Test (Pre Burn-in) ‘T 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


POA woe) | soo%so0e [nodes 
jo0% 5006 | a bolas PSS 
FnalTest_———~—*d;Ctom ston CaO 
[Groups | Sample soos | 48.9,7,00,00,0,1011 | 
ee ee en eer 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION ovt-05V | S0kHz | 25kHz 
Static Burn-in 1 14 
Note 1 
Static Burn-In 2 3, 4, 10, 11 7 1,2, 5, 6, 8, 
Note 1 9, 12-14 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V aa | 
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MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


LOGIC 


CD4070BMS, CD4077BMS 


Schematics 
‘VDD | 
P 
2 (5, 9, 12) n a . 
‘ 3 " TRUTH TABLE CD4070BMS 
1 OF 4 GATES 
vss | | 
: I, 
VDD p ; 
= | cs | | 3 (4, 10, 11) 
n 
A* 
1 (6, 8, 13 
: n 1 = High Level 
. 0 = Low Level 
J=A®B 
vss vss 


* ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


VSS 


VDD ae VDD 


p 
p 
B* 
- 2(5, 9,12) « | 
p ' TRUTH TABLE CD4077BMS 
1 OF 4 GATES | 
p 
J 
* 3 (4, 10, 11) 
n 
1 (6, 8, 13 
n 1 = High Level 
VDD 0 = Low Level 


J =A®B 


* ALL INPUTS PROTECTED BY 7a 
CMOS PROTECTION NETWORK 


vss 


FIGURE 2. SCHEMATIC DIAGRAM FOR CD4077BMS (1 OF 4 IDENTICAL GATES) 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C Es 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
} s 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
s 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
200 Rea 
150 SUPPLY VOLTAGE (VDD) = 5V __s 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 


LOAD CAPACITANCE 


, aaa arelecanake 
2 iso as es ae ae 
& 

W425 

[ea 

8 100 

zi 

= 75 

— 5.0 

3 25 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


‘LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


| sabe 
= 6 
£ AMBIENT TEMPERATURE (Ta) = +25°C 5 4 
> LOAD CAPACITANCE (CL) = 50pF =. , Z Zc 
= : 
0; a 6} surplus he 
Ed Fag? 4 SMe 
& G 105 
z fs 
az > 10? , 
4 2 4 
e 
wi < 2 
a a 
z o 10 
: ef 
& S 3 LOAD CAPACITANCE 
o : 16 CL=50pF = 
4 o 2 CL=15pF mm 
a. 10°! . 
0 5 10 15 20 Pe 468 2 468 2 468 2 468 2 aie 
selec ane . yee SeESUENGY a (kHz) - ° 
r 4 
FIGURE 9. TYPIGAL PROPAGATION DELAY TIME AS A FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF INPUT FREQUENCY © 
Chip Dimensions and Pad Layout 
70 72 
'ot 
67-75 
(1.702-1.905) 
at 
i fa (a qi =a acl 
| “6a Nea "Tene z 
o~ 
Hr 102-0. 254) | 
(753-1956) 
CD4077BMSH 
Dimensions and pad layout for CD4070BMSH are 


identical 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane — 


‘BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches . 
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Features 

e High-Voltage Types (20V Rating) 

e CD4071BMS Quad 2-Input OR Gate 
¢ CD4072BMS Dual 4-Input OR Gate 
CD4075BMS Triple 3-Input OR Gate 


¢ Medium Speed Operation: 
- tPHL, tPLH = 60ns (typ) at 10V 


¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Standardized Symmetrical Output Characteristics 


Noise Margin (Over Full Package Temperature Range): 
- 1Vat VDD =5V 

- 2Vat VDD=10V 

- 2.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


_ Description 


CD4071BMS, CD4072BMS and CD4075BMS OR gates pro- 
vide the system designer with direct implementation of the 
positive-logic OR function and supplement the existing fam- 
ily of CMOS gates. 


The CD4071BMS, CD4072BMS and CD4075BMS are supplied 
in these 14 lead outline packages: 


Braze Seal DIP *H4H = tH4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 
*CD4071, CD4072 +CD4075 Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |1.C. Handling Procedures. 
7-1009 
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CD4071BMS, CD4072BMS 


CD4075BMS 


CMOS OR Gate 


Pinout 


CD4071BMS 
TOP VIEW 


CD4072BMS 
TOP VIEW 


JzA+B+C+D 1/1) 14] VDD 


z 
° 
Cy 
jo | 
m 
LOGIC 


NC = NO CONNECTION 


CD4075BMS 
TOP VIEW 


File Number 3323 


CD4071BMS, CD4072BMS, CD4075BMS 


Functional Diagram 


or m1 09 >a 


vss 


CD4071BMS 


xo m2" 00 @ > 


Qoar"-ommntPp> wo 


CD4075BMS 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Allinputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input............... cece ee ee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H - y 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum “se * 


Reliability Information 


Thermal Resistance ..............6. Gia 0, 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ................ 70°CWW 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C. (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature .... 2. . ccc cece eee teen enee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


Input Leakage Current 


Output Voltage VOH15 
Output Current (Sink) IOL5 = {VDD = 5V, VOUT = 0.4V 


= 15V, VOUT = 1.5V 


Output Current (Sink) 1OL15 [VD 


— 


Output Current (Source 


— 


IOH5B-: {VDD = 5V, VOUT = 2.5V 


N Threshold Voltage VNTH |VDD = 10V, ISS = -10pA 


Functional a a F 


Input Voltage Low | VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
| VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


WL VIN = VDD or GND VDD = 20 
VDD = 18V 
Il 


0 


H VIN=VDDorGND |VDD=2 
VDD = 18V 


Output Voltage VOL15 {VDD = 15V, No Load 
VDD = 15V, No Load (Note 3) 


Output Current (Sink) IOL10 |VDD = 10V, VOUT = 0.5V 
D 
Output Current (Source)} IOH5A {VDD = 5V, VOUT = 4.6V 


Output Current (Source)| IOH10 |VDD = 10V, VOUT = 9.5V 
Output Current (Source)} IOH15 |VDD = 15V, VOUT = 13.5V 1 


P Threshold Votlage | _VPTH |VSS=0V,IDD= 10a | 
[v= tev. vin=voD rend | 8 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High VIH_ |VDD =5V, VOH > 4.5V, VOL < 0.5V 1,2,3 +25°C, +125°C, -55° 
(Note 2) . 

VIL 


GROUP A 


TEMPERATURE 
+2 


Ee 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C} 14. 


1 
+125°C 
-55°C 
+25°C, +125°C, -55° 


ba | co 
oi 

a i) 

plo] S 


<< 

oO 
x 
Vv 


s) 
Ss 
< 
fs 
~) 


> 


© 
OO 
ets} ttt) ) 2 BRI fe fee 


1,2,3 — 


Q) 


+ 

Nh 
% 
Q 


Q) 


+25°C, +125°C, -55° 


Q) 


Q 


+25°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


‘implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND -55°C, +25°C 
+125°C 
Output Voltage 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
: — +125°C 
VDD = 15V, VIN = VDD or GND 
+125°C 
Output Voltage . : 1 
Output Voltage : VDD = 5V, No Load 
Te) 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 


LIMITS 


aL aPPP EP 


UNITS 


-55°C, +25°C 


or 


y 
.?) 


< 


aleloeteleleefele tele] | 


VDD = 5V, No Load ae +25°C, +125°C, 
VDD = 10V, No Load | +25°C, +125°C, 
Output Voltage VDD = 10V, No Load 
Output Current (Sink) VDD = 5V, VOUT=0.4V 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V 


Output Current (Source) mee VDD = 5V, VOUT = 2.5V 
Output Current (Source) ma VDD = 10V, VOUT = 9.5V 


Input Voltage Low 
Input Voltage High 


VOD = 10V, VOH > 9V, VOL < 1V 


Output Current (Source) VDD =15V, VOUT = 13.5V 
VDD = 10V, VOH > 9V, VOL < 1V 


7 


Se ee 
er 
Output Current (Source) VOD = 5V, VOUT = 4.6V +125°C 
at 
a be 
ae ee 


De) 


|< 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER _ | SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN) | MAX | UNITS 


mH Proo=ev Sid; 


Input Capacitance Any Input - -- 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


- 3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 
N Threshold Voltage | AVTN |VDD=10V,ISS=-10pA | 


Delta 
VTP VSS = OV, IDD = 10nA V 


AVTP |VSS=OV,IDD = 10pA 


UNITS 


F VDD = 18V, VIN = VDD or GND 
| VDD = 3V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
| 2. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sippy Gurent-ss1_| oo [rawa SCS 


TABLE 6. APPLICABLE SUBGROUPS - 


7 | MIL-STD-883 , 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS READ AND RECORD 


10 
10 


Interim Test 2 (Post Burn-In) 0% 5004 IDD, IOL5, IOHSA 
PDA (Note 1) | 0% 5004 __1,7,9, Deltas ee ee 


PDA (Note 1) 100% 5004 1,7, 9, Deltas aa 
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Specifications CD4071BMS, CD4072BMS, CD4075BMS 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Final Tost 100% 6004 2a eA | SSCS~S 
Group B Subgroup B-5 ~ Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


[GroupD = —s—s—~sSsés@Y:SsSample 5005 1,2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR _ 
FUNCTION VDD. “ 9V+-0.5V 


PART NUMBER CD4071BMS | 


Static Burn-in 1 3, 4, 10, 11 
Note 1 
Static Burn-In 2. 7 1,2,5,6,8,9, . 
Note 1 12-14 
Dynamic Burn- ag 1, 2, 5, 6, 8, 9, 12, 
in Note 1 , 13 
Irradiation 3, 4, 10, 11 7 1, 2, 5, 6, 8, 9, 
Note 2 : =: 12-14 
PART NUMBER CD4072BMS 
Static Burn-in 1 2-5,7,9-12 
Note 1 . 
Dynamic Burn- 7 
In Note 1 
Pick I Bd 


Note 1 
Irradiation 
Note 2 


PART NUMBER CD4075BMS , | 


Static Burn-in 1 1-5, 7,8, 11-13 
Note 1 
oe ae 


Irradiation 


Static Burn-in 2 7 
Note 1 . 
7 1-5, 8, 11-14 
Note 2 
NOTE: 


Dynamic Burn- 

In Note 1 

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V | . . 

2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . . 
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VDD 
> 14 
) p p p 
* p . 
1 (6, 8, 13) . z t—o 3 (4, 10, 11) VDD | 
> ; 
2 (5,9, 12) n * ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 
vss 


FIGURE 1. SCHEMATIC DIAGRAM FOR CD4071BMS (1 OF 4 IDENTICAL GATES) 


1 (6, 8, 13) 


A 3 (4, 10, 11) 


2 (5, 9, 12) 


FIGURE 2. LOGIC DIAGRAM FOR CD4071BMS (1 OF 4 IDENTICAL GATES) 


VDD VDD 


INV.1** 
VDD 


» 


2 (12) 


vss 
VDD vss 
P 
7 Pp 
ot Teepe 
VDD 
* n ; 
5 (9) o—] nvat* | "] 
ee i 


® 
VSS * ALL INPUTS PROTECTED BY 
** INVERTERS 2, 3 AND 4 ARE IDENTICAL TO INVERTER 1. CMOS PROTECTION NETWORK 


Oo 
o 
O 
a 


FIGURE 3. SCHEMATIC DIAGRAM FOR CD4072BMS (1 OF 2 IDENTICAL GATES 


FIGURE 4. LOGIC DIAGRAM FOR CD4072BMS (1 OF 2 IDENTICAL GATES) 


7-1015 


_ CD4071BMS, CD4072BMS, CD4075BMS 


14 


po p 


p P 
n . 
p 
. © 9 (6, 10) 
= i es (Ae ; + 

8 (5, 13) ; 

a! 
2 (4,12) © 
n 

* > . n 


1 (3,11) © 


* ALL.INPUTS PROTECTED BY 


7 (CMOS PROTECTION NETWORK 


VSs 
- FIGURE 5. SCHEMATIC DIAGRAM FOR CD4075BMS (1 OF 3 IDENTICAL GATES) 


A 


1 (3, 11) 


2 (4, 12) 


9 (6, 10) 
Cc 
8 (5, 13) 


* FIGURE 6. LOGIC DIAGRAM FOR CD4075BMS (1 OF 3 IDENTICAL GATES) 


Typical Performance Characteristics 


= 20 
_ AMBIENT TEMPERATURE (Tq) = +25°C EE 
x= 
al 
ze SUPPLY VOLTAGE (VDD) = 15V = 
S J 150 
g a SUPPLY VOLTAGE (VDD) = 5V 
: E10 
S Z | 
: 
S o 
: “in 
fe) 
« 
a. . 
0 5 10 15 20 7 
INPUT VOLTAGE (VIN) (V) | LOAD eae eh (pF) 
FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
TICS FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


_ AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C Pe 
= : ee ee 
> 
Q g 15.0 
6 & 
Ta fs 12.5 
[om 
z rs} 
S 10.0 
; 5 
= = 75 
ond al 
E 5 5.0 
os 
> E 2.5 
oO 
0 5 10 5 0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 9. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 10. MINIMUM OUTPUT.-LOW (SINK) CURRENT 
_ CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 En 0 -15 -10 5 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


o 
O 
O 
a 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 11. TYPICAL OUTPUT HIGH (SOURCE) CURRENT ‘FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C ae 
200 ae Baus 
. SUPPLY VOLTAGE = Le Spe 


= 


Ba. 


COTIEN ANT 
CCUICTINENST 
Oe 


eee Se © oe Ses Se ee oe © Ce ee ee ee. A ee Ge 


a” 


‘SUPPLY VOLTAGE (VDD) = 15¥ WG 
a 


104 _ —- io 
Th) 


wae 
r 2 
Se $e 


bb 


ys 
N 


10° 


100 


i) UT ERD 
a OS * GN 


| | PN 


ING 


10? 


or 
o 


CL= 5SOpF pes] 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
POWER DISSIPATION PER GATE (PD) (1W) 


CL 2 15pF usa rT 


0 20. 40 +260 80 100 
1 10 107 10° 104 
icine diated ia ad INPUT FREQUENCY (fl) (kHz) 


FIGURE 13. TYPICAL TRANSITION TIME AS A FUNCTION OF ‘FIGURE 14. TYPICAL DYNAMIC POWER DISSIPATIONAS A 
LOAD CAPACITANCE FUNCTION OF FREQUENCY 
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Chip Dimensions and Pad Layouts 


51-59 
(1.295-1.498) 


Oo— 


ait : . | 4-10 
rear (0.102-0.254) 
| - io ee oer) ‘ (1.474-1.676) 
(1.422-1.626) 


CD4071BMS" CD4072BMS 


60-68 
(1.524 -1.727) 


4-10 | | 
0.102-0.254),. 6. 
(1474-1676) 


ane CD4075BMS 


Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
- DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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 ©D4073BMS, CD4081BMS 
ao FARRIS ~” €D4082BMS 


December 1992 | CMOS AND Gate 
Features Pinout 
¢ High-Voltage Types (20V Rating) CD4073BMS 
TOP VIEW 


¢ CD4073BMS Triple 3-Input AND Gate 
¢ CD4081BMS Quad 2-Input AND Gate 
¢ CD4082BMS Dual 4-Input AND Gate 


e Medium Speed Operation: 
- tPLH, tPHL = 60ns (typ) at VDD = 10V 


100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package Temperature Range): 


- 1V at VDD =5V 
- 2V at VDD = 10V 

CD4081BMS 
- 2.5V at VDD = 15V TOP VIEW 


Standardized Symmetrical Output Characteristics . 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Description 


CD4073BMS, CD4081BMS and CD4082BMS AND gates 
provide the system designer with direct implementation of 
the AND function and supplement the existing family of 
CMOS gates. 


The CD4073BMS, CD4081BMS and CD4082BMS are supplied 


Oo 
0) 
O 
a 


D4082BM 

in these 14 lead outline packages: aera 
Braze Seal DIP *H4Q~—stH4H 
Frit Seal DIP *H1B JzAeBeCeD (1 14] VOD 
Ceramic Flatpack *H3W _ D [21 13] Kz EoFeGeH 
*CD4073B, CD4081B +CD4082B | =e c 13) 12} H 

B [4 44] G 

A [5] 40] F 

NC |6| Ig} E 
vss 18] NC 
NC = NO CONNECTION 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3324 


Copyright © Harris Corporation 1992 7-1019 


Functional Diagram 


eo zr "=r MW oO DBD PY 


zo mm oO WP 


zo um PTD OS. 


CD4082BMS 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gin 6. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C, 20°C/W 

Input Voltage Range, AllInputs ............. -0.5V to VDD +0.5V Flatpack Package ...........s.00- 70°C/W 20°C/W 

DC Input Current, Any One Input....................2+...£10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, KK) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ..............-.- +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ... 0... . ccc ee cee ec eee cc ee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
Supply Current VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


Input Leakage Current HL VIN=VDDorGND- [VDD=20 
VDD = 18V 


Input Leakage Current VIN=VDDorGND- |VDD=20 


Output Voltage VOL15 }|VDD = 15V, No Load 
VOH15 {VDD = 15V, No Load (Note 3) 


Output Current (Sink) IOL15 [VDD = 15V, VOUT = 1.5V 


Output Current (Source 


F VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 7 


© 
© 
ro) 
— 


VSS = OV, IDD = 10nA a ee 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 8B 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


IH 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) ; 


VIH VDD = 15V, VOH > 13.5V, 


+25°C, +125°C, -55° 


2) 


1?) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


©) 


2) 


+25°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | | | ere | LIMITS 
GROUP A 3 7 

_ PARAMETER —_| SYMBOL | CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay | TPHL |VDD=5V,VIN=VDDorGND | 9 | 425°C | = | 250 | 
dai (ee | 10,11 | +126°c,-s5°° | - | 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425°C 
| aS asf | 10,14 +125°C, -55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


- PARAMETER | SYMBOL CONDITIONS NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
— a VDD = 10V, VIN = VDD or GND 

a -55°C, +25°C 


VDD = 15V, VIN = VDD or GND 1,2 

: , | 7 +125°C 
Output Voltage VDD = 5V, No Load +25°C, +125°C, 
| a -55° 


LIMITS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


UNITS 


N 
SIE lelre 
> > 


rc 
> 


id) 
i=) 


> 


oO 

fo} 

?) 
3 
< 


mV 


4.95 


-55°C 
~+125°C 
_ -55°C 
— . +125°C 
55°C 
+125°C 
_ 55°C 
+125°C 
-55°C 
+125°C 
-55°C . 
- 4125°C 
-55°C 
+125°C 
_ 55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


: OL 

Output Voltage VOL | VDD = 10V, No Load +25°C, +125°C, 
a: 3 55°C 

Output Voltage VDD = 5V, No Load . 

Output Voltage VDD =10V,NoLoad | 


+25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 =| VDD = 5V, VOUT =0.4V 
Output Current (Sink) VDD = 10V, VOUT = 0.5V 


3 
> 


0.36 
0.64 


313/3 
>| > 


2.4 
4.2. 


ee 


3 
> 


+25°C, +125°C, 
Output Current (Sink) lOL15° | VDD = 15V, VOUT = 1.5V 
Output Current (Source) IOH5A {VDD =5V, VOUT = 4.6V 
Output Current (Source) | IOH5B | VDD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 | VDD =10V, VOUT =9.5V ~ 


Output Current (Source) | IOH15. | VDD =15V, VOUT=13.5V ° . 
VDD = 10V, VOH > 9V, VOL < 1V 1,2 
VDD = 10V, VOH > 9V, VOL < 1V 1,2 


3 
> 


-0.64 
“1.15. 


mA 
mA 


3 
> 


mA 
mA 
mA 


: = 
| 3) |= |3] {2 |3)3]313]38] <| <| 2] ale i>] feiss 


ph] OD 
3 
> 


Input Voltage Low 
Input Voltage High 


7 


A 
ho 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


Propagation Delay TPHL | VDD =10V 
Transition Time TTHL 
L 


L_ MIN 

L123 et 

23 | =a 

wop=toy |e 

he | 423 | Ces 
poe Es 


+2 
4 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| DD | VDD =20V, VIN = VDD or GND 


N Threshold Voltage VNTH {VDD =10V, ISS =-10pA 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage 


P Threshold Voltage 
Delta 


| Functional VDD = 18V, VIN = VDD or GND vons 
VDD = 3V, VIN = VDD or GND VDD/2 


Propagation Delay Time TPHL |VDD=5V 
TPLH . 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
Supply Current - SSI | IBD +0.1pA 
Output Current (Sink) 1OL5 + 20% x Pre-Test Reading 
Output Current (Source) IOH5A + 20% x Pre-Test Reading 
TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 _ 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
PDA (Note 1) 100% 5004 1,7, 9, Deltas oe 
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Specifications CD4073BMS, CD4081BMS, CD4082BMS 


READ AND RECORD | 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


PART NUMBER CD4073BMS 


Static Burn-in 1 
Note 1 


Static Burn-In 2 
Note 1 
Dynamic Burn- 
InNote1 = 


Irradiation 


Note 2 ; 


PARTNUMBER CD4081BMS ° 


Static Burn-in 1 1,2,5-9, 12,13 
Note 1 


Static Burn-In 2 3, 4, 10, 11 
Note 1 


Dynamic Burn- 
In Note 1 


Noto? | oe 


Note 2 


PART NUMBER CD4082BMsS . 


Static Burn-In 1 
Note 1 


Static Burn-In 2 
Note 1 . 


Dynamic Burn- 
In Note 1 


Irradiation 
Note 2 . 


NOTE: 
_ 1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 


= 10V + 0.5V 
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CD4073BMS, CD4081BMS, CD4082BMS 


VDD 


A p 
8 (5,11) ¢ P 


® 
1 (4,12) ¢ j : fi 
n 
Pf 
2 (3, 13) . a 


VSS 


ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


FIGURE 1. SCHEMATIC DIAGRAM FOR CD4073BMS (1 OF 3 IDENTICAL GATES) 


A 


1 (4, 12) 


2 (3, 13) 


9 (6, 10) 
Cc 


8 (5, 11) 


O 
FIGURE 2. LOGIC DIAGRAM FOR CD4073BMS (1 OF 3 IDENTICAL GATES) S 
a 
vDD 
‘5 | 
* p 
2(5,9,12) |," 


* 


1 (6, 8, 13) aps 3 (4, 10, 11) 
es _* ALLINPUTS PROTECTED BY 


CMOS PROTECTION NETWORK 


vss 
FIGURE 3. SCHEMATIC DIAGRAM FOR CD4081BMS (1 OF 4 IDENTICAL GATES) 


A 
1 (6, 8, 13) J 


B 
2 (5, 9, 12) 3 (4, 10, 11) 


FIGURE 4. LOGIC DIAGRAM FOR CD4081BMS (1 OF 4 IDENTICAL GATES) 
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CD4073BMS, CD4081BMS, CD4082BMS 


VDD 
p p p 
n n | 
n 


vss 


ALL INPUTS PROTECTED BY © 
CMOS PROTECTION NETWORK 


FIGURE 6. LOGIC DIAGRAM FOR CD4082BMS (1 OF 2 IDENTICAL GATES 


Typical Performance Characteristics 


AMBIENT ‘cai ta (Ta) = iid AMBIENT TEMPERATURE (Ta) = +25°C i 


SUPPLY VOLTAGE (VDD) = 15V 


SUPPLY VOLTAGE (VDD) = 15V 


OUTPUT VOLTAGE (VO) (V) 
PROPAGATION DELAY TIME (TPHL, THLH) (ns) 
g 
eT WY TTY 


| AM TY 


0 10 20 30 40 50 60 70 80 90 £100 
INPUT VOLTAGE (VIN) (¥) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL VOLTAGE TRANSFER FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
CHARACTERISTICS ~ FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C Ld 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 9. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 10. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 -10 5 


-15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C S 
GATE-TO-SOURCE VOLTAGE (VGS) = SVE 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS)=5VF™™ 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 11. TYPICAL OUTPUT HIGH ener CURRENT FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 
10° — 
8 _ wr 
AMBIENT TEMPERATURE (Ta) = +25° 5 we? 
AP ws 


( 
nN 


- 
oO 
a 


200 ef ft tf 
SUPPLY VOLTAGE (VDD) =5V _ s 
cr 


, amu 
Be ee He 
ee SS ee 
== 


mai 
CL = 50pF 
a il 
0 20 40 60 80 100 


Pe ereeten vente) INPUT FREQUENCY (fl) (kHz) 


FIGURE 13. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 14. TYPICAL DYNAMIC POWER DISSIPATIONPER 
LOAD CAPACITANCE GATE AS A FUNCTION OF FREQUENCY 


BO 2 OOo So & OO 
HH Ht} HH AAS 
© Gs SR GUS Cae Oe ST ES Oe OD Oe COSTED. ED ee 


a 
5 


TRANSITION TIME (tTHL, tTLH) (ns) 
an 
So 
POWER DISSIPATION PER GATE (PD) (uW) 
° 
ao 


eo & OO 


=i 
mal 
Bil 
all 
mH 
Bil 
aN 
Th 
M4 
Bil 


NY 


10 
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Chip Dimensions and Pad Layouts 


57-65 
(1.448-1651) 


Oo~ 
4-10 a 
(0.102-0.254) 6) 64 | 
(1.549-1.753) _ 


CD4081BMS CD4082BMS 


(1.448-1651) 


-67 
(1449-1.701) 


4-10 
0.102-0.254) 


59-67 
(1.449-1.701) 


- o— __ 
42 
| -CD4073BMS 


~ Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch) 


-METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BHARRIS § CD4076BMS 


. | 7 Pane ; : 
Bacdnerioee | - CMOS 4 -Bit D-Type Registers 
Features | Pinout 
e High Voltage Type (20V Rating) CD4076BMS 
TOP VIEW 

e Three State Outputs 
¢ Input Disabled Without Gating the Clock | oureur {4 fal voo 
¢ Gated Output Control Lines for Enabling or Disabling DISABLE {* A 15] RESET 

the Outputs | ai 3! f4] DATA 
e Standardized Symmetrical Output Characteristics a2 [4] 13] DATA 2 
¢ 100% Tested for Quiescent Current at 20V as [5] h2] DATA 3 
° Maximum Input Current of 1A at 18V Over Full Pack- — aa To DATA 4 

age Temperature Range; 100nA at 18V and +25°C Bock fo] G2) DATA 
* Noise Margin (Over Full Package/Temperature Range) se (al Fi a Le 

- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 
e 5V, 10V and 15V Parametric Ratings Functional Diagram 
e Meets All Requirements of JEDEC Tentative Standard 

No. 13B, “Standard Specifications for Description of . 

‘B’ Series CMOS Devices” — DATA INPUT . OUTPUT 

< DISABLE DISABLE 

Description — : Gl G2 CLOCK $M N 


CD4076BMS types are four-bit registers consisting of D-type 
flip-flops that feature three-state outputs. Data Disable inputs 
are provided to control the entry of data into the flip-flops. 
When both Data Disable inputs are low, data at the D inputs 
are loaded into their respective flip-flops on the next positive 
transition. of the clock input. Output Disable inputs are also 
provided. When the Output Disable inputs are both low, the 
normal logic states of the four outputs are available to the 
load. The outputs are disabled independently of the clock by 
a high logic level at either Output Disable input, and present 
a high impedance. 


o 
o 
Oo 
a 


15 a 
The CD4076BMS is supplied in these 16 lead outline Pate anew fat 
ages: 7 : 

Braze Seal DIP H4T 

FritSealDIP = HIE 


Ceramic Flatpack Hew 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3325 
Copyright © Harris Corporation 1992 7-1029 


Specifications CD4076BMS 


- Absolute Maximum Ratings : Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ 6.4 6 


(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... B0°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........s.e0. 70°C/W 20°C/W 
~ DC Input Current, Any One Input........... BF hate iesictaaies +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H | SO | For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) .............206- +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .......... ee cee eeee eas te awiee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output Current : 


VDD = 15V, VOUT = 13.5V . 


(Source) : 


N Threshold Voltage _ |. VNT 


E 


VDD = 10V, ISS = -10nA i 


< 


< 


P Threshold Voltage VSS = OV, IDD = 10pA 


eg ee rE ance gis 
| 7 _ - | SUBGROUP jes are 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) S TEMPERATURE 
Supply Current | VDD=20V,VIN=VDDorGND | 1. |. 425 =| - | 10 | pA | 
ee ee eee 
[VOD =18V,VIN=VDDorGNO_ | 3 | 5-0 fA 
Input Leakage Current | IIL |VIN=VDDorGND |VDD=20 | 1 #4-| 425°C | -100] - | nA | 
_ GUN sar nee eee ee Co 
vop=tavj 3 | BPC 100 | - sn 
Input Leakage Current VIN=VDDorGND }vDD=20 | 1 #| 4258C | - | 100 | nA | 
| voo-tv{ 3 | —+| - | 100 | nA 
irl Kc lhe Ml ri al al 
| 55°C 
ee re 
| | | 55°C | 
Output Current (Sink) | 10L5_ [VOD=5v,vouT=04v_ | tT src sa || mA 
[Output Curent (Sink) | 10L10 [vDD= tov, vouT-osv | 1 | asc «dt ta | - | ma | 
[Output Current (Sink) | 1OL15_[voD=15V,vouT=1.5v_ | nt 85°C 8 | ma 
(Source) 48 2 . 7 7 | 
= all al I Nl Ba Kd 
(Source) . * 
ee ce a 
(Source) . 1. : uy 
IN Threshold Voltage _| | -2.8 | 
[P Threshold Voltage _ 


ree |v 


Functional 


_ {VOD = 2.8V, VIN = VDD or GND | 
VDD = 20V, VIN = VDD or GND 


B 


+125°C -12 
pC 04 


| ee 
VDD=18V,VIN=VDDorGND | 8A | +125°C 
VDD = 3V, VIN = VDD or GND_ | 
Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, - 1.5 V 
(Note 2) 55°C tC ee 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL <0.5V +25°C, +125°C, - 
(Note 2) 55°C 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, - 
(Note 2) | VOL < 1.5V 55°C 
Input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, - 
(Note 2) VOL < 1.5V 55°C 
Tri-State Output 1OZL |VIN=VDDorGND |vDD=20v{ 1 | +25 | 04] - | 
Leskage VOUT = ov a a rad 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUBGROUP 
PARAMETER SYMBOL CONDITIONS (NOTE 1) S TEMPERATURE 


Tr’State Output VIN=VDDorGND [VDD=20v| 1 ~«Y| asec 


Leakage VOUT = VDD pee a +125°C 

vop=1avj_— 8 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. 
implemented. Limit is 0.050V max. 

2. Go/No Go test with limits applied to inputs. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Min | Max | 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | 425° | - | 600 | 
| 10,11 | +126%0,-s5°c |= | 810 
Transition Time TTHL |VDD=5V,VIN=VDDorGNnD | 9 | +25 | - | 200 | 
| 10,11 | +126, 65°C |= 


NOTES: 
1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VOD or GND 


i 


LIMITS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


Output Voltage 


Output Voltage VDD = 10V, No Load i es 

Output Voltage VDD = 5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load Ce 425°C, +125°C, 
-55°C 


Output Current (Sink) lIOLS =| VDD = 5V, VOUT = 0.4V +125°C 
-55°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
. -55°C 
Output Current (Sink) JOL1i5 | VDD = 15V, VOUT = 1.5V +125°C 
Output Current (Source) IOH5A | VDD = 5V, VOUT = 4.6V 
Output Current (Source) ee VDD = 5V, VOUT = 2.5V 


1 


oO 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


BN 
Nh 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


: _— LIMITS 
PARAMETER SYMBOL | CONDITIONS NOTES | TEMPERATURE 


eastiieial Mar Ta ie 
Output Current (Source) “| IOH10 nn i 
ee 

Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, V 

| - div -55°C. 

‘Propagation Delay VDD = 5V | 4,2,3  [  #25°c | - | 460 | ns | 
oostevo [vest i eo 
Propagation Delay TPZH | VDD=5V | 4,24 | 425% | - | 300 ons | 
Transition Time TTHL 12,3 | +25°¢ | - | 100 | ns | 
mH oon Sid no | ef |e 
inaeciie Mind | eceemaree nC oe eae co Gee 
Maximum Clock Input FCL |VDD=5V 1,23 | +25 | 3 | - | MHz 
Oc 
FO 
voo=rev Ct | ee iP 0 | oe 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES: | TEMPERATURE | MIN | MAX. | UNITS 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sum of the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. . 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


N Threshold Voltage AVTN | VDD = 10V, ISS = -10nA 
Delta 


7 i 
Delta 

Functional F 425°C VOH> | voL< | v 
Powe" ficewmcwesne) | [oe | oe | 
Propagation Delay Time VDD = 5V ee am 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


V 
V 
V 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[__Paraweren [| svweo | DeLTALWT | 
SoppiyGurent-msiz[ 00 [eva 


TABLE 6. APPLICABLE.SUBGROUPS 


MIL-STD-883 
| CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 10L5, IOHSA 
Interim Test 2 (Post Burn-in) 100% 5004 IDD,1OL5,1OHSA 


[ Pontioet) | tao soon | nr. ebetas 
[Ponto] orator | 1. 7,8,08m6 
Fealtest | 1008 6008] a aaa. 
[awa | Sampo s008 [2.87.08 08,00 
GroupB | SubgroupB-5 | Sample 5005 | 1, 2,3,7, 8A, 88,9, 10, 11, Deltas 
a =n so a SL 
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Specifications CD4076BMS 


' TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


GroupD = ss——s—~—sSsSY:~SCs Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 TEST | “READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
~ OSCILLATOR 


FUNCTION | ovs-osv | suka | _25khz 


Saicbumntnoet [3-6 | 427-6 [6 | +t Sr SSCSCS~S 
[Swiotumin2Noet | 3-6 |e | aanenef | -+4| SS 
[DymanioBuminNowi | _- | 420-101] 16 | 36 | 7 | Ww 
fasion (wotea) | 8-6 | 6 | ware | | +. 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 10V + 0.5V 


TABLE 7. TOTAL DOSE IRRADIATION 


m (1) 
1 Ai 
N (2) : 
DATA 7" 
7 4 
DATA ai (9) 
INPUT 1) 
DISABLE | go Go 
cd 
DATA (2. 
2 9) 
a 
clock (7) > 
DATA 7) 
3. 


* ALL INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


VDD | 
. 2 


® 
vss RESET (15) > 


. FIGURE 1. CD4076BMS LOGIC DIAGRAM 
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CD4076BMS 


TRUTH TABLE 


NEXT STATE 
OUTPUT 


DATA INPUT DISABLE 


Q 


RESET 


z 
Q 


= 
Q 


= 
Q 


HIN 


=z 
Q 


When either Output Disable M or N is high, the outputs are disabled (high impedance state), however sequential operation of the flip-flops is not affected 
1 = High Level X = Don’t Care 
0 = Low Level . NC = No Change | 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


a: 2 
3 3 
= GATE-TO-SOURCE VOLTAGE (VGS) = 15V 
b ss 
E 2 : 
3 3 
s s 
o, B 
3 g 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 15 10 5 
AMBIENT TEMPERATURE (Ta) = +25°C SH ‘| < AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V F=—— = GATE-TO-SOURCE VOLTAGE (VGS) = 5V F = 
5 S 
= = 
E z 
tc cr 
o a 
3 3 
g a 
6) 
x 
3 3 
LS w 
G G 
= ae 
2 | 
: 3 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS _ CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


: pet ie a4 | 
- Zs il 


SUPPLY VOLTAGE (VDD) = 5V_ 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
n 
° 
° 


0 20 40 #4260 ~~ 80 100 120 140 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE (CLOCK TO Q) 


MAXIMUM CLOCK FREQUENCY 
(fCL MAX) (MHz) 


0 5 10 15 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURES. TYPICAL MAXIMUM CLOCKINPUT FREQUENCY vs 
SUPPLY VOLTAGE 


RESET 


Q 
OUTPUT 
tPHL 


AMBIENT TEMPERATURE (, A) = ssasre] | 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60.80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME vs LOAD 


CAPACITANCE 
5 
Ob | career Serta iaii 
= $e Hora 
& 408” E2F=¢ SUPPLY VOLTAGE (VDD) = 15V page bs 
ud é CT TT OLA aa 
Gg? be 10V tA a tt 
ao 10°) ere ett tt 
we 8 CTT min |mmanl 
z 2th ptt tt tt 
2 402, Ett os is Soom Soom oo nS Goo 
< 3 Bmisim PET TT 
3 § LAL tt 
7) 2 uns Gee os Ae OF AO A 6 ee © Ce Cree ES One © Es Ge OE Oe 2 es ee Oe ee 
oO 7 Ll 
i s LIF 
> $e 
ro) "4 
a. 2 tA 
1 LIZ 
2468 2 2468 2468 2468 
1071 1 108 104 
INPUT FREQUENCY (f) (kHz) 
FIGURE 9. TYPICAL DYNAMIC POWER DISSIPATION vs 
FREQUENCY 


FIGURE 10. FUNCTIONAL WAVEFORM 
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vDD 
OUTPUT DISABLE — vss 
se 
a — vop 
Q OUTPUT —- VOL 
Q OUTPUT —— VOH 
eS VSS 
tPHZ tPZH 


FIGURE 11. FUNCTIONAL WAVEFORM 


Chip Dimensions and Pad Layout 


69-77 
(1.753 ~1.956) 


a cseie | 
(0.102 - 0.254) , 
~ 90 


(2.083 ~ 2.286) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


LOGIC 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features mn 

e High Voltage Type (20V Rating) 

e Medium Speed Operation — 

- tPHL, tPLH = 75ns (Typ.) at VDD = 10V 

Buffered Inputs and Output 

5V, 10V and 15V Parametric Ratings 

e Standardized, Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 

e Noise Margin (Over Full pacreg | emperature Range) 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


° Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of | 


‘B’ Series CMOS Devices” 


Description 
CD4078BMS NOR/OR Gate provides the system Secpel with 


direct implementation of the positive logic 8 input NOR and OR’ |. 


functions and supplements the existing family of CMOS gates. 
The CD4078BMS is supplied in these 14 lead outline packages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


+ JnAvbeCeDeEsFe Grn 
| NC=NO CONNECTION — 


CD4078BMS 


CMOS 8 Input NOR/OR Gate 


CD4078BMS 
TOP VIEW 


Pinout 


**#K=-A+B+C+D+E+F+G+H 


Functional Diagram 


9o0>: 


E 
F ee ee 
G J=A+B+C+D+E+F+G+H 
H K=A+B+C+D+E+F+G+H 
6, 8 = NO CONNECTION 
vDbD=14 
VSS =7 


Logic Diagram 
AGH > 
B@ S 
c@1> 
> © > 
E@] > 
F @+ > 
e © > 
H @-]| > 


FIGURE 1. LOGIC DIAGRAM 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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Specifications CD4078BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... 0.5Vto+20V Thermal Resistance ................ Bia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input................. 0. eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ..............5.- +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum _ Junction Temperature ..... 0... cece cece erence ewes +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUBGROUPS 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
HL VIN=VDDorGND- |VDD=20 
VDD = 18V 
VIN=VDDorGND- {|VOD=20 
VDD = 18V 


Output Voltage VOL15 |VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 


LIMITS 


TEMPERATURE 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 0.7 


425°C 7 | 28) 


+25°C VOH >} VOL < 
ae vob | VOD/2 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Input Leakage Current 


Input Leakage Current 


14.9 


Output Current (Source)| IOH5A |VDD = 5V, VOUT = 4.6V 
Output Current (Source)} IOH5B |VDD = 5V, VOUT = 2.5V 


VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 1,2,3 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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+25°C, +125°C, -55° 


+25°C, +125°C, -55° 
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+25°C, +125°C, -55° 
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Specifications CD4078BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| GROUP A | LIMITS | 
CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE UNITS 


-TPHL | VDD = 5V, VIN = VDD or GND 
+125°C, -55°C 


(NOTES 4 Cn MAK] 

0.9 eo 

[tort | viasro, a | | 70 [me 
on Pa28 

NOTES: 


+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER. 


Supply Current 


PARAMETER SYMBOL 


Propagation Delay 


Transition Time . 


Maximum Clock Input 
Frequency 


— ~ 
<r = 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS | NOTES 
VDD = 5V, VIN-= VDD or GND 

VDD = 10V, VIN = VDD or GND |= 
VDD = 15V, VIN = VDD or GND 


LIMITS 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C - 
+125°C 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


N 


A] ; 
mT o 


Output Voltage 


VDD = 5V, No Load 

VDD = 10V, No Load | eG 

VDD = 5V, No Load +25°C, +125°C, 
-55°C 

VDD = 10V, No Load +25°C, +125°C, 
-55°C 


Output Voltage 


Output Voltage 4.95 


VOL 
VOL 
VOH 
VOH 


Output Voltage 


3 
> 


‘Output Current (Sink) 


3 
> 


IOLS | VDD =5V, VOUT =0.4V +125°C 
| -55°C 
IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
-55°C 
IOL15 | VDD = 15V, VOUT = 1.5V | 1,2 +125°C 
| -55°C 
IOH5A | VDD =5V, VOUT = 4.6V +125°C 
IOH5B_ | VDD = 5V, VOUT =2.5V 
IOH10 | VDD = 10V, VOUT =9.5V 
IOH15 | VDD =15V, VOUT = 13.5V 


= 
> 


Output Current (Sink) 


ro) 
3 
> 


3 
> 


Output Current (Sink) 
mA 
mA 


4 


ho 


Output Current (Source) -0.36 


S 
> 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


Output Current (Source) -1.15 mA 


> 


= 


Plelelelelele pele] el BPP PEPE 


Output Current (Source) 
| mA 
mA 
mA 


Output Current (Source). 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Vi. [VDD = 10V, VOH > 9V, VOL <1V 1,2 +25°C, +125°C, 
-55°C 
VDD = 10V, VOH > 9V, VOL < 1¥V 


Propagation Delay TPHL |VDD=10V 
gay VDD = 15V 


Transition Time TTHL © 
re Ee 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


| DD | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH_ | VDD = 10V, ISS =-10nA 


| MIN 
fee 
| 28 
Delta 
| 02 | 
ce 


P Threshold Voltage VSS = OV, IDD = 10HA 


P Threshold Voltage AVTP |VSS =OV,IDD = 10pA +25°C 
Delta 
Functional F VDD = 18V, VIN = VDD or GND 425°C VOH > 
VDD = 3V, VIN = VDD or GND vobi2 
TPHL |VOD=5V 1,2,3,4 +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. ‘4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sumy uren-ssr— [00 sea 
+ 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | 
CONFORMANCE GROUP METHOD | GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A | 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 


Interim Test 2 (Post Burn-in) 100% 5004 IDD, 1OL5, IOHSA 
PDA (Note 1) 100% 5004 1,7, 9, Deltas aera 


POA Note 1) —_ 100% 500 17,8, Daas oe 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Interim Test 3 (Post Burn-in) "100% 5004 IDD, IOL5, IOHSA 


Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas | Subgroups 4, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION _ 


a ee TEST READ AND.RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD _ POST-IRRAD PRE-IRRAD POST-IRRAD 


FUNCTION 


Static Burn-in 1 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
Note 1 
Static Burn-In 2 


oe 
Note 1 
Dynamic Burn- 7 7 | 
In Note 1 
Scnith SRE ceed 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V } | OO 
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Schematic 


VDD - DETAIL OF INVERTERS 
VDD 


INVERTERS 


VDD vss 


INVERTERS vss VDD 


ved Ae an 


102 > 
ae > 
ns > 


LOGIC 


‘ vpp vss 


Fo * ALL INPUTS PROTECTED BY 


CMOS PROTECTION NETWORK 
vss 


FIGURE 2. SCHEMATIC DIAGRAM 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C Po 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


Ss R § 


= 
on 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
‘CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 

— -15. 10. 5 
AMBIENT TEMPERATURE (Ta) = 425°C _ 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


_- FIGURE 4, MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS _ ‘ 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) =-5V 


_ FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS 


175 


150 
125 
100 

7§ 


50 


95 


0 10 20 30 
LOAD CAPACITANCE (CL) (pF) 


40 50 60 70 80 90 £100 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


Peocrimwrerecpeare] TT] [emer emer a 
4 
pmoaneomee | | TT | ¢_.-eHH eee 
ee bas S sot | LLU TCT AAT 
"TT TT LLL] al neuron. apaeaarte 
J aQ 4 Ma" 4 iD ro 
Pe COO) eee tt 
= F5,0 UT | AZ al 
—J 10 aa re Tr 
re) = bo 4 ee oe Sd i Se So. a. 8 | _1_L 
“s {EP T_t_ EEL o2 «>t CU eA A rrr 
PEPE CET) 8. coat 
E £32 LUA A crt 
CPPCC) Sead 
a. 4 EE La a an 
sa Leaked A il 
| eee a 
0 35 ; a AS Se AOE oe ES a aS 
INPUT" YERIAGE Ww W _ INPUT FREQUENCY (fl) (kHz) 
FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


-  §3-61: 
(1.347—-1.549) 


o— 
| + |,____._ 4-10 | 
(0.102-0.254) 
58-66 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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BARRIS  CD4085BMS 


CMOS Dual 2 Wide 2 Input 
Se ae AND-OR-INVERT Gate 
Features —— | Pinout 
¢ High Voltage Type (20V Rating) 7 _ ~ CD4085BMS 
| | TOP VIEW 
e Medium Speed Operation | 
- tPHL = 90ns | | : 
° Individual Inhibit Controls . . BT 13) D1 
e 5V, 10V and 15V Parametric Ratings . E1 =INHI + A1B1 + C1D1 | 3] 12] Ct 
e Standardized Symmetrical Output Characteristics E2 = INH2 + A2B2 + C202 | 4) 14] INHIBIT 2 
* 100% Tested for Quiescent Current at 20V A215 10 ada 
| B2 D2 
¢ Maximum Input Current of 1A at 18V Over Full Pack- | wy 
age Temperature Range; 100nA at 18V and +25°C vss 8} C2 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard | Functional Diagram 
No. 13B, “Standard Specifications for prcaahca, of . 7 : 
“B’ Series CMOS Devices” 


Description 


CD4085BMS contains a pair of AND-OR-INVERT gates, each | 
consisting of two 2 input AND gates driving a 3 input NOR gate. 
Individual inhibit controls are provided for both A-O-I gates.. 


The CD4085BMS is supplied in these 14 lead outline pack- INHIBIT 2 
ages:  A2 
~ | B2- 
Braze SealDIP =. H4H - ner, | : : 
Frit Seal DIP HiB —- | =: 


- p2 
Ceramic Flatpack H5W . 


E = INHIBIT + AB + CD 
LOGIC 1 = HIGH 
LOGIC 0 = LOW 


VDD = 14 
VSS =7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3327 
Copyright © Harris Corporation 1992 7-1046 


Specifications CD4085BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Bia Bc 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input............... ce sees ees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

‘Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .. 1... cece cece ee eee eee e eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL. CONDITIONS (NOTE 1) SUBGROUPS; TEMPERATURE 


Supply Current VDD = 20V, VIN = VDD or GND 


| - | 
+125°C weed 
| 100 _ 


lel) sel 


p25 
ee ee ee 
Input Leakage Current | IIL. |VIN=VDDorGND |VDD=20 a 
sso [00 [an 
Input Leakage Current VIN=VDDorGND |VDD=20 | 425° | | 100 | sn 
reso] eoo [a 
ase 100 oa 


+25°C, +125°C, -55°C| 14.95 

+25°C | 0.53 | 
+25°C 1.4 

+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C -0.7 


+25°C 07 | 28 | 


+25°C VOL < 
aE VDD/2 | VDD/2 
+125°C 
-55°C 
+25°C, +125°C, -55°C 


Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 
Output Current (Sink) IOL5 {VDD = 5V, VOUT = 0.4V 
Output Current (Sink) VDD = 10V, VOUT = 0.5V 


Es 

ze 
| ea 
' Le 
| -0.53 | 
1.8 | 
ala 
35 | 


Output Current (Source) | IOH1S | VDD = 15V, VOUT = 13.5V 
N Threshold Voltage VNTH {VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 


io] 

> 
< 
O 
<= 
Vv 


08) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C is 4 


O 
= 
co 
= 
Q 
i 
ra 
= 
B 
° 
Cc 
3) 
= 
< 
O 
oO 
Hl 
on 
Ss 
< 
O 
Cc 
ce | 
mT 
\ 
on 
< 


+25°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
; implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Data 


+125°C, -55°C 


MIN | 
a ae a 
| 10,14 | +1260, 55° | - 

Propagation Delay TPLH1 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 

all hal aad 

Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 

peewee a eet 

Propagation Delay TPLH2 |VDD=5V,VIN=VDDorGND | 9 be | 

penne ee eee] 

eal 
al 


Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425% | 
ane I 10,11 | +125°C, -55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 


Supply Current VDD = 5V, VIN = VDD or GND 


LIMITS 


Pelle ble el BEEP B 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


-55°C, +25°C 


w 


VDD = 10V, VIN = VDD or GND 


| | P VDD = 15V, VIN = VDD or GND 
Output Voltage aa VDD = 5V, No Load | 


 +425°C 

425°C, +125°C, 
-55°C 

Output Voltage st VDD = 10V, No Load +25°C, +125°C, 
-55°C 


VDD =5V,NoLoad.  — 425°C, +125°C, 


-55°C 


+25°C, +125°C, 
-55°C 


+125°C 
 -55°C 
+125°C 
-55°C 
+125°C 
-55°C 


Output Voltage 
Output Voltage VDD=10V,NoLoad —s> 


Output Current (Sink) _ IOLS | VDD = 5V, VOUT = 0.4V | 1,2 
Output Current (Sink) IOL10 |VDD= 10V, VOUT =0.5V 1,2 
Output Current (Sink) lIOL1S | VDD=15V, VOUT=1.5V 
Output Current (Source) | IOHS5A | VDD =5V, VOUT = 4.6V +125°C 
| 7 \ : : 7 -55°C 
Output Current (Source) lIOH5B: | VDD = 5V, VOUT = 2.5V | 1,2 | +125°C © 
= . -55°C 


VOL 

VOL . 
‘VOH 

VOH } 


>} >ti >! > 


2.4 
4.2 


3 
>| >| > 


m 


> 


m 
-1.15 mA 
mA 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


+25°C, +125°C, 
-55°C 


425°C, +125°C, +7 
-55°C 


+25°C 


+25°C 
VDD = 10V 
VDD = 15V 


Propagation Delay 
Inhibit 


Transition Time 


NOTES: 
1. All voltages referenced to device GND. 


nN 
© 


“NJ 
on 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 


on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


PARAMETER SYMBOL TEMPERATURE 


N Threshold Voltage AVIN [VDD = 10V, ISS = -10pA ee 
Delta 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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-. TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-msia—| 0D [roam 
[Output Curent Source) | 1OHGA [2 20%xPreTest Reading 


CONFORMANCE GROUP 


TABLE 6. APPLICABLE SUBGROUPS. 


 MIL-STD-883 ~ | | 
METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bumn-In) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, OHA 
Interim Test 2 (Post Burn-in) 00% 5004 IDD, 1OL5, IOHSA 


io 
TPoawoet) ‘| toons sooe | TSO PCS 
Fraltest —_———~—*dCtooe oon fC eR dP SSSCSC~* 
[Groups| Sampiesoos | 4.2,3,7,0a0n 90007 [SSS 


Sample 5005 | | 1,2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


” 
Cc 
a 
° 

e 

a) 

on 
ro3) 
” 
) 

3 
S 
@ 

5 
a 
= 
N 
a) 


TABLE 7. TOTAL DOSE IRRADIATION | 


ain.-S1D-0e8 7 TEST ___ READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


- | OSCILLATOR 
Static Burn-in 2 7 1, 2, 5, 6, 8-14 
Note 1 . 
_ | Dynamic Burn- . 7 14 1, 2, 5, 6, 8, 9, 
In Note 1 12, 13 


FUNCTION 


Static Burn-in 1 
Note 1 


Irradiation 1,2, 5, 6, 8-14 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V i. : ie 
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CD4085BMS 


Schematic 
INHIBIT 1 AQ— 
. VDD 
a 
7 VDD 
n 
Ai (1) p 
Pp Pp 
n 
*& 
"< - A 
ony, VSS : : 
n n E1 
Pp Pi n 
2 vss 
c1 G2— 
a 
p1 G3— + 
VSS 
VDD 
| | 
Oo 
VOD ,) 
, n ° 
A2 (5)— 
n 
B1 (6)— = 
vop VSS 
2 | 
| | TERM. 14= VDD vss 
c2 (8)— TERM. 7 =VSS 
é n 
p2 (¢)-"— 
| vss * ALL INPUTS PROTECTED BY — 
INHIBIT 2 G)— CMOS PROTECTION NETWORK vss 


FIGURE 1. CD408B SCHEMATIC DIAGRAM 
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CD4085BMS 


Typical Performance Characteristics 


ue AMBIENT TEMPERATURE (Ta) = +25°C 
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FIGURE 2. TYPICAL VOLTAGE AND CURRENT TRANSFER 
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CHARACTERISTICS . 


AMBIENT TEMPERATURE (Ta) = +25°C 


CHARACTERISTICS 
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FIGURE 5. TYPICAL DATA HIGH-TO-LOW LEVEL PROPAGA- 


FIGURE 4. TYPICAL POWER DISSIPATION vs FREQUENCY 


_ TION DELAY TIME vs LOAD CAPACITANCE 
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FIGURE 6. TYPICAL DATA LOW-TO-HIGH PROPAGATION 


FIGURE 7. TYPICAL DATA PROPAGATION DELAY TIME vs 


SUPPLY VOLTAGE 


DELAY TIME vs LOAD CAPACITANCE. 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Tq) = +25°C Fell 


AMBIENT TEMPERATURE (Ta) = +25°C — 


5 |. z ae ae ae ee 
E 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V Ee : 
lu Lu 
E 2 - 
3 Pe ; 
= 15 = : 
pa | al 
E 10 = a 
Es | E | 
ro) . 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 8. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 9. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS ~ CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
AMBIENT TEMPERATURE (Ta) = ac] -15 -10 5 0 


= Zz x a 7 = — enero sence cy 
Execs 


GATE-TO-SOURCE VOLTAGE (VGS) = SV 


TRANSITION TIME (tTHL, tTLH) (ns) 
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FIGURE 10. TYPICAL TRANSITION TIME vs LOAD FIGURE 11. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CAPACITANCE CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 12. MINIMUM OUTPUT HIGH (SOURCE) CURRENT CHARACTERISTICS 
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Chip Dimensions and Pad Layout 


48-56 
(1.219 1.422) 


ae L-.  4-10 
(0.102— 0.254) 
46-54 


(1.168 — L372) 


Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10°9 inch). 

METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Barns  CD4086BMS 


CMOS Expandable 4-Wide 2-Input 


AND-OR-INVERT Gate 
December 1992 | 7 

Features Pinout 
¢ Medium Speed Operation - tPHL = 90ns; tPLH = 140ns CD4086BMS 

(Typ.) at 10V TOP VIEW 
¢ High Voltage Type (20V Rating) 
e INHIBIT and ENABLE Inputs Al 

B [2 

e Buffered Outputs aque ERB DE 
e 100% Tested for Quiescent Current at 20V AB + CD + EF +GH 
¢ Maximum Input Current of 1A at 18V Over Full Pack- 2 is 

age Temperature Range; 100nA at 18V and +25°C © E [5| 
¢ Nolse Margin (Over Full Package/Temperature Range) F [6 | 

- 1V at VDD = 5V vss [Z. 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V NC = NO CONNECTION 


Standardized Symmetrical Output Characteristics 
e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard Functional Diagram 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


10 INHIBIT/EXP 


Description 


CD4086BMS contains one 4-wide 2-input AND-OR-INVERT - 
gate with an INHIBIT/EXP input and an ENABLE/EXP input. : 


oO 
For a 4-wide A-O-I function INHIBIT/EXP is tied to VSS and rb} 
ENABLE/EXP to VDD. See Figure 2 and its associated Cc ° 
explanation for applications where a capability greater than D 


4-wide is required. 


| | E 
The CD4076B is supplied in these 14 lead outline packages: FF LOGIC 1 = HIGH . 
— LOGIC 0 = LOW 
Braze Seal DIP H4H 
G t--J 
Frit Seal DIP H1B H vss = 
11 ENABLE/EXP NC =4 


Ceramic Flatpack H4F 


J= INH + ENABLE + AB + CD+EF + GH 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3328 
Copyright © Harris Corporation 1992 7-1055 


Specifications CD4086BMS 


Absolute Maximum Ratings a ae Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Gia Gi. 
(Voltage Referenced to VSS Terminals) © 3 Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 7O0°CIW 20°C/W 

DC Input Current, Any One Input...............00 ccc ee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............6.: -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ......500mW 
Package Types D,F,K,H _ . For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .............206. +265°C _— Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | = Junction Temperature .. 0... cece eee cece ete e eee eees +175°C 


- TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


=|. 
=| 
7) 


; , GROUP A | 7 | , 
ET ST ic 
Supply Current VDD=20V,VIN=VDDorGND [| 1 | 425°C | - [| 2 | pA | 
ee ee ees 
VDD =18V,VIN=VDDorGND_ | 3 | 85°C | | 2 | pA 
fl |VIN=VDDorGND |vpbD=20 | 1 | 425°C | -100 | - son | 
Input Leakage | voD=20 | 1 | 25°C | - = 100 | nd | 
ede ee ee 
vop=1av{_—38 | PC | C= f 100 | na | 
[Oupurvorage | vouis [voD=tev,Noload ——=«—=in, 2.20, 1200, ser] - | 50 | mv 
fOutputVottage | VOHIS [VDD=15V, NoLoad (Notes) | _1,2,9 _[#2590, +1260, 55°] 1405] - | v_ 
Output Current (Sink) [| IOLS [VDD=5v,vouT=04v | et | 25°C | 5B] - | mA 
Output Current (Sink) | 1OL10 [vDD=10v,vouT=0.5v | 1 | S25 4 | | ma 
(Output Current (Sink) | 1OL15 [vDD=15v,vouT=1.5V | 1 | PC | 8 | C| ma 
OutputCurrent (Source)| IOHSA [VDD=5V,vOUT=46v | 1] 25ST C -0.53 | mA 
OutputCurrent (Source)} IOH5SB [VDD=5V,vouT=25V | 1] 25°C |  -1.8 | mA | 
Output Current (Source)|_ 1OH10_|VDD = 10V, VOUT = 9.5V ee ee ee ce 
[Output Current (Source)|_IOH15 [VDD = 15V, VOUT = 13.5V ee ee P< - 
IN Threshold Volage | VNTH |VOD=10v,ISS=1sa [1 | _+asc_ | 28 | 07 | v_ 
VPTH |VSS=0v,IDD=1:A [1 | vas | o7 | 28 |v | 
Functional S| VOH> |voL<| Vv 
| venieg were 
VDD=18V,VIN=VDDorGND_ | 8A] 125°C 
(Note 2) . | 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55°C Per ee 
(Note 2) _ 
VDD = 15V, VOH > 13.5V, see * +25°C, +125°C, -55°C Le pene 
(Note 2) VOL < 1.5V 
VDD = 15V, VOH > 13.5V, a 425°C, +125°C, -55°C et | 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD4086BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A soul 
PARAMETER —_| SYMBOL| CONDITIONS (NOTES 1,2) | SUBGROUPS | TEMPERATURE UNITS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VOD or GND 
eee +125°C, -55°C 
Propagation Delay TPLH1 | VDD =5V, VIN = VDD or GND 
DATA 


| MIN | 

CC. el | | 

L401 | a 

ee ee ee 

| 10,11 a 

Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 
| 8 Ee 

| 10,11 | = 

ae Ee, 

| 10,11 LS 


675 


+125°C, -55°C 
Propagation Delay TPLH2 | VDD =5v, VIN = VDD or GND 
eee | +125°C, -55°C 
Transition Time TTHL {VDD =5V, VIN = VDD or GND 
TTLH 


NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


N oo =) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VOL 
VOL 
VOH 
VOH 


LIMITS 


TEMPERATURE 


x 


VDD = 5V, VIN = VDD. or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


Output Voltage 
Output Voltage 
Output Voltage 


Le VDD = 5V, No Load 
Output Voltage hae 


VDD = 10V, No Load 
VDD = 5V, No Load 
Output Current (Sink) 1OL5 | VDD = 5V, VOUT = 0.4V 


Output Current (Sink) IOLi0 {VDD =10V, VOUT =0.5V 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 


-55°C 


425°C, +125°C, | 4.95 
-55°C 


VDD = 10V, No Load Le +25°C, +125°C, 


Output Current (Source) IOH5A_ =| VDD = 5V, VOUT = 4.6V 
Output Current (Source) IOH5B. | VDD = 5V, VOUT = 2.5V 
Output Current (Source) ene VDD = 10V, VOUT = 9.5V 


-55°C 
+125°C 
-55°C 
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Specifications CD4086BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL| CONDITIONS NOTES _ | TEMPERATURE 
Output Current (Source) | 1OH15 | VDD =15V, VOUT = 13.5V i } ——-4.425°C 


LIMITS 


+25°C, +125°C, 7 


VIL 
| -55°C 
Input Voltage High VDD = 10V, VOH > QV, VOL < 1V 
55°C © 


Propagation Delay TPHL1 | VDD=10V 
= + 


E 


Input Voltage Low he VDD = 10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, 


425°C 


=) 


Propagation Delay TPLH1 | VDD =10V eee 
DATA | | 


0 


Propagation Delay TPHL2 |VDD=10V 


Q 
2 
2 
Propagation Delay TPLH2 | VDD =10V 
INHIBIT 
+2 
2 


8 
2 
8 
2 
200 
4 
0 
7. 


ale 


-| Transition Time TTHL1 | VDD =10V | 4,2,3 | 425°C 


| 
| 
{ 
{ 
1 
1 


0 


input Capacitance [| cIN [anyimmut sn? «|S _C*S 
NOTES: | | 
1. All voltages referenced to device GND. . . 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized. 
on initial design release and upon design changes which would affect these characteristics. 


3. CL=50pF, RL = 200K, Input TR, TF < 20ns. 


E 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 LIMITS 
NOTES |TEMPERATURE| MIN | MAX | UNITS 


ae ee 
28 [02 |v 


02 |v 
lee dead hal 
poz | 28 | iv | 
i Bi 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Sums Curent-wsit [00 —roqa 
: + 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 _ 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


TPoAWowt) +s? toonsoos | Tbe 


Poa Wows) | 1o0%so0s | 7. bows 
Frattest___—*+dt too sooe | i eae PC 
[Sous -) Sampiesoos | a aa7enene10n fT 
i on oe a eS ENN 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


eee TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD POST-IRRAD 
Group E Subgroup 2 a TY 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 1 14 
Note 1 


Static Burn-in 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 
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LOGIC 


CD4086BMS — 


VDD 
P +P P 
eee Ol Re ee 
ae (ea a 
ae ei . 
c at 
a 
a) 
oa 
i ; 
E | A 
: a | 
| vss 
TERM14=2vpD = _—- VDD ye? 
TERM 7.= VSS 
é . 
a 
2 - bed te 
H @ 
ENABLE/EXP’ (11) | | vss 
*ALLINPUTS PROTECTEDBY —siw 
ANHIBITIEXP (10) CMOS PROTECTION NETWORK 
| FIGURE 1. SCHEMATIC DIAGRAM 
INHIBIT/EXP1 INHIBIT/EXP2 : 
| Al VSS A2 
B1 . ain B2 | | 
‘D1 Jt D2 - 
D; ) >> # 
E1 . E2 = ° 
F1 F2 
Gt G2 
Ht H2 » 
ENABLE/EXP2 
ENABLE/EXP1 


J2 = Al B1 + Ci D1 +E1 FE + Gl Hi + A2 B2 + C2 D2 + E2 F2 + Ga Ha 
FIGURE 2. TWO CD4086BMS'S CONNECTED AS AN 8-WIDE 2-INPUT A-O-I GATE 
Figure 2 above shows two CD4086's utilized to obtain 8-wide into the ENABLE/EXP input to obtain a 5-wide A-O-I func- 
2-input A-O-I function. The output (J1) of one CD4086 is fed _ tion. In addition, and AND gate output can be fed directly into 


directly to the ENABLE/EXP2 line of the second CD4086. In _ the INHIBIT/EXP input with the same result. 
a similar fashion, any NAND gate output can be fed directly 
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CD4086BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (TA) = +25°C 
SUPPLY VOLTAGE (VDD) = 15V 


OUTPUT VOLTAGE (VO) -V 
DRAINCURRENT (ID) - mA 


N 


: puis 
"pink VOLTAGE (VI) -V 


FIGURE 3. TYPICAL VOLTAGE AND CURRENT TRANSFER 
CHARACTERISTICS — 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


-DRAIN-TO-SOURCE  rchacae (VDS) (V) _ 


“FIGU RE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 = 
AMBIENT TEMPERATURE (Tq) =+25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT | 
CHARACTERISTICS 


TRANSITION TIME (tTHL, tTLH) (ns) 
ne 
Lo) 


OUTPUT HIGH (SOURCE) CURRENT (0H) (mA) 


AMBIENT TEMPERATURE (TA) = +25°C 


«A =~ 
i=] a 


OUTPUT VOLTAGE (VO) -V 


\ 
\ 
N) 
\ 
N ; 
NS 
0 5 10° 15 
INPUT VOLTAGE (VI) - V 


FIGURE 4. MINIMUM AND MAXIMUM VOLTAGE TRANSFER 
CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


LOGIC 


0 eS 0... 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) _ 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) Seinen 


CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


i] 
=) ; 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL TRANSITION TIME vs LOAD 


CAPACITANCE 
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Typrcat Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10. 5 0 


> AMBIENT TEMPERATURE (Tq) = +25°C Z 
= ITE-TO-SOURCE VOLTAGE (VGS) = -5V = 
(ao) 
= 4 ry 3 
° yf — E 
g ae 3 
B 192 at ra} 
G —_ —— g 
i Tl a 2 3 
S 10! mix DB 
me = = 
TT g 
10° TT - 
10°! E 
FREQUENCY () (kHz) 


FIGURE 9. TYPICAL POWER DISSIPATION vs FREQUENCY FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
| . —— CHARACTERISTICS 


LOW-TO-HIGH LEVEL PROPAGATION 
DELAY TIME (tPLH) (ns) 


HIGH-TO-LOW LEVEL PROPAGATION 
DELAY TIME (tPHL) - ns 


0 20 —s(«40 60 80 100 


LOAD CAPACITANCE (CL) - pF LOAD CAPACIT. ANCE (CL) (pF) 
FIGURE 11. TYPICAL DATA OR ENABLE HIGH-TO-LOW LEVEL FIGURE 12. TYPICAL DATA OR ENABLE LOW-TO-HIGH LEVEL 
- PROPAGATION DELAY TIME vs LOAD PROPAGATION DELAY TIME vs LOAD. 
CAPACITANCE — % 6 CAPACITANCE 


_ AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50pF 


~ ah 
g § 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 25 £5 75 10 #125 15 17.5 20 
SUPPLY VOLTAGE (VDD) (V) 


_ FIGURE 13. TYPICAL DATA OR ENABLE PROPAGATION 
DELAY TIME vs SUPPLY VOLTAGE 
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Chip Dimensions and Pad Layout 


48-56 
(1.219- 1.422) 


(0) — 
4-10 
(0.102 — 0.254) 
46-54 
(1.168 — 1.372) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 


PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4089BMS 


CMOS Binary Rate Multiplier 


Features 

¢ High Voltage Type (20V Rating) 

e¢ Cascadable in Multiples of 4 Bits 

¢ Set to “15” Input and “15” Detect Output 

¢ 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings | 

e Standardized Symmetrical Output Characteristics 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2V at VDD =10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ Numerical Control 

e Instrumentation 

¢ Digital Filtering 

e Frequency Synthesis 


Description 


CD4089BMS is a low power 4 bit digital rate multiplier that 
provides an output pulse rate that is the clock-input-pulse 
rate multiplied by '/,, times the binary input. For example, 
when the binary input number is 13, there will be 13 output 
pulses for every 16 input pulses. This device may be used in 


Pinout 
CD4089BMS 
TOP VIEW 
“15” OUT [1] 16] VDD 
c [2] 15] B 
D {3 44] A 
SET TO “15” 13] CLEAR 
Out [5| 2] CASCADE 
OUT [6 INHIBIT IN (CARRY) 
INHIBIT OUT (CARRY) 10] STROBE 


us conjunction with an up/down counter and control logic used 


to perform arithmetic operations (adds, subtract, divide, raise 
to a power), solve algebraic and differential equations, 
generate natural logarithms and trigometric functions, A/D 


~ and D/A conversions, and frequency division. 


For words of more than 4 bits, CD4089BMS devices may be 
cascaded in two different modes: an Add mode and a Multi- 


- ply mode (see Figures 3 and 4). In the Add mode some of 


the gaps left by the more significant unit at the count of 15 
are filled in by the less significant units. For example, when 
two units are cascaded in the Add mode and programmed to 
11 and 13, respectively, the more significant unit will have 11 
output pulses for every 16 input pulses and the other unit will 
have 13 output pulses for every 256 input pulses for a total of 


11 de 13 
16 256 
In the Multiply mode the fraction programmed into the first 


rate multiplier is multiplied by the fraction programmed into 
the second multiplier. Thus the output rate will be 


114 13143 
16° 16 256 


The CD4089BMS has an internal synchronous 4 bit counter 
which, together with one of the four binary input bits, pro- 
duces pulse trains as shown in Figure 6. 


If more than one binary input bit is high, the resulting pulse 
: train is a combination of the separate pulse trains as shown 
in Figure 6. 


The CD4089BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4w 
Frit Seal DIP H2R 
Ceramic Flatpack §H6P 
Functional Diagram 
BINARY RATE 


SELECT INPUTS 
—_"_ 


INHIBIT 


OUT 
OUT 
COUNTER 
RATE 
OUTPUTS 
“15" OUT 
VDD = 16 INHIBIT (CARRY) OUT 
VSS = 8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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Specifications CD4089BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C, 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............4.6. 70°C/W 20°C/W 

DC Input Current, Any One Input................ 2c ee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

_ Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 

Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C . Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ... 6... ccc ccc cc cee cee eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
GROUP A 
PARAMETER —_| SYMBOL CONDITIONS (NOTE 1) |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Supply Current VDD = 20V, VIN = VDD or GND i ee eee ee ee 
ee ee 
55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55% 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VDD = 18V, VIN = VDD or GND 


NIL VIN=VDDorGND- {VDD=20 


VIN=VDDorGND- |VDD=20 


VDD = 18V 
VOL15 |VDD = 15V, No Load 


Output Voltage ~ | VOH15 §1,2,3 
Output Current (Sink) IOL5 1 
Output Current (Sink) | 1OL10 
Output Current (Sink) JOL15 
Output Current (Source)} IOH5A 
IOH10 |VDD = 10V, VOUT = 9.5V 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 

(Note 2) . 

Input Voltage High VIH VDD =.5V, VOH > 4.5V, VOL < 0.5V : 

(Note 2) 

{Input Voltage Low - VIL VDD = 15V, VOH > 13.5V, 4 
VOL < 1.5V 

Input Voltage High VIH. VDD = 15V, VOH > 13.5V, 

(Note2) | VOL < 1.5V 


‘NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VOD. Limit 
/ implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


Input Leakage Current 


nA 
nA 
nA 
‘|Input Leakage Current nA 
aad nA 


14 


fe) 


O 
= 
Lom ol 
no} 
c 
- 
< 
re) 
= 
oy 
io} 
@ 


— 


31.8 | 

35 | 
425°C 
+25°C 


+25°C VOH>| VOL < 
525° | WDDv2 | vop/2 

| +125°C | 
-55°C | | 


Output Current (Source 


ee 


Output Current (Source 
Output Current (Source 
N Threshold Voltage 
P Threshold Voltage 


So ys 
N > 


@ 
> 


foe) 


B 


Q 


2) 


+25°C, +125°C, -55° 


© 


+25°C, +125°C, -55° 


—_ 
za 
oOo 
= 
® 
ie) 
— 


425°C, +125°C, -55° 


Q 
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Specifications CD4089BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Clock to Output TPLH1 . 40,11 ‘| +128°C, -55°C | 
Propagation Delay VDD=5V,VIN=VDDorGND |. 9 | +25 | 
Clear to Out TPLH2 | — i: [40,11 | +125°C, 55°C | 
Cascade to Out TPLH3 7 : . | 10,11 | +125°C, -55°C | 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | #25 | 

a eee 
Frequency | ee et 10,11 | 


425°C 
2. -55°C and +125°C limits. guaranteed, 100% testing being implemented. 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE UNITS 
Supply Current fe VDD = 5V, VIN = VDD or GND -55°C, +25°C 


+125°C 
-55°C, +25°C 
+125°C 


a 
eae 
a 
425°C, +125°C, Lt 
-55°C 
+25°C, +125°C, La 
-55°C 
+25°C, +125°C, Racer 
-55°C 
+25°C, +125°C, 
ee oe 
85°C | 0.64 | 
| 0.9 | 
| 1.6 | 
| 2.4 
ae 
fe cee 2 
ae 
eed 
acon! 
fe eed 


-55°C, +25°C 
VDD = 15V, VIN = VDD or GND 


Cn 
—o 

ree 

oat 


VOL5 1|VDD=5V,No Load 
Output Current (Sink) 10L10 |VDD=10V, VOUT=0.5V 
(Si =1. +125°C 
ee 
( = 4, +125°C > 
( = 2. +125°C 
‘= 9, +125°C 
= 


ee | 
ne eel oe 
ne 


VDD = 10V, VOUT = 9.5V 


Output Current (Source) 


ia 
8 
<= 
= 
cont 
— 
Bone 
sal 
a 
ae 
ae 
ccs 
Exe 
xe 
= 
= 
= 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 


Output Current (Source) 
Input Voltage Low 
Input Voltage High 


Propagation Delay 


LIMITS 


c 


TEMPERATURE NITS 
+125°C 
-55°C 


+25°C, +125°C, 


NOTES 


=| 


VDD =15V, VOUT = 13.5V 


= 
> 


VIL VDD = 10V, VOH > 9V, VOL < 1V 
VIH +25°C, +125°C, +7 
-55°C 
+25°C 


VDD = 10V, VOH > SV, VOL < 1V 


TPHL4 | VDD=5V 


<i|< 
os Re) 
O;oO 
tt 
ok, 
°o 
< 


Tee ea 
.@) 


Clock to Out TPLH4 +25°C 

= 15V 1,2,3 +25°C 
Propagation Delay TPHL1 | VDD =10V +25°C 
Clock to Out TPLH1 


15V 2,3 +25°C 
VDD = 5V +25°C 
= 10V 1,2,3 +25°C 

y= 15V +25°C 
+25°C 

+25°C 


< 
0 
Oo 


<i< 
O;0 
O;9 
uN 
LS) 


TPHLS5 720 


Propagation Delay 
Clock to Inhibit Out 


[o°) 


TPLH5 


_ 
- 


Propagation Delay 2, 


Clock to Inhibit Out =10V 


<i|</[< 

O;TO]oO 

i 
M 

on 

< 


= 15V 425°C 


= 15V +25°C 150 
TPHL2 | VDD =10V +25°C 
Clear to Out TPLH2 VDD = 15V 425°C 
Cascade to Out TPLH3 +25°C 7 
Propagation Delay TPHL6 +25°C 
Clock to “9” or “15” Out TPLH6 VDD = 10V +25°C 
| = 15V +25°C 180 
Propagation Delay TPHL7 | VDD=5V +25°C 
Inhibit In to Inhibit Out TPLH7 10V 425°C 
| = 15V +25°C 
Propagation Delay Set TPHL8 |} VDD=5V +25°C 
toOut — TPLH8 [ypp = 10V +25°C 
. = 15V +25°C 
TTHL = 10V +25°C 
TTLH 


Maximum Clock Input FCL - = 10V +25°C - MHz 
Frequency = 15V 425°C MHz 


TSU |VDD=5V 
VDD = 10V 
VOD = 15V 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Minimum Inhibit-in Setup 
Time 


Minimum Inhibit-In 
Removal Time 


VDD = 10V 
VDD = 15V 
VDD = 5V 

VDD = 10V 
VDD = 15V 


Minimum Clock Pulse TW 


Width 


170 


< <i<i<i| <j] < <i< < 
oO Oo; O;O;/0;0 oO; oO s) 
oO OTFO;}O;o; 0 O;TO Oo 
I il 

oO 

< 


4 

Be) 

m 
= 
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Specifications CD4089BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER | SYMBOL NOTES TEMPERATURE 


Caan | wAX_| unis 
Manirum GiockFise and 
[er 
woos SC~idSC 
woos SC*dSC 
voosevSSC~d 
woos SCC YO 
mens 
aria 
1.28 | 
4.23 
ey 


Minimum Set Removal 150 


Time 


Minimum Clear Removal 
Time 


NOTES: ; ; 
1. All voltages referenced to device GND. : 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. = 
4.. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
_delay of the output of the driving stage for the estimated capacitive load. 


Minimum Set or Clear 
Pulse Width | 


160 


NI 
oO 


no) 
al 


nD 
% 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


: LIMITS | 
? PARAMETER SYMBOL CONDITIONS | NOTES | TEMPERATURE UNITS 


SupplyCurrent == | = IDD_—_} VDD = 20V, VIN = VDD or GND | 25 | pA | 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10pA | 02 | vi 


N Threshold Voltage AVTN {VDD = 10V, ISS = -10HA . +25°C +1 
Delta 7 . 
mhz 


P Threshold Voltage “VTP |VSS = OV, IDD = 10pA zs 
VOH > | VoL < 
vop/2 | voD/2 


P. Threshold Voltage AVTP |VSS = OV, IDD = 10pA aa +25°C 
Delta . 


Functional VDD = 18V, VIN = VDD or GND 
| VDD = 3V, VIN = VDD or GND 


V 
V 
V. 
V 
V 


NOTES: 1. All voltages referenced to deviceGND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. - 4, Read and Record 7 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Curent-msi2 [00 [eta SSCS 
[Output Curent Sous) | TOHSA [20% xPre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[poate | 10000 | Cee PCS 
Proawoe) __—*| too sooe | ngewe | 
Fraltest _———~*;~—toom soe [eA | SCCSCSCS~S 
jarupa | Sampiesoos | 4.2,0,7,¢n,0n91007 | 
al Tsampesos [ne CPSCSCS~*S 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


Static Burn-in 1 
(Note 1) 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Logic Diagram 


> 


VVVVIVVVV 


VV VV 


% 
ay 
> 

e 


* 
ay 
ol 
Ow 


* 
i) 
° 


e 
e 


* 
@ 
C 


CLOCK 
*9 a 


CLEAR 
*413 


SET TO “15” 
*40 


VALU EY, 


INHIBIT IN 
*410 


VDD 


VSS 


-.. ©D4089BMS 


2 919 12 12 


V, 


FIGURE 1. LOGIC DIAGRAM 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK . 
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STROBE ¢ 


9 CASCADE 


> ; INHIBIT OUT 
e e 07 


CD4089BMS 


TRUTH TABLE 


INPUTS | OUTPUTS 


NUMBER OF PULSES OR INPUT LOGIC LEVEL NUMBER OF PULSES OR OUTPUT LOGIC LEVEL 
(0 = Low; 1= High; X = Don't Care) : (L = Low; H = High) 


OUT INH OUT | “15” OUT 


e 
rT 
A 
” 
= 
3 
g 
= 
| 
rm 
=f 
2) 
Cc 
= 


«--]oee|ooes ooooro°ccor;oc°c$”*”oo 


n2e[eee[eees ee anne ae 


-omSs 


a 


L 
1 
2 
3 
0 16 4 
0 16 5 
1 16 6 
1 16 e 3 
0 16 8 
0 16 9 
1 16 10 
1 16 11 
12 12 
13 13 
14 14 
15 15 
Xx 
Xx 
Xx 
X 
Xx 
X 


Seal Mad nae 
Oo © Oo 
repospeeeneposbe 
recposieefseepoebr 


* Output same as the first 16 lines of this truth table (depending on values A, B, C, D) 
* Depends on internal state of counter 


MOST SIGNIFICANT LEAST SIGNIFICANT MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT DIGIT DIGIT 


—~ Oo -« «A 


FIGURE 2. TWO CD4089BMS’s CASCADED IN THE “ADD” FIGURE 3. TWO CD4089BMS’s CASCADED IN THE “MULTI- 


MODE WITH A PRESET NUMBER - PLY” MODE WITH A PRESET NUMBER 
11, 19 _ 198) (1, 18 . 149) 
oF 129 (41 + 38 = 188 OF 143 \46 + 46 = 256 
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CD4089BMS 


ocx J UU UU UU UU UU UU UU 


COUNTER STATE 0 123 45 6 7 8 9 10 1112131415 01. 


(LSB) INPUT A =H —. : SS 
INPUT B = H Saeeee | Lewes | eens OUTPUT 
, | i i. > WAVE TRAINS’ 
INPUT C =H a | Sees | ee | eee | ie 
ion et et Lae 


* AN OUTPUT BIT MAY BE FILLED IN THIS COUNTER STATE 
BY A LESS SIGNIFICANT CD4089 CASCADED IN THE ADD MODE 


FIGURE 4. TIMING DIAGRAM 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C fied 


OUTPUT LOW (SINK) CURRENT (lol) (mA) 


OUTPUT LOW (SINK) CURRENT (IL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) : DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS . | CHARACTERISTICS 
_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 S$ 0, -15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C <q AMBIENT TEMPERATURE (Ta) = +25°C <q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 6 = GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
| : 8 S 
ae 2 
z # 
15 ac 
3 3) 
29 a a 
: : 
23 g 
S & 
20 = 
- 
fo) 
FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


- 
— 
—) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 


(LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURES. TYP.PROPAGATION DELAY TIMESAS FUNCTIONOF FIGURE 10. TYPICAL TRANSITION TIME ASA FUNCTION OF 
LOAD CAPACITANCE (CLOCK OR STROBE TO OUT) LOAD CAPACITANCE 


* {[itrenaunar won -sorPeTHE ETE 
4 | SUPPLY VOLTAGE (VDD) = 15V 
nea 

yer 
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eS 


POWER DISSIPATION PER (PD) (uW) 
ras 
rR) 
or 


Pt TUK ES 
ToS Toes 


o 
Oo 
Oo 
a 


246 


oa 


INPUT FREQUENCY (fIN) (kHz) 
FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


Neca ty 


We cance pam _ . ae SS aces Ne 
ton ue = ——— Dimensions in parenthesis are in millimeters and are 


aim c derived f the basic inch di j indicated. . 
|: i iim i i ian 1 can ee cid arsduistions seine aos is —e 
OW a | 5 30:98, 
ar iG ci i) Joa (2:286-2489) 
| we el ma ae METALLIZATION: Thickness: 11kA — 14kA, AL. 
i ul een : <= PASSIVATION: 10.4kA - 15.6kA, Silane 
Te) ole ae BOND PADS: 0.004 inches X 0.004 inches MIN 


oo ) + ta 16 Gal Wa DIE THICKNESS: 0.0198 inches - 0.0218 inches 
(0. 102-0 o2s4) ‘ 
(2. bere. B70) 
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Features 


High Voltage Types (20V Rating) 


Schmitt Trigger Action on Each estas With No Extoma! 
Components 


HysteresIs Voltage Typically: 0.9V at VDD = 5V and 
2.3V at VDD = 10V 


Noise Immunity Greater than 50% 

No Limit on Input Rise and Fall Times 
Standardized, Symmetrical Output Characteristics 
1 00% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range, 100nA at 18V and +25°C 


5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


Wave and Pulse Shapers 

High Noise Environment Systems 
Monostable Multivibrators 
Astabie Muitivibrators 

NAND Logic 


Description 


CD4093BMS consists of four Schmitt trigger circuits. Each 
circuit functions as a two input NAND gate with Schmitt trig- 
ger action on both inputs. The gate switches at different 
points for positive and negative going signals. The difference 
between the positive voltage (VP) and the negative voltage 
(VN) is defined as hysteresis voltage (VH) (see Figure 1). 


The CD4093BMS is supplied in these 14 lead outline pack- 
ages: 


Braze Seal DIP H4H 
Frit Seal DIP H1B 
Ceramic Flatpack H3W 


CD4093BMS 


_ CMOS Quad 2-Input 
NAND Schmitt Triggers 


Pinout 


CD4093BMSMS 
TOP VIEW 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3330 


Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance .......... taAwes Oia Oi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C 20°C/W 

Input Voltage Range, Alllnputs ............. -0.5V to VDD +0.5V Flatpack Package .............06- 70°C/WW 20°C/W 

DC Input Current, Any One Input.......... 00... ccc eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............-. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ......... ccc ec eee e cece cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 

/oaraueren |scr| conomons wore) _[avusnovbe|_rewperaune [ait wal owr 
Supply Current VDD=20V,VIN=VDDorGND | 1 #=x<| +250 | - | 2 | pa | 
ee ee ees 
VOD =18V,VIN=VDDorGND_ | 3] 5G | 2 A 
Input Leakage Current | IIL |VIN=VDDorGND |vDD=20 | 1 #'| 425° ~~ | -100] - | nA | 
i ee oe eee ee 
vop-tev] 3 | 5c + 100 | - | ma | 
Input Leakage Current VIN=VDDorGND- |VDD=20 ee eee ee ee 
it eed [2 | _siaero— - | 1000| na 

woD=1av fo 3} PC - 100 | nA 
OuiputVotage | VOLI5 [VDD=16V,NoLoad —«—+1,2,8 26", +125°O, ooo] - | 50 | mv_ 
[OutputVottage ___| VOH1S [VDD=15V,NoLoad (Notes) | 1,2, [+25°C, +125°0, -65°O| 1495] - | V_ 
VOD = 5V, VOUT = 0.4V a 
VOD = 10V, VOUT = 0.5V a ee ee ee 
Output Current (Sink) | IOL1S_|VOD=15v,vouT=1.5V | tC | ma | 
[OulputCurrent(Source)| IOHSA_|vDD=sv,vouT-46v__| 1 | 2c | - | 053] ma | 
Output Current (Source)} IOHSB_|vDD=5V,vouT=25V_ | tT PC -1.8 | mA 
Qutput Current (Source)| IOH10_|VDD=10v,VouT=9.5v_ ft | geste 1.4 | ma | 
Output Current (Source)} !OH15 |vDD=15V,vouT=135v_ | tT PC 3.5 | ma 
IN Threshold Voltage | VNTH |VDD=10v,ISS=-1ouA [| 1 | +2sc_ «28 | o7 | Vv | 
veTH |VSS=0V,IDD=1A —~+4| 1 | +c | o7 | 28 | v | 

Functional F VOH>|VOL<| Vv 

| — Pm eee 
Meese otge Fare peesseee 2] __} gd bape vere eet 22 ast 
Thresnolg Notage _|_vpisv |VDD=i5V(Note3) | 12,3 +25°C, +125°C, -se°c] 6.8 | 10.8 
sts Bd 
Threshold Voltage 
Negative Trigger = |_VNSV_|VDD=5V(Note2) | 1,23 425°C, +125°C, 55°C] 0.9 | 28 | V_| 
TrresholgNoliage | VNisV_[voD=15V(Note3) 1,3 [26°C +126°C, s5°C] 4.0 | 7.4 [ v_| 
SA lla ci ll al 
Threshold Voltage 

FysteresisVotage Wiehe = SY Woie2]_}_1.2.5 _haro.sse sect 03 | 18 1 VI 
[vitsv_|vpD=15v (Notes) ___—+4| 1.3 _fa25ro, 125°, s5°0| 16 | 50 | V | 
VHEV [VDD = 8V (Note 4) P1,2,3 _[425°0, +125°0, 55°C] 03 | 16 | V_ 


NOTES: 1. All voltages referenced to device GND, 100% testing being im- 4. Input on terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13 
plemented. ' §, For accuracy, voltage is measured differentially to VDD. Limit 
2. Inputs on terminals 1, 5, 8, 12 is 0.050V max. 
3. Input on Terminal 1 . 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


Tan [wax | 
ne ee 
[toi | vier, 60 | | 1a 
es ee 
[wo | wiasro, aso | 


Propagation Delay | TPHL |VDD=5V, VIN = VDD or GND 
| TPLH : 7 

Transition Time - |) TTHL | VDD =5V, VIN = VDD or GND 
| TTLH So 


NOTES: 
1. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 
| 2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES |TEMPERATURE| MIN | 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 


VDD = 10V, VIN = VDD or GND 
+125°C 


alltel tells el <<2l EPP P PE 


UNITS 


VDD = 15V, VIN = VDD or GND 55°C, 425°C | - | 

Output Voltage — VDD = 5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load +25°C, +125°C, 
: -55°C 

Output Voltage VDD = 5V, No Load +25°C, +125°C, 
| 55°C 

ae VDD = 10V, No Load Gaal 


-55°C 


+25°C, +125°C, 


Output Current (Sink) = 0. 
Output Current (Source) VDD = 5V, VOUT = 4.6V 


VOL 
VOL 
VOH 
VOH 


+125°C 


-55°C 


Output Current (Source) VDD = 5V, VOUT = 2.5V a 
+125°C 
BCC 


Output Current (Source) VDD = 10V, VOUT = 9.5V 
Output Current (Source) VDD =15V, VOUT = 13.5V 
Propagation Delay TPHL |VDD=10V 

= _TPLH [Vpp = 15v _ | 


Transition Time TTHL |VDD=10V° 
TILH [yop = 15V 


E 
PEE 


180 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE UNITS 
Positive Trigger VP10V | VDD =10V 1,2,4 +25°C, +125°C, 
Threshold Voltage -55°C 
VP10V {VDD = 10V 1,2, 5 +25°C, +125°C, 
| -55°C 
VP15V |VDD = 15V +25°C, +125°C, 
-55°C 
425°C, +125°C, 
-55°C 
VN10V |} VDD =10V 132; +25°C, +125°C, 
-55°C 
VN15V_ {VDD = 15V 1,2,5 +25°C, +125°C, 
-55°C 
VH1i0V {VDD =10V 1,2,4 +25°C, +125°C, 
-55°C 
VH10V | VDD =10V 1,2,5 +25°C, +125°C, 
-55°C 
VH15V | VDD =15V +25°C, +125°C, 
-55°C 
Input Capacitance 


NOTES: : . 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


. Input on terminals 1, 5, 8, 12 
. Input on terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13 


Negative Trigger 
Threshold Voltage 


ad toe 
a Rel Tal 
pak de 
ink Le 
Hysteresis Voltage 
heat hat Be 
tell Heed Bal 
ce a 


as 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


, | : — F LIMITS | 
PARAMETER SYMBOL CONDITIONS | NOTES | TEMPERATURE 


Supply Current | IDD [VDD =20V, VIN = VDD or GND 
N Threshold Voltage | VNTH |VDD=10V,ISS=-10uA | 0.2 | 
+ 


| MIN | 
iia 
| 28 | 
Delta : 
| 02 | 28 | 
—_ 


P Threshold Voltage VSS = OV, IDD = 10pA 
1 


P Threshold Voltage AVTP {VSS =OV,IDD = 10pA 
Delta 
Functional F VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < V 
| | VDD = 3V, VIN = VDD or GND cleat dace ae 
TPHL |VDD=5V 1,2,3,4 +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[——Parameven | svwsoc_[ _eLTaumr __ 
Supp Gurent-wsi1 [10> |eoaa——S—~id 


TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READANDRECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, OH5A 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 
Interim Test 2 (Post Burn-In) 100% 5004 IDD, IOL5, IOHSA 


PDA (Not OR A 
PDA (Noto 1) [00% 5000 | ——~«aT,O,Detas dT CSCS 


Group B 


Subgroup B-6 | Samposoos | ZO TS CC*” 
Group D Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 JEST | READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
ry es A BZ 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION yop evi-0sv | sokHz | _25KHz 
Static Burn-in 1 3, 4, 10, 11. 14 
Note 1 


TABLE 7. TOTAL DOSE IRRADIATION 


Static Burn-In2 7 1, 2, 5, 6, 8, 

Note 1 9, 12-14 

Dynamic Burn- 7 14 , 3, 4, 10, 11 4,2, 5,6, 
In Note 1 8,9, 12, 13 
1, 2, 5, 6, 8, 

9, 12-14 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Logic Diagram 


VDD 


1 (5, 8, 12) O— BS - SS | 
D—c O——O 3 (4,10, 11 
eee ts) >_> (4, 40,11) 
* All inputs protected by CMOS protection network yr 7 


1 OF 4 SCHMITT TRIGGERS 
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VDD 
Vi 
vss 
VDD 
vo 


VSS 


(a) DEFINITION OF VP, VN, VH 


OUTPUT 
CHARACTERISTIC 
LLLLLLLA AMMA MMA AA hhh 


LOGIC “1” 
OUTPUT 
REGION 


VOH 


LOGIC “o” 
OUTPUT 
REGION 


LLL MLM MA hhh hhhhhhhhded 


wee ccenccasccccesccecoucasccooesses 


CD4093BMS 


VDD 
vo VH = VP -VN 
7 vl mia 
vi 
VN sVP 
(b) TRANSFER CHARACTERISTIC (©) TEST SETUP 


OF 1 OF 4 GATES 


FIGURE 1. HYSTERESIS DEFINITION, CHARACTERISTIC, AND TEST SETUP 


INPUT 
CHARACTERISTIC 


VDD 
LOGIC “1” VOH VDD 
INPUT VOL 
af YP oe pS 
wece de coveceesece VN eecrcecscecoces 
LOGIC “o” DRIVER LOAD 
INPUT 
REGION 
vss 


FIGURE 2. INPUT AND OUTPUT CHARACTERISTICS 


Typical Performance Curves 


OUTPUT VOLTAGE (VO) (V) 


125 15.0 
INPUT VOLTAGE (VI) (V) __ INPUT VOLTAGE (V1) (V) 


© 
© 
fe) 
~ 


INPUTS 
“== TOVDD 


DRAIN CURRENT (1D) (mA) 
OUTPUT VOLTAGE (VO) (V) 


_ FIGURE 3. TYPICAL CURRENT AND VOLTAGE TRANSFER FIGURE 4. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 


CHARACTERISTICS 


TICS AS A FUNCTION OF TEMPERATURE © 
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Typical Performance Curves (Continued) 


AMBIENT TEMPERATURE (T,) = +25°C Ed 


30Fr 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
wd 
(=) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 5. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) m 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 7. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


_ AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50pF | 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


SUPPLY VOLTAGE (VDD) 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME vs. SUPPLY 
VOLTAGE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


TRANSITION TIME (tTHL, tTLH) (ns) 
g 


AMBIENT TEMPERATURE (Tq) = 425°C _ 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (v) 
-15 -10 $ 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 


" QUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


__ FIGURE 8. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


‘CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 10. TYPICAL TRANSITION TIME vs. LOAD 
CAPACITANCE 
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Typical Performance Curves (Continued) 


INPUT ON TERMINALS 1, 5, 8, 12 OR 2, 6, 9, 13; 
OTHER INPUTS TIED TO VDD 


o 5 10 15 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 11. TYPICAL TRIGGER THRESHOLD VOLTAGE vs. 


VDD 
40° 

6 AMBIENT TEMPERATURE (Ta) = +25°C 

4 
__ _2}+ SUPPLY VOLTAGE (VDD) = 15V, CL = 50pF Tf 
= 104 Fs 
= 8 
=" 6 
Q 4 
ee 
a 10% 
ef 
a 
on 2 
wo 102 
ao 
a 4 
= 2 
© 10, 

6 

4 

2 

40° 


AMBIENT TEMPERATURE (Ta) = +25°C 


x 100) (%) 


VH 
vbD 


HYSTERESIS ( 


SUPPLY VOLTAGE (VDD) (V) 
FIGURE 12. TYPICAL PERCENT HYSTERESIS vs. SUPPLY 


VOLTAGE 
104 
6 
4 
> 2 | 
3 103 - SUPPLY VOLTAGE (VDD) = 15V, 2 
G  &— FREQUENCY (f)=100 | 
a 4 
=z 2 S 
re) y 
es Fr 
a 6§ ; 4 
f° ra 
4 
=z 3 | 
a. 1 z 5 aE Oe Pa Sree 
6 SV, 1kKHz = AMBIENT TEMPERATURE (Ta) = +25°C 
2 
107 


1071 10 
FREQUENCY (f) (kHz) RISE AND FALL TIME (tR, tF) (ns) 
FIGURE 13. TYPICAL POWER DISSIPATION vs. FREQUENCY . FIGURE 14. TYPICAL POWER DISSIPATION vs. RISE AND 
CHARACTERISTICS: FALL TIMES 
Applications 
VpDp TO CONTROL 
SIGNAL OR 
TO CONTROL 4/3 CD4007A >| iM 
SIGNAL OR vob VDD 
VDD 
vss 1/44 CD4093BMS vss 
1 5 VDD a 
2 BS: ; a ae . tM= RC Xn |—YO2 
VSS ~ VDD-VP 
1/4 CD4093BMS 50kQ<R<1MQ 
100pF sC < 1pF 
-FREQUENCY RANGE OF WAVE SHAPE FOR THE RANGE OF RANDC 
IS FROM DC TO 1MHz GIVEN Sus <tM<1s 


FIGURE 15. WAVE SHAPER 


FIGURE 16. MONOSTABLE MULTIVIBRATOR | 
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Applications (Continued) 


TO CONTROL 
SIGNAL OR 
VOD. 

14C 


D4093BMS 


CD4093BMS 


aerosol) (039 


' 50kNs RS 1MQ 
. 100pF s Cs 1pF 


FOR THE RANGE OF RAND C 
GIVEN 2ys <tA < 0.48 


‘FIGURE 17. ASTABLE MULTIVIBRATOR | 


| Chip Dimensions and Pad Layout 


Oo 


Paneer eal 10 
(0.102-0. 


ata 


71-79 
(1.803— 2.007) 


254) 


| 


Dimension in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
"Grid graduations are in mils (10° inch). 


_ METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane | 
BOND PADS: 0.004 inches X 0.004 inches MIN 
‘DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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grarns j§CD4094BMS 


CMOS 8-Stage Shift-and-Store 


December 1992 Bus Register 


Features Pinout 

e High Voltage Type (20V Rating) CD4094BMS 

¢ 3-State Parallel Outputs for Connection to Common TOP VIEW 
Bus 


Separate Serial Outputs Synchronous to Both Positive 
and Negative Clock Edges for Cascading 


¢ Medium Speed Operation - 5MHz at 10V (typ) 
e Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 
- 2Vat VDD =10V 

+ 2.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 


‘B’ Serles CMOS Devices” Functional Diagram 
Applications SERIAL 
e Serial-to-Parallel Data Conversion nae 
¢ Remote Control Holding Register 9 as 5 
¢ Dual-Rank Shift, Hold, and Bus Applications REGISTER ° 
Description _ | | | 
CD4094BMS is a 8stage serial shift register having a storage STROBE 1 8-BIT 


latch associated with each stage for strobing data from the serial STORAGE 


input to parallel buffered 3-state outputs. The parallel outputs 
may be connected directly to common bus lines. Data is shifted 
on positive clock transitions. The data in each shift register stage 
is transferred to the storage register when the STROBE input is 
high. Data in the storage register appears at the outputs when- 
ever the OUTPUT-ENABLE signal is high. 


REGISTER 
OUTPUTS 

Two serial outputs are available for cascading a number of | | 
CD4094BMS devices. Data is available at the QS serial output 
terminal on positive clock edges to allow for high-speed opera- PARALLEL OUTPUTS Q1 - Q8 
tion in cascaded systems in which the clock rise time is fast. The , 
same serial information, available at the Q’S terminal on the next (TERMINALS 4, 5, 6, 7, 14, 13, 12, 11, RESPECTIVELY) 
negative clock edge, provides a means for cascading 
CD4094BMS devices when the clock rise time is slow. 


The CD4094BMS is supplied in these 16 lead outline packages: 


OUTPUT 
ENABLE 15 


VDD = 16 
vSs=8 


Braze Seal DIP H4X — 
Frit Seal DIP _ HIF 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 31 94 
Copyright © Harris Corporation 1992 7-1083 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) | 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input...............cc eee ee ees +10mA 
Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H | 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) .............005: +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum ae 
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Reliability Information 


Thermal Resistance .............6.. in Oi 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ............e06- 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C ee 
For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ....... 0. cece cece eee e enone +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


VIL 


Input Voltage High V 
(Note 2) 


IH 
VIL [VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


_ | GROUPA | 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


VDD = 20V, VIN = VDD or GND 


VOD =18V,VIN=VDDorGND {| 3 | 55ST 10 | A 
Input Leakage Current IL |VIN=VDDorGND |vpbD=20 | 1 #2-| +25 | -100 | - | na | 
elie coor ee ee ee 
voo-tv[ 3 | 6% | 10] - | m1 
vop=20 | tT 85°C 100 | 
ad WOR: ee saen cate ee wee 6 
vop=18v} 3] 100 | nA 
| VOLIS |VDD=15V,NoLoad | 1,2,3 | 425°C, +125°C, 55°C] =| 50_| mv _| 
TVvOHIs |VDD=15V, NoLoad (Noted) | 1,2, _|+25%, +126°0, ecto] 1498[_- | v_ 
| tors |vpp=sv,vouT=o4v tt Ter sa || ma 
VDD = 10V, VOUT = 0.5V_ es ee ee ee 
| 10L15_|VOD=15V,vouT=1.5V | | src ts | | ma 
Tonsa [voD=sv, vour=4ev_——+4| 1 ~~‘ vast «dC ~*dt se | ma 
| IOHSB |VDD=5V,VOUT=2.5V | tT PC 8 | mA 
| IOH10 |VDD=10V,vOUT=9.5V_ | tT PC 4 | om | 
| IOH1S [VDD=15V,VOUT=13.5V | tT PC 8S 
TwtH_|vop= tov, ss=1a—*4| 1 —~iSCes—i e | 0r 
VPTH |VSS=0V,IDD=10pA Tt Tt 7 | 28 | 
F —|voD=2av,vIN= voD@rGnD | ___7 | +256 | voH>| vol < 
saad esis 
VOD = 18v, VIN=VDDorGND | ea | a5°o 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Input Voltage High VIH_  |VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 
(Note 2) VOL < 1.5V aig a, 
Tri-State Output 10ZL |VIN=VDDorGND |VDD=20V 
Leakage VOUT = 0V : +125°C 

VDD = 18V 
Tri-State Output VIN=VDDorGND |VDD=20V 
Leakage VOUT = VDD . +125°C 


se ee ee 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


QO 


‘?) 


‘¢) 


+25°C, +125°C, -55° 


PPEBEB tt 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER | SYMBOL SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Clock to Serial Output QS | TPLH1 | (Note 1, 2) 


+125°C, -55°C 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 


ee ee 
Clock to Serial Output TPLH2 | (Note 1, 2) p11 +125°C. -55°C 
Q’S i 


Propagation Delay TPHL3 | VDD =5V, VIN = VDD or GND 
Clock to Parallel Output TPLH3 | (Note 1, 2) 


783 


0 


jee) 


27 
270 


[10,11 | 125°, 55°0_ 
Strobe to Parallel Output | TPLH4 | (Note 1, 2) +125°C, -55°C 
Propagation Delay TPHZ |VDD=5V,VIN=VDDorGND | 9 | 425° | 
eae Enable to Parallel (Note 2, 3) p 10,11 +125°C, -55°C 
| Propagation Delay TPLZ |VDD=5V,VIN=VDDorGND | 9 | 425% | 
ee Enable to Parallel (Note 2, 3) | 10,11 | +125°C, -55°C | 
ree [rth [pei 8 | ae a 
TTLH | (Note 1, 2) 10,11 | +125°C, -55°C 

Frequency (Note 1, 2) +125°C, -55°C_ 

1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 

3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND Lo ae 

VDD = 10V, VIN = VDD or GND ae coe 

| VDD = 15V, VIN = VDD or GND _ ee 

Output Voltage VDD = 5V, No Load Lee ca 
Output Voltage VOL _ | VDD = 10V, No Load +25°C, +125°C, 

} . : F . -55°C 
malt inal 
ae ad 


LOGIC 


-UNITS 
Supply Current 


-55°C, +25°C 
+125°C 


Output Voltage VDD = 5V, No Load 425°C, +125°C, 
* %, a2 -55°C 
VDD = 10V, No Load 


+25°C, +125°C, 
Output Current (Sink) 1OL10 =| VDD = 10V, VOUT = 0.5V 


-55°C 
+125°C 
7-1085 


-55°C 
+125°C 
-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 


Output Current (Source) 


NOTES 


< 
Oo 
O 
on 
< 
< 
O 
Cc 
a 
1 
> 
ror) 
< 


Output Current (Source) 


Output Current (Source) | 


< 
s) 
Oo 
a 
< 
< 
,e) 
Cc 
ar 
I 
nS 
o1 
< 


= 10V, VOUT = 9.5V. 


[ 
es) 
oO 


Output Current (Source) 


Input Voltage Low 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 7 
-55°C 


< 
Ss) 
s) 
1 
S 
< 
< 
fe) 
Ze 
Vv 
<e}] 
< 
< 
Oo 
rT 
A 
< 


VIL = 
Input Voltage High VIH | = 


Propagation Delay TPHL1 = 10V 
TPLH1 


Clock to Serial Output Qs = 15V 
Propagation Delay | TPHL2 | VDD =10V 
Clock to Serial Output Q’s}| TPLH2 = 15V 
Propagation Delay TPHL3 }VDD=10V | 
Clock to Parallel Output TPLH3- VDD = 15V 


Propagation Delay TPHL4 | VDD = 10V 1,2,3 
TPLH4 


Strobe to Parallel Output = 15V 
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TPLZ = 10V 
TPZL Ty 


wh, 
2 
> 
+ 
ie) 
oa 
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+ 
Uv 
aa 
N 


< <|[<] <i[</< 
sisisisis O1oO}] COIOISO 
oOlfo|o]olo o1fo].o;|ol|o 
| 
on wh, 
[o) 
= 4 


Propagation Delay 
Output Enable to Parallel 
Output 


Propagation Delay 
Output Enable to Parallel 
Output 


+ 
U 
N 
zm 


Transition Time - TTLH | VDD=10V 
_TTHL = 15V 
Maximum Clock Input CL MHz 
Frequency 
Minimum Data Setup TS 


Time 


= 10V 

VDD = 15V 

TRCL |VDD=5V. 
TFCL [Vpp = 10V 
VDD = 15V 


Tw [VDD=5V 
VDD = 10V 
VDD = 15V 


Maximum Clock Input 
Rise and Fall Time 


FCL - = 10V 
= 15V 


Minimum Clock Pulse - 
Width | 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE UNITS 


aK 
200 
— 


MIN 

woo=ev CC OL COTCCS 
[input Gapactance | GN [anyimut | 2 «|e 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL=50pF, RL = 1K, Input TR, TF < 20ns. ; 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. ; 


| ns 
| ns 
a 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


Can wax 
[100 _|vOD=20V, viN= VOD or GND) ee ee 
[vase | 20 | 02 
ica all 

me | 0k 


+ 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA ae ae 
P Threshold Voltage AVTP {VSS = OV, IDD = 10pA 25°C 
Delta 
+25°C VOH > | VOL < V 
voD/2 | vOD/2 
TPHL | VDD =5V 425°C 
TPLH 


Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


o 
Oo 
Oo 
a 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sve 
Suppy Gurent-msi2—[ 00 era 
[ouput Curent (Source) | 10H5A [20% x Pre-Test Reading 
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. TABLE 6. APPLICABLE SUBGROUPS 


. MIL-STD-883 
- CONFORMANCE GROUP — . ._ METHOD GROUP A SUBGROUPS 7 READ AND RECORD 


Powe) +d s0onsooe | rb TCS 


Poot) dt —toome soon OOo 
FraTen __———*dCtoom oe fem 
[coups —*dCSarpio sos | na, 7.eae.a.1007 | SSSSOSC~S 


Sample 5005 1, 2,3; 8A, 8B,9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


a es MIL-STD-883 TEST - READ AND RECORD 


CONFORMANCE-GROUPS ' METHOD F PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


y aba & OSCILLATOR | 
FUNCTION VDD 9V + -0.5V 


Static Burn-in 1 4-7,9-14 
(Note 1) . 
Static Burn-In 2 4-7,9-14 
(Note 1) 


Dynamic Burn- 
In (Note 1) 
Irradiation 4-7,9-14 
(Note 2) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
=10V+0.5V oe oh , “a 
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SERIAL 
IN SERIAL 
7 S S OUT 
cL 3 cL 
CL CL 
aes (ear aay 
CLOCK ; a - 
: fest | 
oc. "m ey SERIAL 
‘ rT ; OUT 
—ae | é 
STROBE CL s cult ie > 1 > (3) 
* ’ ¥ n i 
Ta! \ / fen LATCH ad 
6 _—— é 
_! "|b 2 
TR § r ' 
OUTPUT : LATCH 
ENABLE ; i> ; 
Sy PR 
-e-o| 
’ ‘ 
: ‘ 
i WY YU | 
‘ e e / 
| 3-STATE ; 
; XY , : vss 
] 
‘ =e * ALL INPUTS 
; PROTECTED BY 
nos CMOS PROTECTION 
‘ 7 4 , NETWORK 
j voy | v_Vss § | 
(s) (7) 0.443) G2) 1) 
Q2  Q3 Q4 Q5 Q6 Q7 as 


FIGURE 1. LOGIC DIAGRAM 


© 
© 
fe) 
— 


TRUTH TABLE 


PARALLEL OUTPUTS SERIAL OUTPUTS 


A = Level Change ‘Logic 1 = High 


X = Don’t Care Logic 0 = Low 
NC = No Change 
OC = Open Circuit 


* At the positive clock edge information in the 7th shift register stage is transferred to the 8th register stage 
and the QS output 
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Typical Performance Characteristics 


¢ é 
S so g 
es - 
@ 
a? oe 
B a 3 
¥ 
B B 
: 15 
— 10 S 
5 
Es 
0 10 5 | 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
TRANSFER CHARACTERISTICS _. CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15-10 § 0, -15 -10 $s 0. 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C <q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
. L 
E 
WwW 
< 
a 
; 
<= 
SG 
< 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT - FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS Z . CHARACTERISTICS 
| 300 a 


_ AMBIENT TEMPERATURE (Ta) = +25°C 
a ae 


250 -_ | —_ 
= SUPPLY VOLTAGE (VDD) = 5V 
= ——_ 


nD 
S 


8 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
g w 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 60 80 100 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. CLOCK-TO-SERIAL OUTPUT QS PROPAGATION FIGURE 7. CLOCK-TO-SERIAL OUTPUT Q’S PROPAGATION 
DELAY vs CL DELAY vs CL 


7-1090 


CD4094BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C | = 


600 


AMBIENT TEMPERATURE (Ta) = +25°C 
SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
4 
Oo 

PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
CA) 
S 


0 20 40 60 80 °& 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. CLOCK-TO-PARALLEL OUTPUT PROPAGATION FIGURE 9. STROBE-TO-PARALLEL OUTPUT PROPAGATION 
DELAY vs CL DELAY vs CL 


AMBIENT TEMPERATURE (Ta) = +25°C | 
SUPPLY VOLTAGE (VDD) =5V mp 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 
a 
°o 


o 
0} 
| 9 Oo 
0 20 40 60 80 100 o 20 40 60 80 100 i 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 10. OUTPUT ENABLE-TO-PARALLEL OUTPUT FIGURE 11. TYPICAL TRANSITION TIME vs LOAD 


EROrecnon DELAY vs CL CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 


ALTERNATING 0 AND 1 PATTERN 
STROBE fee ce Lota 


-_ 
© 
a 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50PF 


POWER DISSIPATION /PACKAGE (PD) (:W) 
° 
> 


MAXIMUM CLOCK FREQUENCY (fCL MAX) (MHz) 


10° 
| | 
al 
10? ae 
mE 
al 
10 
1 10 107 10° 104 ~ 40° 
SUPPLY ——— aes (Vv) INPUT FREQUENCY (fl) (kHz) 


FIGURE 12. TYPICAL MAXIMUM-CLOCK-FREQUENCY vs FIGURE 13. DYNAMIC POWER DISSIPATION vs INPUT CLOCK 
SUPPLY VOLTAGE FREQUENCY 
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' DATAIN 
STROBE 
OUTPUT 


ENABLE 


INTERNAL Q1 
OUTPUT Qi 
INTERNAL Q7_ 


OUTPUT Q7 


SERIAL QS 
OUTPUT 


SERIAL Q’S 
OUTPUT 


DIGITALLY CONTROLLED 


DIGITALLY CONTROLLED | 


EQUIPMENT | DIGITALLY CONTROLLED 
(REQUIRES CONTINUOUS EQUIPMENT _ EQUIPMENT — 
DIGITAL CONTROL) 


a: Pt casosaems- CD4094BMS | CD4094BMS 
a TROBE a STROBE STROBE CLOCK 
CONTROL : 

_ AND | 
SYNC tas 


CIRCUITRY | 


DATA CLOCK | 
—— 


FROM REMOTE . 
CONTROL PANEL 


FIGURE 15. REMOTE CONTROL HOLDING REGISTER 
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Chip Dimensions and Pad Layout 


wv 12 | 


UL Lo 
Mi 


(a 
an 


ve 


a= 


me 


4-10 
z — Toid2-0.254) | 
13.438-2 642 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


LOGIC 
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Features 

e Set-Reset Capability 

¢ High Voltage Types (20V Rating) | 
¢ CD4095BMS Non-Inverting J and K Inputs 


CD4096BMS inverting and Non-Inverting J and KI 
Inputs 


16MHz Toggle Rate (Typ.) at VDD - VSS = 10V_ 

¢ Gated Inputs 

¢ 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full peeee emperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets all requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


e 


Applications 
e Registers 
e Counters 


¢ Control Circuits 


Description 


CD4095BMS and CD4096BMS are J-K Master-Slave Flip- 
Flops featuring separate AND gating of multiple J and K 
inputs. The gated J-K inputs control transfer of information 
into the master section during clocked operation. Information 
on the J-K inputs is transferred to the Q and Q outputs on 
the positive edge of the clock pulse. SET and RESET inputs 
(active high) are provided for asynchronous operation. 


The CD4095BMS and CD4096BMS are supplied in these 14 
lead outline packages: 


Braze Seal DIP H4Q 
Frit Seal DIP H1iA 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 7-1094 


Pinouts 


CD4095BMS 


CD4096BMS 


CMOS Gated J-K 
Master-Slave Flip-Flops 


CD4095BMS 
TOP VIEW 


CD4096BMS 
TOP VIEW 


NC = NO CONNECTION 


Functional Diagrams 


CD4095BMS 


FileNumber 3331 


Specifications CD4095BMS, CD4096BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Bia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°C/W 20°C/W 

DC Input Current, Any One Input. .......... 0.2 cee ee ee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)..... .Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..............+-. +265°C Device Dissipation per Output Transistor ............... 100mW 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ... 0... cece eee cece eee e eee eees +175°C 


PARAMETER 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


VDD = 18V, VIN = VOD or GND 


| 200 
ce ce 
lL |VIN = VDD or GND 1-100 | 


+25°C 
VIN = VDD or GND VDD = 20 
VDD = 18V 


Ed 
+125°C }-1000] - | 
55°C | 100 | 
425°C ae 
+125°C ie | 
55°C | 
VOH15 425°C, +125°C, -55°C} 14.95 
IOL15 |VDD = 15V, VOUT = 1.5V 


+25°C 
Output Current (Source) VDD = 15V, VOUT = 13.5V 


38 
+25°C | = | 0.53 
| 


+25°C VOH> | VOL < 
425°C VDD/2 | VDD/2 
+125°C 
-55°C 
Input Voltage Low” - VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . . 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, 


(Note 2) aa 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. ; is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


SYMBOL 


Input Leakage Current 


100 


nA 
nA 
nA 
Input Leakage Current nA 
nA 
nA 


O 


ue) 


+25°C, +125°C, -55° fea 


Q 


=) 


+25°C, +125°C, -55° 


< 
Oo 
re 
A 

on 
< 


Q) 


+25°C, +125°C, -55° 


< 
‘e) 
= 
A 

ou 
< 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
7 os GROUP A 

PARAMETER | SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND ) 9 | 425c [= | 500 | ons | 
Clock to Output TPLH1 10,41 | 125°C, -55°C 
Propagation Delay TPHL2 | VDD =S5V, VIN = VDD or GND 
Set or Reset to Output TPLH2 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 

| TTLH | 

Maximum Clock Input FCL |VDD =5V, VIN= VDD or GND 
Frequency 


NOTES: : 
1. VDD = 5V, CL = 50pF, RL = 200K | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


425°C 
+125°C, -55°C. 


ae 
| = | 900 | ns 
ce ee 
ee 
eae ee 
ee ee 
peso |= | Me 


+125°C, -55°C 
+25°C 
+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS TEMPERATURE 
VDD = 5V, VIN = VDD or GND -55°C, +25°C 
oe +125°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 


VOL {VDD = 5V, No Load +25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
. -55°C 


VDD = 5V, VOUT = 0.4V +125°C 
-55°C 


LIMITS 


SYMBOL UNITS 


Output Voltage 


Output Voltage VOL VDD = 10V, NoLoad . 


Output Voltage VOH |VDD=5V, No Load 
Output Voltage VOH_ | VDD = 10V, No Load 


Output Current (Sink) — fOL5 


3)/3 
>| > 


Output Current (Sink) IOL10 =| VDD = 10V, VOUT = 0.5V +125°C 
-55°C 
+125°C 
-55°C 

—— +125°C 
-55°C 
+125°C 
-55°C — 


>| > 


> 


Output Current (Sink) lOL15 | VDD =.15V, VOUT = 1.5V 


3 


Output Current (Source) 


3 


elt r rl el sBER RRB 


_lOH5A_ [VDD = 5V, VOUT = 4.6V 


3 
> 


Output Current (Source) VDD = 5V, VOUT = 2.5V 


3 
> 


IOH5B. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 


Output Current (Source) loa VDD = 10V, VOUT = 9.5V 
Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 


VDD = 10V, VOH > 9V, VOL < 1V 


VIH_ | VDD = 10V, VOH > 9V, VOL < 1V 
Propagation Delay TPHL |VDD=10V 

Propagation Delay TPHL |VDD=10V 

Transition Time TTHL |VDD=10V 
FCL |vpD=10v 

Frequency VDD = 15V 


Minimum Set or Reset TW VDD = 5V 
VDD = 10V 
VDD = 15V 


Pulse Width 
VDD = 5V 


VDD = 10V 
VDD = 15V 
VDD =.5V 


LIMITS 


alelelalalala| «| <[3 [2/3 /3]§ 


NOTES TEMPERATURE 
+125°C 
-55°C 
+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, +7 


UNITS 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


=) 
3S 
S 
--~ 
< 
o 
-—- 
je) 
a 
© 
= 
° 
= 
s 
- 


afl alae aya 
Q 


MHz 


Minimum Data Setup 
Time 


Minimum Clock Pulse 


| fa 

l2|<l<T<l<]< 
2/S/|S/|S|Ss|s 
<|/ololol clo 
3 

gi 
= < 

N 


poe =10V +25°C 
= 15V +25°C 
Maximum Clock Input TRCL = +25°C 
Rise or Fall Time TFCL - 10V 425°C 
= 15V +25°C 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via‘design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. - | 


_ 3. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| SYMBOL -. ° CONDITIONS NOTES TEMPERATURE 


+25°C 


N Threshold Voltage AVTN. | VDD = 10V, ISS = -10pA 
Delta 


‘P Threshold Voltage 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
. 2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sippy curert-wsir [0D (SOA 
+ 20% x Pre-Test Reading 
+ 20% x Pre-Test Reading ~ 


TABLE 6. APPLICABLE SUBGROUPS 


7 | | MIL-STD-883 er 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS - READANDRECORD ~~ 


Initial Test (Pre Burn-in) | 0% 5004 IDD, IOL5, IOH5A 
Interim Test 1 (Post Burn-in) 0% 5004 IDD, IOLS, IOH5A | 


Final Test : 100% 5004 2, 3, 8A, 8B, 10, 11 i . 


10 
10 
0 | - 
0 
: pensine : 
0 ’ » WU, 


Interim Test 3 (Post Burn-in) | 100% 5004 IDD, IOL5, IOH5A 3 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


7-1098 


Specifications CD4095BMS, CD4096BMS 
| TABLE 7. TOTAL DOSE IRRADIATION 
pa 

CONFORMANCE GROUPS METHOD POST-IRRAD PRE-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION 9V +-0.5V 


CD4095BMS 


Static Burn-in 1 2-5, 7, 9-13 

Note 1 

Static Burn-In 2 1,6,8 7 

Note 1 

Dynamic Burn- 2,7,13 3-5, 9-11, 14 
In Note 1 


Irradiation an 

Note 2 

Static Burn-In 1 1,6,8 2-5, 7, 9-13 
Note 1 


Static Burn-In 2 
Note 1 


Dynamic Burn- 2,5, 7,9, 13 3, 4, 10, 11, 14 
In Note 1 

Irradiation 1,6,8 7 2-5, 9-14 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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CD4095BMS, CD4096BMS | 


Logic Diagram 
set G3)— 
n G@>- 
FOR * 
CD4095BMS  , J2@ 
J3 ., 
FOR s 
CD4096BMS . , ra 
8B 
K1 
FOR * 
CD4095BMS __ , k2 (9) 
J3 @-———. " 
Fi be 
CD4096BMS . , J 
“5B 
. 
RESET (2) 
CL - _‘ TRANSMISSION GATE 1 
7 IN OUT 
cLocK G2 ram . 
INPUT TO OUTPUT IS: 2 


a) A BIDIRECTIONAL LOW : 
IMPEDANCE WHEN CONTROL INPUT 1 
IS “LOW” AND CONTROL INPUT 2 IS “HIGH” 


b) AN OPEN CIRCUIT WHEN CONTROL INPUT 1 
IS “HIGH” AND CONTROL INPUT 2 IS “LOW” 


“ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


FIGURE 1. CD4095BMS AND CD4096BMS LOGIC DIAGRAM 


TRUTH TABLES 


| SYNCHRONOUS OPERATION ASYNCHRONOUS OPERATION 
(S =0, R=0) (J AND K = Don’t Care) 
INPUTS BEFORE POSITIVE OUTPUTS AFTER POSITIVE INPUTS BEFORE POSITIVE OUTPUTS AFTER POSITIVE 
CLOCK TRANSITION CLOCK TRANSITION CLOCK TRANSITION CLOCK TRANSITION 


a 
~NoChange | No Change No Change | NoChange 
0 1 1 
1 0 0 
Toggles Toggles 0 


* For CD4095BMS For CD4096BMS 0=VSS, 1= VDD 
J=J1eJ2¢eJ3 J=J1eJ2eJ3 
K=K1eK2eK3 K=K1 eK2eK3 
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JOR K. 
GATE INPUTS 


Cy De eer 


ona St oe Ol a oe 
OUTPUT 


FIGURE 2. PROPAGATION DELAY, TRANSITION, AND SETUP 
TIME WAVEFORMS 


CLOCK © 


VSS 


CLOCK 
INPUT _ 


state of 1 | 2 [3 14]5[16]7]|]8]0] o {1 


CLOCK 


- QA 


{WL + tWH = roe 


FIGURE 3. CLOCK PULSE RISE AND FALL TIME WAVEFORMS 


CLOCK ¢ 


vss 


LOGIC 


- -PINS2&13RESET& — 
' SET, GO TO VSS ON 
ALLUNITS 


CONAMNhWNH=O0 
~O-0O0-0-0-0 
oo4-400-2=00 
Conu4au44ccc0 
aso OS OOo Oo 


FIGURE 6. SYNCHRONOUS BINARY DIVIDE-BY-TEN COUNTER 
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Typical Performance Characteristics 


_aSper To gy 

3 2 

ee | & TE-TO-SOU 

rT] ec 

fc 25 rr 

a 

& 3 

= ¢ 

S 20 > 

z G 

2 45 = 

S é 

E48 & 

B : 

0 - 10 5. 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 7. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
__=15 -10 5 0, 
AMBIENT TEMPERATURE (Tg) = +25°C q AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 

: : 
« fea 
« ec 
: : 


OUTPUT Hi 


FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 25 50 7 100 0 20 #440 60 80 #100 
LOAD CAPACITANCE (CL) (pF) 7 ~ LOAD CAPACITANCE (CL) (pF) 


FIGURE 11. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 12. TYPICAL TRANSITION TIME vs LOAD 
CAPACITANCE | . CAPACITANCE 
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Typical Performance Characteristics (Continued) 


6 
| AMBIENT TEMPERATURE (Ta) = 425°C. S10 | [AMBIENT TEMPERATURE (Ta) = +25°C 
_ — 2 | MAXIMUM PACKAGE DISSIPATION =200m 
N = -@ 
= O 10°, 
— — 2 
F i 
g & 4044 
Peal z 2 Co Es Sn Oe 
3 re) = ee 
z EF 3 4 Lt ae 
wu a. 10° 2 — = Pe ey ttt Ss tt 
a @ «ft 
[ea Q 22 |__| ca 
x Ww a. a A 
rs) 4¢ VY 
S) 5 2 Ce 
a O 10° bt LOAD CAPACITANCE (CL) = 50pF 
wr. i 8 
: PT TTT un CL=15pF i 
ae a a ! 
246 246 24 246 246 
1 10 102 10° : 


SUPPLY VOLTAGE (VDD) (V) 


FIGURE 13. TYPICAL CLOCK FREQUENCY vs SUPPLY 
VOLTAGE (TOGGLE MODE - SEE FIGURE 4) 


Chip Dimensions and Pad Layouts 


INPUT FREQUENCY (fIN) (kHz): ° 


FIGURE 14. TYPICAL POWER DISSIPATION vs INPUT CLOCK 
FREQUENCY 


74 


o 10 20 o 10 20 30 40 50 60 70 
|| | | 


65— 65 
60 60 
50 — 50 
| 
l 
g0r 40-8 L | 
7-17 ( reer 
30 (1.575 — 1.778) 30— Q : 3) 
5 
20: 20— Oo 
10 1o— 
O— 
os ieee 4-10 on 4-10 
(0.102 — 0.254) 
| (0.102 0.254) "i=79 
(I hes ae (1.803 — 2.007) 
CD4095BHMS CD4096BHMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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SEMICONDUCTOR 


wD CD4098BMS 


CMOS Dual Monostable Multivibrator 


December 1992 


Features 
e High Voltage Type (20V Rating) 
e Retriggerable/Resettable Capability 


‘e Trigger and Reset Weegee Delays Independent of 
RX, CX 


Triggering from PSaaine or Trailing Edge 

¢ Qand Q Buffered Outputs Available 

Separate Resets | 

© Wide Range of Output Pulse Widths 

¢ 100% Tested for Quiescent Current at 20V 

SV, 10V and 15V Parametric Ratings 

e Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/T emperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V_ 

Meets All Requirements of JEDEC Tentative. Standard 


No. 13B, “Standard Specifications for Description of 


‘B’ Series CMOS Devices” 


Applications 


¢ Pulse Delay and Timing 
e Pulse Shaping 


Astable Multivibrator 


Pinout 


CD4098BMS 
TOP VIEW 


TERMINALS 1, 8, 15 ARE ELECTRICALLY 
CONNECTED INTERNALLY 


Description 


CD4098BMS dual monostable multivibrator provides stable 
retriggerable/resettable one shot operation for any fixed volt- 
age timing application. 


An external resistor (RX) and an external. capacitor (CX) 
control the timing for the circuit. Adjustment of RX and CX 
provides a wide range of output pulse widths from the Q and 
Q terminals. The time delay from trigger input to output 
transition (trigger propagation delay) and the time delay from 
reset input to output transition (reset propagation delay) are 
independent of RX and CX. 


Leading edge triggering (+TR) and trailing edge triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR input should be tied to VSS. 
An unused -TR input should be tied to VDD. A RESET (on 
low level) is provided for immediate termination of the output 
pulse or to prevent output pulses when power is turned on. 
An unused RESET input should be tied to VDD. However, if 
an entire section of the CD4098BMS is not used, its RESET 
should be tied to VSS. See Table 9. 


In normal operation the circuit triggers (extends the output 
pulse one period) on the application of each new trigger 
pulse. For operation in the non-retriggerable mode, Q is 
connected to -TR when’ leading edge triggering (+TR) is 
used or Q is connected to +TR when trailing edge triggering 
(-TR) is used. | 


The time period. (T) for this multivibrator can be 
approximated by: TX = /oRXCX for CX 3 0.01pF. Time 
periods as a function of RX for values of CX and VDD are 
given in Figure 8. Values of T vary from unit to unit and as a 
function of voltage; temperature, and RXCX. 


The minimum value of external resistance, RX, is 5kQ. The 
maximum value of external capacitance, CX, is 100pF. 
Figure 9 shows time periods as a function of CX for values of 
RX and VDD. 


The output pulse width has variations of 2.5% typically, over 
the temperature range of -55°C to +125°C for CX = 1000pF 
and RX = 100kQ. 


For power supply variations of +5%, the output pulse width 
has variations of +0.5% typically, for VDD = 10V and 15V 
and +1% typically, for VDD =-5V at CX = 1000pF and 
RX = 5kQ. 


The CD4098BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
its : 7-1104 
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File Number 


-. CD4098BMS 


Functional Diagram 


Cx1 RX1 


VDD = 16 CX2 
vss =8 


LOGIC 


7-1105 


Specifications CD4098BMS 


Absolute Maximum Ratings Reliability Information a oe oe | 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Bia 0. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............6- 70°C/W 20°C/W 

DC Input Current, Any One Input............. cece cece ewes +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............-. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H aoe | For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) .............%..- #265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | . Junction Temperature ...... cece ccc cece eee ee eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


) GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) UBGROUPS| TEMPERATURE 
7 
7 
8B 


5/5 
” 


LIMITS 
U 


-55°C 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND [VDD=20V 


Input Leakage Current +25°C 


+125°C 


Supply Current VDD=20V,VIN=VDDorGND | 1 | +25°C 
+125°C 


-55°C 


elle 


nA 
nA 
nA 
Input Leakage Current +25°C nA 
+125°C nA 
-55°C 


VIN=VDDorGND- |VDD=20V 
VDD = 18V 


425°C, +125°C, -55°C 


Output Voltage OL15 |VDD = 15V, No Load 


+25°C, +125°C, -55°C 


Output Voltage OH15 {VDD = 15V, No Load (Note 3) 
VDD = 5V, VOUT = 0.4V 


| MAX 

eee 

[200 | 

(a 

HL = 
om 

ea 

| 100 | 

| 1000 | 

| 100 | 

V | 50 | 

V pa 

ca 

(ae 
a 

| -0.53 | 


=) 
N 


= 0. +25°C 

Output Current (Source) +25°C 
18 | 
Output Current (Source) | IOHI0 | +25°C | 1.4 | 
Output Current (Source) | IOHI5 | +25°C | 3.5 | 
VN +25°C 
+25°C 7 | 28 
+25°C VOH> | VOL < 
VDD/2 | VDD/2 


VDD = 20V, VIN = VDD or GND 


+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Functional 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


2) 


425°C, +125°C, -55° 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


+25°C, +125°C, -55° 


2) 


2) 


+25°C, +125°C, -55° 


©) 


S 
-JOutput Current (Source)} 1OHSB ]VDD = 5V, VOUT = 2.5V Eee] 425°C 
VDD=18V,VIN=VDDorGND | 8A | 


|<] =] =] <lt=13]2]2 13] 42 )3) fe fe = 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER | SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 ]VDD=5V,VIN=VDDorGND | 9 | — +25°C 
+TR, -TRt0Q,Q TPLH1 RX = 5K to 10KQ, CX 2 15pF FIO; At | +125°C. -55°C 


Transition Time TTHL1 | VDD = 5V, VIN = VDD or GND +25°C 
' [RX = 5K to 10KQ, CX = 15pF to 


11 125°C, -55°C 
Transition Time TTLH1 | VDD =5V, VIN = VDD or GND a +25°C 
(Note 2) RX = 5K to 10KQ, CX 2 15pF [10,11 | +125°C, -55°C 


 LUMITS 


UNITS 


8 
oi 


270 


270 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current : VDD = 5V, VIN = VDD or GND 


LIMITS 


<Plsleel eller bey << el se PePP PIE 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
—  4125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, | 4.95 
-55°C 
+25°C, +125°C, 
-55°C 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


VDD = 5V, VOUT = 0.4V 

naaanee tical wealaneannclls 

eee viel mae 
ond 


_ 
oO 


= 
io 


Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > SV, VOL < 


1V 


+25°C, +125°C, 
-55°C 


i) 


+ 
at 
nt 
ao 
3 
Q 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 


Propagation Delay TPHL1 |VDD=10V 


CX 2 15pF 


LIMITS 


=] 
m 
i 
U 
: 
=] 
Cc 
P*) 
m 


UNITS 


+25°C, +125°C, +7 
-55°C 


+25°C 
+25°C 


Propagation Delay 
Reset CX 2 15pF 


+25°C 


oe 
TH [voo=v——SC~i Ci YC ss 
_ [worm Sdn | este | id (te |e 
CX = 150F to 10,0000F [Cc To 
Tranaton Tne Tm [vop-ev ‘| _420 | eo | - | 30 | ne 
CX= OOF wO4UF | THE Pyop=soy__——~d(—ia 8 | eee | =i] 
voo=tv Sid [| wesc | - | oo | ve 
Cx=OMnFtoiur | Popeav——SSS—S~dC | eid] 
[woz [eof 80 |e 
OX2 150F woz S—~dC | waste - | 0 | me 
Minimum ResetPuse | TW |voo-ev | 4.2.38 | wc | - | 20 | ne 
Width, CX = 18pF voo-v «dts | wre | - | 0 | me 
= woo=v—SS~*dt—Cns | were} - | 0 | 
Minimum Reset Pulse voosvSS~dSC S| esto | «dC |e 
Wath, CX = 1000pF voo=tov———«d 2s | vate - | oo | ne 
woo=tv———~d Cs | esto | «dts 
MiniramResetPuse | TW [voo=ev__| 4238 | wo | - | so | ms 
Wah.Ox=014uF | vopetov—SS—S—~sC | et PC 
woo-tv———*i| _42as | ware | - | 20 | mm 
PusewiahwathBe | TW |vod-ev___| 1236 | ec | - | wo | % 
tween Circuits in S . 
wasn Create Same voo=1v——+| 4206 | wo | - | | « 
; woo=tvSSC~dC | eet] Cd 
CN [awinpus | 42 | wee | - [7s | oF | 


NOTES: : 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 

. CL = 50pF, RL = 200K, inputs tR, tF < 20ns. 

. RX = 5K to 10MQ. 

.RX=100kQ 

. RX=10kQ: | 


oan a wo 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


: | LIMITS 
PARAMETER _| SYMBOL |. CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS 


Supply Current | IDD | VDD =20V, VIN = VDD or GND i 
N Threshold Voltage NTH | VDD = 10V, ISS =-10pA 


| 28 | 02 

Delta - 
| 02 | 28 

ae ik 


P Threshold Voltage VSS = OV, IDD = 10HA 


eer ae 
Delta 
Functional F +25°C VOH > | VOL < 
Kc) ame Heal Moa 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time +25°C 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supp Curent-wsis [> [roma 


TABLE 6. APPLICABLE SUBGROUPS 


7 MIL-STD-883 . . | ier 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ ANDRECORD _ 


Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOHSA | 
Interim Test 1 (Post Burn-in) | 100% 5004 IDD,1OL5,1OH5A 


PPoawoen +d; toomanos | OOo OCS 
PPoawoen) _———«d;~C tom soo | GDems 
Frater ———~—~*d;~C oom fC eIOOC 
fama __——~*d;~CS ample soos | naa eneaia [SCS 
subgroups | Sampesos | ung SCSCSC~S~*S 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 


CONFORMANCE GROUPS METHOD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 Table 4 ae Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS. 


| | OSCILLATOR 
FUNCTION VDD 9V +-0.5V 
Static Burn-in 1 6, 7, 9, 10 
Note 1 
Static Burn-In2 }- 6, 7,9, 10 2-5, 11-14, 16 
Note 1 _ : 


Dynamic Burn- 6, 7, 9, 10 5,11 
In Note 1 


Irradiation 2,6, 7,9, 10, 14 
Note 2 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
=10V+0.5V 


TABLE 9. FUNCTIONAL TERMINAL CONNECTIONS 
VDD TO | VSS TO INPUT PULSE TO OTHER 
TERM. NO. TERM. NO. TERM. NO. CONNECTIONS 
Leading Edge Trigger/ 
Retriggerable 


Leading Edge Trigger/ 
Non-Retriggerable 

Trailing Edge Trigger/ 
Retriggerable 


Trailing Edge Trigger/ 
Non-Retriggerable 


ss 
NOTES: 


1A retriggerable one-shot multivibrator has an output pulse width which is extended one full time period (TX) after application of the last 
trigger pulse. The minimum time between retriggering edges (or trigger and retrigger edges) is 40% of (TX). 


2. Anon-retriggerable one-shot multivibrator has a time period TX referenced from the application of the first trigger pulse. 


INPUT PULSE TRAIN J LILI LIL 
RETRIGGERABLE MODE = -————t=———> 
PULSE WIDTH (+TR MODE) ™X 


NON-RETRIGGERABLE MODE 7 
PULSE WIDTH (-TR MODE) ™ 


[woes | wowo+ [ won 
es 
ae Ge Baal 
nae ES SES 
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Logic Diagram 


4(1 2) o- 
+TR 


4 (45) 
ae eee \/ 7 
160——vpp_ | 
\V 


NOTE: 


SCHEMATIC SHOWN IS 1/5 OF TOTAL 
PACKAGE. TWO SETS OF TERMINAL 
NUMBERS ARE SHOWN. TERMINALS 
1, 8, AND 15 ARE ELECTRICALLY 
CONNECTED INTERNALLY. 


FIGURE 1. LOGIC DIAGRAM - 


T 


*ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


vss 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (T,) = +25°C 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


SE omnes VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CE AAENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C Ee 


OUTPUT LOW (SINK) CURRENT (1OL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 
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FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TRANSITION TIME vs LOAD CAPACITANCE FOR 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME vs LOAD CA- — 


5kQ-10000kQ AND CX = 15pF-10000pF 


RX = 


PACITANCE, TRIGGER INTO Q OUT (ALL VALUES 


OF CX AND RX). 
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AMBIENT TEMPERATURE (Ta) = +25°C 


VDD = 3V seovece: 
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| 
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ee 
TT 
Ean 
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2468 
10® 


10° 


V, 18V 


= 5V ste 
= 10V, 15 
V, 18V 
2468 2468 
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V, 10V, 15 


VDD = 3V ---- 
8 2468 2468 2 468 


10°. 


i 
e aa: 
ECT SS Ts TSS eT Tz 
CRASSUS TSSCUPE 


SN] 


10? 


_ PULSE WIDTH (PW) (us) 


FIGURE 8. TYPICAL EXTERNAL RESISTANCE vs PULSE 
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PULSE WIDTH (PW) (1s) 
FIGURE 9. TYPICAL EXTERNAL CAPACITANCE vs PULSE 
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Typical Performance Characteristics (Continued) 


I i a 

PTC are omer’ TEE 
= FREQUENCY = 100KHz et 
= RISE TIME (rh FALL (tf) = 20ne | | LAL 
= oman ay.a 
5 LAL AAT | 
-_ He It 
ws Ame ala 
> 3 ced Cafe Bt 
—— ae cae a 
GS ee a 
- Blan 
= 10" —— 
3 6 in a 
2 elaih 
P mae 


2 4 6 8152 2 4 6 8,032 4 6842 46 
EXTERNAL CAPACITANCE (CX) (pF) 
FIGURE 10. TYPICAL MINIMUM RESET PULSE WIDTH vs EXTERNAL CAPACITANCE 


a 
oO 
© 
- 
io] 
a 


[T_T AMBIENT TEMPERATURE (Ta) = 425°C 
4 (-L_UT RX = 5Ka TO 1MQ man 


To calculate average power dissipation(P) 
for less than 100% duty cycle: 


P100 = average power for 100% duty 


cycle: | | 
D - (— P100 where tm = one shot pulse | | | 


aT /width 
tT = trigger pulse period 


e.g. For tm = 600ps, tT = 1000ps. CX = 0.01MF = ee ome 
VDD = 5V am] 


Pi= (=) 10? pW = 600uW (see dotted line on 
1000 graph) 


mh 
o 


AVERAGE POWER - DISSIPATION FOR 100% 
DUTY CYCLE (P100) (uW) 
Yr an wp ao™ » a 


= 
oS 


2 468 2468 2 4 68 2468 2468 
1 10 107 10° 104 105 
ONE-SHOT PULSE WIDTH (tm) (1s) 


FIGURE 11. AVERAGE POWER DISSIPATION vs ONE-SHOT PULSE WIDTH 


Applications 


VDD VDD 


11 10 
12 “MONO 2 


13 


5 MONO 1 ovseut 


3 


M1 RX1 CX1 


INPUT PULSE 2 
| To = BX2.CX2 
T1 T2 2 


OUTPUT PULSE 
CX 2 0.01pF 


‘FIGURE 12. PULSE DELAY 
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Applications (Continued) 


VpD VDD 


SUPPLY 


IDD, TX vs RX 


ne IDD TX 
(AVG.) | (T1+T2) 
10kQ imA 3.8us 5V 
{ { 
0.05mA 0.5s 
2.5mA | 3.2us 10V 
4 { 
0.5mA 0.5s 
ae re 10V 
ee 1imA 0.5s . 


VSS ——~o : ; : 
RESET al na -% NOTES: 
1. All values are typical. 
* TO ENSURE RESTART, APPLY RESET ‘5 > T2 e112 ~ 2, CX range: 0.0001pF to 0.1pF 
(NEGATIVE PULSE) AFTER VDD er a 
SUPPLY VOLTAGE HAS REACHED Oiciewcel aed, Lies . | 


ITSVDDLEVEL ts bey a 


FIGURE 13. ASTABLE MULTIVIBRATOR WITH RESTART AFTER RESET CAPABILITY 


Chip Dimensions and Pad Layout 


tO. 20 200) BO SY Oe Ba 


40 (1.905-2.108) 


Ie te a any alee 
O- 4-10 : 


i 
| | 
(0.10 0.254)94 -102___ 
(2.388-2.591) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: - Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane | 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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cee CD4099BMS 


CMOS 8-Bit Addressable Latch 


December 1992 


Features | Pinout 


¢ High Voltage Type (20V Rating) CD40S9BMS 
TOP VIEW 


° Serial Data Input 

¢ Active Parallel Output 

e Storage Register Capability 
¢ Master Clear 


Can Function as Demultiplexer 

e 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 

e Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD =10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Functional Diagram 


: . WRITE DISABLE Qo 

Applications i. 

¢ Multi-Line Decoders Lo = 
Ao 

¢ A/D Converters : ss ° 

Description: | _ re 

CD4099BMS 8-bit addressable latch is a serial input, parallel “ 

output storage register that can perform a variety of functions. ae 

Data are inputted to a particular bit in the latch when that bit jal a 

is addressed (by means of inputs AO, A1, A2) and when VDD = 16 

WRITE DISABLE is at a low level. When WRITE DISABLE is VSS = 8 


high, data entry is inhibited; however, all 8 outputs can be 
continuously read independent of WRITE DISABLE and 
-address inputs. 


A master RESET input is svallable nih resets all bits toa 
logic “O” level when RESET and WRITE DISABLE are at a 
high level. When RESET is at a high level, and WRITE DIS- 
ABLE is at a low level, the latch acts as a 1 of 8 demulti- 
plexer; the bit that is addressed has an active output which 
follows the data input, while all unaddressed bits are held to 
a logic “O” level. 


The CD4099BMsS is supplied in these 16-lead euiing packages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack §H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3333 
Copyright © Harris Corporation 1992 7-1115 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input. ..............ccc cece eee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............0- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


_ Specifications CD4099BMS 


Reliability Information 
Thermal Resistance ..............6- Gia 6. 


Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ...........+..6- 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C a 
For TA = -55°C to +100°C (Package Type D, F, K) ......500mW. 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 
For TA = Full Package Temperature Range (All Package Types) 
Junction Temperature .... 02. cece cece cee cee ee enes +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current HiL VIN = VDD or GND 


Input Leakage Current 


VNTH_ {VDD = 10V, ISS = -10pA 


PARAMETER SYMBOL CONDITIONS (NOTE 1) 
| _ VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


VIN=VDDorGND [VDD=20 
VDD = 18V 


VOL15 |VDD = 15V, No Load 


= 15V, No Load (Note 3) me 
Ponsa |voo=sv,vouT=-46v | 
utputCurent(Sourca)| 1OHs8 |VDD=sv,VOUT=25V___ 
Pronto |vo= tov, vour=95v_| 
Pionts |vop=tsv,vour=135v | 


a 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VIL VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
VIH VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


GROUP A 


TEMPERATURE 


Cc 
= 
ar | 
2) 


= 


els] tel [|| felelale|- || |=|al le)" 


5% 
+25°C, +125°C, -55°C 


” 
G 
se) 
G) 
J 
Oo 
c 
mo) 
” 

2° 

N 


< 
Sjr}e 
A N 


< 
S 
ns 
< 
S 
Ss 


: 7 


{-f[2 3/2] [312] f<f2] f=) le Bl 


w 
cn 
on 

° 
©) 


425°C, +125°C, -55°C 


©) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


+ 

nm 
% 
.?) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4099BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Data to Output TPLH1 
Write Disable to Output TPLH2 


MIN | 
oe ae aa pins | 
| 10,11 eae pins | 
a ee ps 
P1011 ae pfs 
Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | Fons | 
ie Een ps 
| 10.11 ee ps 
a ae ieee | ns 
1041 | a | ns 


+125°C, -55°C 
Propagation Delay TPHL4 | VDD =5vV, VIN = VDD or GND 
Address to Output TPLH4 +125°C, -55°C 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TTLH | 


NOTES: 


+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER — | SYMBOL TEMPERATURE 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


+125°C 
Output Voltage Fibact VDD = 5V, No Load 


-55°C, +25°C 
+125°C 
-55°C, +25°C 
VOL 
Output Voltage 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
Output Current (Sink) IOLS =| VDD = 5V, VOUT = 0.4V 
Output Current (Sink) _ 1OL10 | VDD = 10V, VOUT = 0.5V 
Output Current (Sink) 1OL15 | VDD = 15V, VOUT = 1.5V 
Output Current (Source) bee. VDD = 5V, VOUT = 4.6V 
Output Current (Source) | VDD = 5V, VOUT = 2.5V 


LIMITS 


NOTES UNITS 


VDD = 10V, No Load 


-55°C 


lel P | el BPP BEE 
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Specifications CD4099BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| ramweren|snmc.| __conomone | wones_|renenane|ane [wn ws 
Output Current (Source) a en | 


TPHL1 | VDD = 10V 
TPLH1 


2 
> 


3 


+125°C 
-55°C 
+25°C, +125°C, 


> 


Input Voltage Low 
Input Voltage High 425°C, +125°C, | +7 


Propagation Delay 
Data to Output 


i MU 
Q QO .@) 


—+25°C 
+25°C 
+25°C 

— +25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 

—-#25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
_. +25°C 

+25°C 
425°C 
+25°C 


TPH 
jeune fo 
et 

15V 


Propagation Delay 
Write Disable to Output 


A] 
hole 


120 


Propagation Delay 
Reset to Output 


Propagation Delay 
Address to Output 


Transition Time 


- 
= 


Minimum Hold time Data. 
to Write Disable 


TL 


MHz 


N 
oa 


MHz 


VDD = 15V 


Minimum Data Setup 
Time Data to Write 
Disable . 


VDD = 10V 
VDD = 15V z 


¥ cm 


om 
~~ 


2,3 


Minimum Pulse Width 
Data 


Minimum Pulse Width 
Address 


VDD = 10V . 
| VDD = 15V 

Minimum Pulse Width TW VDD = 5V 

Reset. 


Input Capacitance © 
NOTES: , 
1. All voltages referenced to device GND. 


_ 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 7 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


“Ni 
oa 


VDD = 10V 


VDD = 15V 


| CIN Any inputs 


NN 
or 
Bo) 
Ti 


TS 
TW 
CIN 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
PARAMETER ~ | SYMBOL NOTES | TEMPERATURE UNITS 


N Threshold Voltage AVTIN {VDD =10V, ISS =-10pA +1: 
Delta . 
Functional F VDD = 18V, VIN = VDD or GND 

VDD = 3V, VIN = VDD or GND 


N Threshold Voltage VNTH [VDD = 10V, ISS =-10HA a ae | 28 | 02 | vi | 
P Threshold Voltage AVTP |VSS=OV,IDD = 10pA V 
Delta 
VOH > | VOL < V 
VDD/2 | VDD/2 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. _ 


2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS 425°C 


SYMBOL 
[Supp Curent-Msr2_ | OD ~«d(EOA Cd 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS | 


MIL-STD-883 
CONFORMANCE GROUP METHOD — GROUP A SUBGROUPS READ AND RECORD 


initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, |OL5, IOHSA 


Poa) «dC soon | Taos 
Poa woot) ———«dt~Ctoomatos | Doms CiSCSC“‘“‘*~*d 
jacupa | Sampiesoos | naa7encaaian | SS—S 


Group D . Sample 5005 1, 2, 3, 8A, 8B, 9 . Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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Specifications. CD4099BMS 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
ave-osv | sokHz | 25kHz 
nie A Te 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


FUNCTION 


Static Burn-In 1 
Note 1 Z 


Static Burn-In 2 
Note1 | 


Dynamic Burn- 
In Note 1 


Logic Diagram 
5* aX) : 
AO — AO Ai = eS: 
D LATCH Be 
: AO WD 
* AO R 
: we) 
Al Al Ra D—ILATCH] 10 
vie OO ” WD 1 a 
Al AO R 
: D) 
A2 A2 A2 D—fuatcH] 1, 
WD 2 | 
A2 AO R 
3* MS _»} LATCH | 12 
DATA -D° | D 3 
> > 2 a tty ul wD 3 o 
| __ AO R 
"==> 
4* A2 oD LATCH] 13 
WRITE DISABLE WD 9 a4 
AUT WD 4 
__ AO R | 
| on i oe a ee 
3 | A2 D LATCH Sas 
RESET R es WD 5 
| Ao R 
_ lerence ee ‘a 
D LATCH 
| ms PA as. 
ADDRESS D LATCH] fo, 
WD 7 
WD R 


DATA 


VSS 


_ *ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK | 


FIGURE 1. LOGIC DIAGRAM OF CD4099BMS AND DETAIL OF 1 OF 8 LATCHES 
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CD4099BMS 


MODE SELECTION 
ADDRESSED - UNADDRESSED 
LATCH LATCH 
Follows Data Holds Previous 
State 


Follows Data Reset to “0” 
(Active High 8-Channel Demultiplexer) 


| 0 Holds Previous State 
| 1 | 1 |[Resetto‘0” ‘| Reset to “0” 


WD = Write Disable R = Reset 


FIGURE 2. DEFINITION OF WRITE DISABLE ON TIME 


AO, Al, A2 


WRITE DISABLE 


DATA 


s 
RESET © —— 
‘w 
| © 


9 
Le) 
Oo 
a 


vob 


FIGURE 4. 1 OF 16 DECODER/DEMULTIPLEXER FIGURE 5. MULTIPLE SELECTION DECODING - 4 x 4 CROSSPOINT SWITCH 
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D AO 
(t1<t2) — ATA 
t1 Qo Q1 
(9) Go) 
START 
CONVERSION LSB 
CD4099BMS 
OUTPUTS 
TO DISPLAY 
MSB 
** HYCOMP HC210SLD-2R 
OR EQUIVALENT 


FIGURE 6. A/D CONVERTER 


Typical Performance Characteristics 
fed a sa 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V ~~ 


z € 

or ee, 

SQ x 8 15, 

Z z 

te 25 te 

[oe [i 

3 . 3 

< sg 

Fa Fd 

= 15 2 

— 10 | : 

5 

Bs 5 

0 10 15 | a. 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) _ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 7. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 8. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS . | CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VBS) (V) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-10 


-15 


AMBIENT TEMPERATURE 


(ww) (HOD INSYYND (ZOUNOS) HDIH .LAdLNO 


25°C 


(Ta) =+ 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


he 


(Ta) = 425°C 


> 
9 
~ 
g 
Ww 
z 
g 
ww 
oO 
5 
1°] 
; 
5 


AMBIENT TEMPERATURE 


FIGURE 10. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


FIGURE 9. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
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ic; 
uJ 
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or 
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(su) (THdl ‘ 


H1d}) SWIL AV150 NOILYDVdOud 
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60 


40 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 12. TYPICAL TRANSITION TIME vs LOAD 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 11. TYPICAL PROPAGATION DELAY TIME (DATA TO Qn) 


CAPACITANCE 


vs LOAD CAPACITANCE 


© 
° 
a 
+ 
a 
ra 
Ee 
Ww 
a 
ro 
< 
« 
Lu 
a. 
= 
uu 
= 
- 
= 
uy 
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nassttt LOAD CAPACITANCE (CL ) = 15pF 


PPLY VOLTAGE (VDD) = 15V 


eo 6&6 %& & o %& 


= ™ re ™ ro rm 


(M1) (dd) S1W5 Yad NOLLVdISSIO Y3MOd 


2468 2 4 68 


2468 2468 2 4 68 


10° 


104 


10° 


10? 


10! 


10° 


ADDRESS CYCLE TIME (ys) 


FIGURE 13. TYPICAL DYNAMIC POWER DISSIPATION vs ADDRESS CYCLE TIME 


77-1123 


CD4099BMS 


Chip Dimensions and Pad Layout 


|,__4=t 


“10 
(0-102-0.254) 


94 - 102 
(2.388- 2.591) : 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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grarris j§§CD4502BMS 


December 1992 | CMOS Strobed Hex Inverter/Buffer 


Features | | Pinout 
e High Voltage Type (20V Rating) | CD4502BMS 
TOP VIEW 


e 2 TTL Load Output Drive Capability 
e 3 State Outputs 


D3 
¢ Common Output Disable Control ~ = 
e Inhibit Control ot [a1 
¢ 100% Tested for Quiescent Current at 20V 3 STATE 
OUTPUT DISABLE 
e 5V, 10V and 15V Parametric Ratings a1 [5 
¢ Maximum Input Current of 1A at 18V Over Full Pack- D2 [6] 
age Temperature Range; 100nA at 18V and +25°C a2 
¢ Noise Margin (Over Full Package/Temperature Range) vss | 8 | 
- 1Vat VDD =5V 
- 2Vat VDD=10V 
- 2.5V at VDD = 15V . 
e Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” : ; 
Functional Diagram 
Applications 
e 3 State Hex Inverter for Interfacing ICs with Data 3 STATE | 
Buses OUTPUT DISABLE _,' 6) 
o 
* COS/MOS to TTL Hex Buffer | oe D+ > a1 re} 
Description — 7 ~ [550 ; — a2 
CD4502BMS consists of six inverter/buffers with 3 state [se as 
outputs. A logic “1” on the OUTPUT DISABLE input D3 — 
produces a high impedance state in all six outputs. This E Cc 
feature permits common busing of the outputs, thus D4 =e. a4 
simplifying system design. A Logic “1” on the INHIBIT input give 
switches all six outputs to logic “0” if the OUTPUT DISABLE ps 13] ) > Q5 
input is a logic “0”. This device is capable of driving two eae 
standard TTL loads, which is equivalent to six times the : D; ac 
JEDEC “B” series IOL standard. dé | ite | 
The CD4502BMS is supplied in these 16-lead outline packages: ae 
Braze Seal DIP H4T VSS = 8 
Frit Seal DIP HIF 
Ceramic Flatpack H6W 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. FileNumber 3334 


Copyright © Harris Corporation 1992 7-1125 


Specifications CD4502BMS 


Absolute Maximum Ratings _—y Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Bia 6. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C. 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............5- 70°C/W 20°C/W 

DC Input Current, Any One Input.............. 0. cc eee cece +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............6. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for _—- For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature 2.0.0... ccc cece eee ee nees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS] TEMPERATURE 
Supply Current | oe VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


HL VIN=VDDorGND- |VDD=20 1 
= 18V 
VIN=VDDorGND- |VDD=20 
. = 18V 


Output Voltage VOL15 [VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 


Input Leakage Current 


< 
Oo 
Oo 
ed 
© 


Input Leakage Current 


< 
Oo 
oO 
_ 
fee) 


1OL10 

IHGA 

QutputCurrent (Source)| IOHSB VDD =5V,VOUT=2.5V 

VNTH [VDD = 10V, ISS = -10A 

PP Threshold Voltage | _VPTH 

Functional 
| 


Input Voltage Low VIL5 {VDD =5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage High ~ VIH5 [VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL15 [VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 

Input Voltage High VIH15 }VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


© 
@ 


+25°C, +125°C, -55°C ie 
425°C, +125°C, -55°C 
+25°C, +125°C, -55°C a 
+25°C, +125°C, -55° ae) 
Tri-State Output lOZL |VIN=VDDorGND |VDD=20V | 25°C 0.4 
Leakage VOUT = OV +125°C | 12 | 

VDD = 18V | BPC 04 | 


Tri-State Output 
Leakage 


VIN = VDD or GND 
VOUT = VDD 


< 
wo) 
Oo 
ul 

De) 
o 
< 


2) 


+125°C 


PEEL <t<]HBBPPPPPEPEEEEER SS 


—_ 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a 

SYMBOL SUBGROUPS 

Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | — +25°C 

Data or Inhibit to Output (Note 1, 2) +125°C, -55°C 
eae 


LIMITS 


PARAMETER TEMPERATURE UNITS 


270 


N 
N 
So 


+25°C 
+125°C, -55°C 
+25°C. 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


+125°C, -55°C 
Propagation Delay TPLH2 | VDD =5V, VIN = VDD or GND 
Inhibit to Output (Note 1, 2) 


Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND +25°C 
Inhibit to Output (Note 1, 2) 

Propagation Delay TPHZ {VDD =5V, VIN = VDD or GND 

Disable to Output (Note 2,-3) . 


Propagation Delay TPZH {VDD =5V, VIN = VDD or GND 

Disable to Output (Note 2, 3) 10,11 
Propagation Delay TPLZ |VDD=5V,VIN=VDDorGND | 9 | 
Disable to Output (Note 2, 3) 10,11 


297 
Propagation Delay TPZL |VDD=5V,VIN=VDDorGND | - 9 | 
Disable to Output (Note 2, 3) 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
ae 1011 
Transition Time TTLH | VDD =5V, VIN = VDD or GND 
(Note 1, 2) 10.11 


- 1. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. VDD = 5V, CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


PARAMETER 


Supply Current 


270 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Z VDD = 5V, VIN = VDD or GND 
Re VDD = 5V, No Load 425°C, +125°C, 


VDD = 10V, VIN = VDD or GND a heros 
VDD = 15V, VIN = VDD or GND -55°C, +25°C re 
VOL = 5V, 
| -55°C 
VDD = 10V, No Load a 425°C, +125°C, rae 


Output Voltage 


Output Voltage 
Output Voltage - 


-55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER | SYMBOL 
Output Voltage ee = 10V, No Load 
+125°C 


Output Current (Sink) 1OL5 = 5V, = 
shall Toned sain i 
Output Current (Sink) 1OL10 {| VDD = 10V, VOUT = 0.5V 1,2,4 +125°C 
Output Current (Sink) IOL15 |VDD=15V, VOUT = 1.5V 1,2,4 +125°C 
lac te 
Output Current (Source) eel = +125°C 


-55°C 
Output Current (Source) 


LIMITS — 


—_ 
NO 
So 


‘NOTES =| TEMPERATURE 
1,2 +25°C, +125°C, 


UNITS 


< <| < 
s) o| oO 
s) o| oOo 
oi on 
< < 
< < 
O O 
on c 
4 4 
1 { 
> o 
o>) . 
< of ag 


14 


bh 


: +125°C 
-55°C 
+125°C 
-55°C 

. +125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, +7 
-55°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
_ +25°C 
+25°C 


H 
IL 
lIH_. 
Propagation Delay LZ |VDD=10V 
Disable to Output 
or VDD = 15V 425°C 
Propagation Delay TPZL |VDD=10V | 1,2,4 +25°C 
Disable to Output oo pre 
VDD = 15V | 425°C 
"| Transition Time TTHL |VDD=10V . 41,2,3 +25°C 
| VDD =15V 1,2,3 425°C 
Transition Time | TTLH |VDD=10V 
VDD = 15V 


A 


3 


|=] =] =] =] =] =| =|=/=]=| =] =] =] *|=|={=|"|@| <|_<|2{2{2{2{2{2/2/2|2|3)/3)3)3/3] <i 


3 
> 


< 
2] 
Oo 
o | 
< 
< 
eo) 
Cc 
4 
! 
~ 
oO 
< 


Output Current (Source) cual VDD =15V, VOUT = 13.5V 


Input Voltage Low - VDD = 10V, VOH > 9V, — 


S SASRBUBR SAI 
Q 


VOL < 1V 


A} 
mo] > 


Propagation Delay TPHL1 {VDD =10V 


D a 
ata to Output = 15V 


Input Voltage High VDD = 10V, VOH > 9V, . 
VOL < 1V 


180 
130 


Propagation Delay TPLH1 | VDD =10V 
Data to Output ~ 15V 


< 
S 
0 
x 
Oo 


Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 
Propagation Delay TPHL2 | VDD = 10V 
_ | Inhibit to Output = 15V 


Propagation Delay | TPLH2 | VDD = 10V 
Inhibit to Output 
i cea VDD = 15V 


<i< < 
O;9 s) 
O;O Oo 


Propagation Delay TPHZ = 10V 
Disable to Output = 15V 


< 
Oo 
Oo 


100 


Propagation Delay TPZH = 10V 
Disable to Output ~ 15V 


fe) 
V 
V 

TP 


_ 
—_ 
So 


Oo oO 
O Oo 


110 


+25°C 
+25°C 


Oo 
Oo 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


nou capectrco | On [avons —~ifne eee | «8 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. - 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL= 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE] MIN | MAX | UNITS 


Delta 


1, 


P Threshold Voltage AVTP |VSS=O0V,IDD = 10pA 4 +25°C 1 
Delta 
Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time | TPHL | VDD =5V 1,2, 3,4 [a 
TPLH | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-wSM1 | 0D —~«ieomA CS 
IOLS | + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 . 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[roaiwows) +4 tau soo | Sabon id 
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TABLE 6. APPLICABLESUBGROUPS ts 


Se eee MIL-STD-883 | i 7 _ 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS 3 READ AND RECORD 
fFinalTest-——SC*dS~C=«tO0 S004 2,9, 8A, 8B, 10,11 Cee ae 


Goud —————*Sapo 8008 "2,8, 8A, 68,9 Subgroups 1,28 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


| poner TEST | READANDRECORD — 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD | PRE-IRRAD POST-IRRAD 
Groupe Subgou2 | sos —*4p 0 | Taos | 49 | Tabi 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS . 


| OSCILLATOR 
FUNCTION OV+-0.5V |  SOkHz =| 25kHz 

Static Burn-In1 | 2,5, 7,9, 11, 14 | 1,3, 4,6, 8, 10, 12, 

Note 1 ~ 43,15 

Static Burn-In2 | 2, 5, 7, 9, 11, 14 1, 3, 4, 6, 10, 12, 

Note 1 13,15,16 — 

Dynamic Burn- 2,5, 7,9, 11, 14 
In Note 1 

Irradiation 2,5, 7,9, 11, 14 1,3, 4, 6, 10, 12, 

Note 2 ; 13, 15, 16 


NOTES: : | ; 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagram 
BBWBWSFTBWSTSBTSSVSSV(S VPVSVSWSWSWTSBSSVVWVSESVsVvsas Ni 
vo TRUTH TABLE 
DI e ‘ N : 
DISABLE 
a 
— oe oe 
DISABLE N 
= oS om mer 
. A 
Scns a, a 
*BBSBeVeesseesgGeaegageaeguegessveaoae a 
- TOSOTHER > VDD 
___ INVERTER/BUFFERS Logic 0 = Low 
| | Logic i=High 
* ALL INPUTS ARE PROTECTED : 
BY CMOS PROTECTION Z = High Impedance 
ee . X = Don’t Care 
Vss 7 | | 


FIGURE 1. LOGIC DIAGRAM OF 1 OF 6 IDENTICAL INVERTER/BUFFERS 
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Typical Performance Characteristics 


5 —=—_ 
: 
ac 

jos fo ag 
< 

cd 3 
é g 
=) =) 
= 

Oo 

2 e 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 6V 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


o 
Oo 
O 
a 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 
= 10° , San S50 Seen ESS es een eeey ay 7 seaee nes 
~ SUPPLY VOLTAGE (VDD) = 15V + 
og aepnoumar apo) rd 
© 2 Mle Wl tit 
S E104 = SIA Tt te 
5 5 eft NTA SETA TTT TTT 
= rs DR Yai UA Ch = 50pF mmmme | | 
ws ui : | q Oil CL = 15pF mn | | 
< fe 10° — v» LT—TT———— rh 
ar ~ 5 —_ an 
S z eS an 
5 = “1th Hi 
: Sie LLY Hil 
ro) .°) 8 Val an 
= a4 Ld 
e ‘VY LL 
4 2 
6 10 » 
2 4 68 2 468 2 468 2 468 
0 25 10° to! 10? 1 104 


10 15 20 
INPUT VOLTAGE (VI) (V) | | INPUT FREQUENCY (fl) (kHz) 


FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF INPUT FREQUENCY 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 
PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 9. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 10. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 


Chip Dimensions and Pad Layout 


Alia 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0:004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 a CMOS Hex Buffer 
Features Pinout 
e High Voltage Type (20V Rating) CD4503BMS 
TOP VIEW 


_2 Output Disable Controls 


3 State Non-Inverting Type 
1 TTL Load Output Drive Capability 


3 State Outputs 


Pin Compatible with Industry Types MM80C97, 
MC14503, and 340097 


5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
¢ 3 State Hex Buffer for Interfacing ICs with Data Buses : ; 
* COS/MOS to TTL Hex Buffer Functional Diagram 
Description 

; DISABLE A Oo 
CD4503BMS is a hex noninverting buffer with 3 state G 
outputs having high sink and source current capability. Two D1 re) 
disable controls are provided, one of which controls four — 
buffers and the other controls the remaining two buffers. 

D2 


The CD4503BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T | . m 
Frit Seal DIP HIE | . 
Ceramic Flatpack H6W 


D4 
D5 


D6 


DISABLE B 


VDD = 16 
VSS =8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3335 


Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings | Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ a 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..........-....4- 70°C/W 20°C/W 

DC Input Current, Any One Input............. 2. cee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range...............- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mWw 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to. +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ...............6. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ..... Gle-wie fo,0 we Ss ete sin ae antoae +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 8 


+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


> 


VDD = 3V, VIN = VDD or GND 8B 


2) 


QO 
(on) Ss 
—~ or 


PPEPEEL «| << 


GROUP A 
VOD=20V, VIN=VDDorGND 1 [250 - | 2 | pa 
eae 
WOD= tev, VIN=VODorGND | 3| sec +t - [2 | ua 
vop=20 [1 | ves"e | 100 | - | na 
(ele teat one oom Se 
wop-tev{ 3 | ss | 100 | - | na 
ViN=VoDerGnD |vop=20 | 1 | asc [| - | 100 | na 
aan ee 
wop=tev[ 3 | 56% | - [100 | na 
WOD=15V,Notoad——=«d 4,8 [26°C +125°0, 5rc| - | 50_| mv | 
P12, [r25r0, +126°0, 65°] 1405] - | v_ 
Output Current (Sink) | 10L5 |voD=sv,vouT-oav | 1 | wee | 21 | - | ma 
voD= ov, vour=osv- {1 [| vase | 5 | - | ma 
VoD =16v, vour=1v_-[ 1 | vaso 161] - | ma 
vOD=sv,vouT=4ev_ [1 | vase] - [aca] ma 
VDD = 6v, VOUT=2.5V ee 
voD= ov, vour=osv__- [1 | src] - | 26 | m | 
vDD=16v, vouT=135v | 1 | asc | - | 68 | ma_ 
VDD = 10V, ISS = OHA SO 
VPTH [VSS=0v,IDD=1ua ——*| 1 | sre —'| ov | 28 | v_ 
VDD =2.8V, VIN= VoD erenD_| 7 | _+a5°c | voH> | voL<| _v 
voore | von2 
re 
ae 3 


Input Voltage High VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
(Note 2) >. 3 

Input Voltage Low VIL {VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 


: VOL < 1.5V 


VIN=VDDorGND {VDD =20V 
VOUT = OV . 4+125°C 
VOD = 18V 
VIN=VDDorGND |VDD=20V 
VOD = 18V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 


2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL SUBGROUPS | TEMPERATURE 


LIMITS 


MIN, | MAX. | UNITS 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 110 | ns | 
pete) ew ee eee ae 
Propagation Delay TPLH |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 150 | ns | 
Perey Yeas POP | ae ane ae 
sae | trot [ez NO rea ee 
Stat TeEH_| Wot02 3 70,1 | via8°0, 250 [| 189 [ ns 
Ea Se er ec 
Sets TAZ _| Wate? 3) (70, | 28°0, 55% [248 | ns 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 70 | ns | 
emare feg | eee Oe 
Transition Time TTLH |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 90 | ns | 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE U 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 
| +125°C 
Output Voltage VOL |VDD=5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOL {VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VOH’ | VDD =5V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 


+125°C . 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 

. 65°C 
+125°C 
-55°C 

-+125°C 
-55°C 


an ee 
hsiel idan 
Hii tannic 
eee 


oO} N 
= 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. . _ LIMITS 
. PARAMETER SYMBOL|. . © CONDITIONS. NOTES TEMPERATURE 


aur Tar ieee 


Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V oe 425°C, +125°C, rn ce 
| nak | -55°C 


| | -55°C 
Propagation Delay TPHL |voD=40ov Tt | ee5ec | 50s 
Seemann tk <== ~ eomncoee See aes oa ae I Ae 
Propagation Delay | TPLH |voD=tov—S~sS et «dtd 
ReccneAle ik 5 eceeemres Oc ae oe 
Propagation Delay | TPHZ |[VDD=10V | 24 | tS] | 60s 
sicacumnane ta es percept ane see ine aed aoe ae 
real si eae a a a 
Tz [vopeiv SSS tna | asf 
Transiion Time TH |vop=tov SSS | ast a 
voD=tsv SSCs 
|[Tanstion Tin re A oR 
vop=tsvSSSSC~iYSC Pvt ids) 
input Capactance | OIN[anyinputs ————SCS~dS—SCi ee ee ae 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL =50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


N Threshold Voltage VNTH | VDD = 10V, ISS =-10HA 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA 
Delta 


P Threshold Voltage AVTP |VSS = OV, IDD = 10uA 
Delta 


F VDD = 18V, VIN = VDD or GND 1 425°C “VOH > 
VDD = 3V, VIN = VDD or GND VDD/2 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF <20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[SupplyCurent-wSi1__ | 10D —~(e0aWA 
+ 20% x Pre-Test Reading | 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 2 (Post Burn-in) 
PDA (Note 1) . 


Interim Test 3 (Post Burn-In) 


PDA (Note 1) 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883. TEST | ’ READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-Ini | 3,5, 7,9, 11,13 | 1,2, 4, 6, 8,10, 12, 16 
(Note 1) 14, 15 
Static Burn-In2 | 3, 5, 7,9, 11, 13 1,2, 4, 6, 10, 12, 
(Note 1) 14-16 
Dynamic Burn- | 3,5, 7,9, 11,13 | 2, 4, 6, 10, 12, 14 
In (Note 1) 
Irradiation 3, 5, 7,9, 11, 13 1, 2, 4, 6, 10, 12, 
(Note 2) 14-16 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Logic Diagram 


* 


— Dio 
2 (4, 6, 10, 12, 14). . 


DIS A (B) 
1 (15) 


DISABLE TO OTHER 
BUFFERS 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


= 
fe 
3 (5, 7, 9, 11, 13) 


“TRUTH TABLE 


X = Don't Care 


FIGURE 1. LOGIC DIAGRAM OF 1 TO 6 IDENTICAL BUFFERS | 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C ee 
s GATE-TO-SOURCE VOLTAGE (VGS) = 15V La 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
F- 
i=) 


0 -_ 2 6 7 8 9 10 
pisses. dee VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
9 8 7 6 S$ 4 3-2 A. 0 
_ 


\] 


‘ 
8 3 


g 8 


rs 
r=) 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


Va 
= 
ba 
im 
iz 
= 


-70 
AMBIENT TEMPERATURE 


eel TT 


FIGURE 4. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
8 8 7 6 56 4 3 2 A 0 


-10 


AMBIENT TEMPERATURE (Ly)=125°C | | | 


FIGURE 5. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


nt 
So 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) ~ 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE 


POWER DISSIPATION (PD) (uW) 


© 
O 
vo) 
= 


FREQUENCY (f) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°? inch). 


Tf 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


1 
{ 
il 
Hy 
+. 


68-76 
(1.727- 1-930) 


JU 
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CD4504BMS 


CMOS Hex Voltage Level Shifter for 
TTL-to-CMOS or CMOS-to-CMOS Operation 


December 1992 


Features Pinout 
e High Voltage Type (20V Rating) © - CD4504BMS_ 
TOP VIEW 
e Independence of Power Supply mequelce Consider- 
ations - 
- VCC can Exceed VDD _ | NCE 
- Input Signals can Exceed Both VCC and VDD Aout [2| 
¢ Up and Down Level Shifting Capability AIN [3 | 
¢ Shiftable Input Threshold for Either CMOS or TTL BOUE La 
Compatibility BIN | 5, 
¢ 100% Tested for Quiescent Current at 20V _ Courts 
CIN 
e 5V, 10V and 15V Parametric Ratings veal! 
¢ Standardized Symmetrical Output Characteristics 
¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard beat for Description of gi : 
‘B’ Series CMOS Devices” Functional Diagram 


Description 


CD4504BMS hex voltage level shifter consists of six circuits 
which shift input signals from the VCC logic level to the VDD 
logic level. To shift TTL signals to CMOS logic levels, the 
SELECT input is at the VCC HIGH logic state. When the 


VDD 


vec | 


. IN OUT 


LEVEL ; 
SHIFTER 
(2, 4, 6, 10, 12, 15) 


(3, 5, 7,9, 11, 14) 


SELECT input is at a LOW logic state, each circuit translates | VCC = PIN 1 
SELECT © TTLICMOS VDD = PIN 16 
signals from one CMOS level to another. 13 MODE SELECT VSS = PINS 


The CD4504BMS is supplied in these 16-lead outline packages: 


Frit Seal DIP H1F 
Ceramic Flatpack H6W VDD 
* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 


NETWORK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3336 


Copyright © Harris Corporation 1992 7-1140 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) .............. . 0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input.............. ies eaaee +10mA 

Operating Temperature Range..............8. -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............06. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum : | . 


Reliability Information 


Thermal Resistance .............06- 8 
Ceramic DIP and FRIT Package ..... B0°C/W 20°C/W 
Flatpack Package ................ 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For TA = -55°C to +100°C (Package Type D, F, KK) ..... , 500mW 
For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mMW/C to 200mW 

Device Dissipation per Output Transistor ............. «- 100mW 
For TA = Full Package Temperature Range (All Package Types) 

Junction Temperature ........... neg Oacetene nares tha ates +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current 


Input Leakage Current 


VOL15 |VDD = 15V, No Load 


P Threshold Voltage 


Functional 


PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN=VDDorGND | 


VIN=VDDorGND- {|VDD=20 


. VDD = 18V 
VIN=VDDorGND- {VDD=20 
VDD = 18V 


VOH15 }VDD = 15V, No Load (Note 3) 


Output Current (Source) 
utputCurent Source] 1058 [VOD =v, VOUT=25V_____ 

Pionto |voo=10v, vOuT=95V 
Output Gurent(Source)| 10818 |vDD=15V, VOUT= 135 


F VDD = 4.5V, VCC = 2.8, . 
VIN = VDD or GND 
VDD = 4.5V, VCC = 3.0, : 
VIN = VDD or GND 
VDD = 18V, VCC = 18V,_ 
VIN = GND or VCC" | 


O 
= 
ao) 
= 
QO 
& 
® 
= 
g 
= 
oe 
fi 

= 
oOo 
< 
s) 
Oo 
ul 
oi 
Ss 
< 
Oo 
Cc 
= 
ul 
S 
b 
< 


VDD = 18V, VCC = 4.5V, 8A 
VIN = VCC or GND 1 ; 
VDD = 4.5V, VCC = 18V, 

VIN = VCC or GND 

VDD = 20V, VCC = 20V, 

VIN = GND or VCC 

VDD = 20V, VCC = 4.5V, 

VIN = VCC or GND 

VDD = 4.5V, VCC = 20V, 

VIN = VCC or GND 


GROUP A f 
‘TEMPERATURE 


+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C | 
55°C. 
5°C, +125°C, -55° 
5°C, +125°C, -55° 


c 
PRES ELE 


nC 
2. 


14. 


no 
2) 
co 
a 


+25°C 
+25°C 


+25°C 
+25°C 
— 425°C 


(=) 


ele ELT Vel=fela | LT falelal | LE 


VDD/2 


V 
VDD/2 


-55°C 


fo) 
ies) 


+125°C 


+125°C ‘|. 


+125°C 


re) 
> 


+25°C 


+25°C 


+25°C 


< 

o o 

ZX N 
3 
3 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) — 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, VOL <1V +25°C, +125°C, -55°C 
(Note 2) TTL-CMOS_ VCC =5V__ 

Input Voltage High ‘VIH_—= {VDD = 15V, VOH > 13.5V, VOL < 1V +25°C, +125°C, -55°C 

(Note 2) TTL-CMOS | VCC =5V ~ | 

Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, -55°C - 
(Note 2) CMOS-CMOS VCC = 5V - 
Input Voltage High _VIH VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, -55°C 
(Note 2)CMOS-CMOS VCC = 5V . | 


| Input Voltage Low VIL VDD = 15V, VOH > 13.5V, VOL < 425°C, +125°C, -55°C 
(Note 2) CMOS-CMOS : : : 


1.5V, VCC = 10V 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, VOL < 
(Note 2) CMOS-CMOS 1.5V, VCC = 10V . 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit: 
implemented. is 0.050V max. : ; 
2. Go/No Go test with limits applied to inputs. 


+25°C, +125°C, -55°C] 7 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


GROUP A 
_ PARAMETER SYMBOL | CONDITIONS (NOTE 1, 2) SUBGROUPS | TEMPERATURE 
+125°C, -55°C 


_ LIMITS 


VDD > VCC - 


Propagation Delay 
CMOS to CMOS VDD > 
voc 


Propagation Delay 
CMOS to CMOS VCC > 
VDD 


Propagation Delay 
TTL to CMOS 
VDD > VCC 


Propagation Delay 
CMOS to CMOS VDD > 
VCC 


10, 11 +125°C, -55°C 
Propagation Delay | 


VDD = 5V, VIN = VCC or GND 425°C 
CMOS to CMOS VCC > 


VDD = 10V, VIN = VCC or GND 
VCC =5V 


TTL to CMOS . VCC = 5V 
+125°C, -55°C 


ee ee 
ee ee 


a be) 


Propagation Delay | VDD = 10V, VIN = VCC or GND 
ee ee 


VDD = 5V, VIN = VCC or GND 
VCC = 10V 


x 
> 
GO 


VDD = 10V, VIN = VCC or GND 
VCC = 5V 


10, 11 +125°C, -55°C 


VDD = 10V, VIN = VCC or GND 
VCC = 5V 


Transition Time TTHL | All Modes +25°C 
as 10, 11 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. | 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 


Supply Current 


LIMITS 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 


< 


VDD = 5V, VIN = VDD or GND 1,2 
VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


Output Current (Sink) lIOL5 | VDD =5V, VOUT = 0.4V +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
Output Current (Sink) IOL15 | VDD =15V, VOUT = 1.5V +125°C 
Output Current (Source) lIOH5A | VDD = 5V, VOUT = 4.6V +125°C 
Output Current (Source) IOH10 
VIL | VDD = 10V, VOH > QV, 
TTL - CMOS VOL < 1V, VCC = 5V 
VIH_ | VDD = 10V, VOH > 9V, 
TTL - CMOS . | VOL <1V, VCC = 5V 


120 


+25°C, +125°C, 


+25°C, +125°C, 


4.95 


SR ERREARE 
Q) .@) .@) 


0.36 


S13 
>| > 


3 
> 


2.4 
4.2 


3/313 }/3 
PLP], >] >| > 


55°C 
+125°C 


> 


mA 
mA 
-4.2 mA 


fo | 
oe kos) 
> 


+125°C 
-55°C 
+25°C, +125°C, 


a Masi HRB 
.?) 1?) 


425°C, +125°C, 


-55°C 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 425°C, +125°C, 
CMOS - CMOS VOL < 1.5V, VCC = 5V © «55°C 


VDD = 15V, VOH > 13.5V, 


Input Voltage High VIH 

CMOS - CMOS VOL < 1.5V, VCC = 5V 
Propagation Delay TPHL1 {VDD = 15V, VCC =5V | 
TTL- CMOS, VDD > VCC i 


+25°C, +125°C, 
; -55°C 


— +25°C 


Propagation Delay TPHL2 | VDD = 15V, VCC = 5V +25°C 240 
ones e> VDD = 15V, VCC = 10V 425°C 140 


‘VDD > VCC 


Propagation Delay TPHL3 | VDD =5V, VCC = 15V 425°C | 550 

CMOS - CMOS, - - : 

VCC > VDD | VDD = 10V, VOC = 15V 1,2,3 +25°C 140 
+25°C 280 


Propagation Delay TPLH1 | VDD = 15V, VCC = 5V 
TTL- CMOS, VDD > VCC 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS 


Propagation Delay TPLH2 {| VDD = 15V, VCC =5V 


CMOS - CMOS, VDD = 15V, VCC = 10V 


MIN 
| 123 a pons 
oe i a 
| 423 Pee | ns | 
| 23 ea] pons 

a 


CMOS - CMOS 
Transition Time TTHL | VDD=10V 
TTLH  [ypp = 15V 
Input Capacitance CIN Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE. 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
SYMBOL CONDITIONS NOTES: TEMPERATURE 


Supply Current | IDD |VDD=20V,VIN=VDDorGND{ 1,4 | 425°C | 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10uA 425°C 2.8 
V 


PARAMETER ~ 


N Threshold Voltage AVTN | VDD = 10V, ISS =-10nA oe aoe oe + 
Delta 


P Threshold Voltage VSS = OV, IDD = 10A 1,4 
os : 4 
1 


| ar oe 
Delta 
Functional F - 425°C VOH > | VOL < 
ee ee cr A Kd 
™_ ~ ” _ he bat 
PLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL ‘DELTA LIMI 
Output Current (Sink) 10L5 + 20% x Pre-Test Reading 


Output Current (Source) IOHS5A + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS — READ AND RECORD ; 


Initial Test (Pre Bum-In) 100% 5004 IDD, IOL5, |OH5A | 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 10L5, OH5A | 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS” — READ AND RECORD 


PPonwoety | tesooa [races 
[Ponwoo +t —voomsoon [invades 
TS 


Group B Subgroup B-5 Sample 5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
| MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION VDD 9V +-0.5V | SOKHZ | 
Static Burn-in 1 | 2, 4,6, 10, 12,15 | 3,5, 7-9, 11, 14 16 
(Note 1) 
Static Burn-In2 | 2, 4, 6, 10, 12, 15 1,3, 5,7, 9, 11, 
(Note 1) 13, 14 


Dynamic Burn- 
In (Note 1, 3) 
1,3, 5, 7,9, 11, 13, 
14, 16 


1. Each pin except VCC, VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VCC, VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Oscillator output to be VDD/2. 


TABLE 7. TOTAL DOSE IRRADIATION 
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Typical Performance Characteristics _ 


AMBIENT TEMPERATURE (Ta) = 425°C ree | 


1/6 OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


_DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 1. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS - 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) _ 


FIGURE 3. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Tg) =+25°C_ |__|} 
nh 


10 


*VSWITCH = INPUT VOLTAGE 
AT WHICH OUTPUT LEVEL 


INPUT SWITCHING VOLTAGE (VSWITCH) (V) 


2.5 § 7.5 10 125 158 17.5 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 5. TYPICAL INPUT SWITCHING AS A FUNCTION OF 
HIGH LEVEL SUPPLY VOLTAGE (SELECT AT 
VCC-CMOS MODE) 


146 OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
2 
So 


AMBIENT TEMPERATURE (Ta) = +25°C kee a 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 __ $s 0 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


FIGURE 4. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | 


ay Fell 
DSSS 


*VSWITCH = INPUT VOLTAGE 
AT WHICH OUTPUT LEVEL 
0% © 


INPUT SWITCHING VOLTAGE (VSWITCH) 


2.5 5 7.5 10 125 15 17.5 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 6. TYPICAL INPUT SWITCHING AS A FUNCTION OF 
HIGH LEVEL SUPPLY VOLTAGE (SELECT AT 


VSS-TTL MODE) 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE 


esata CMOS MODE = | 
RECOMMENDED | : 
OPERATING 


SUPPLY VOLTAGE (VDD) (V) 


0 5 10 15 20 4 3=625 
SUPPLY VOLTAGE (VCC) (V) — 


FIGURE 7. HIGH LEVEL SUPPLY VOLTAGE vs LOW LEVEL SUPPLY VOLTAGE 


Chip Dimensions and Pad Layout 


LOGIC 


5 raceme Se oa 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches _ 
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pees 2 i" CMOS Dual 4-Bit Latch 
Features _ | Pinout . 
¢ High-Voltage Types (20-Volt Rating) — + - - CD4508BMS 
. orn a) 3 TOP VIEW 
¢ Two Independent 4-Bit Latches . | | 
e Individual Master Reset for Each 4-Bit Latch | 7 RESET A L1 24] VDD 
¢ 3-State Outputs with High-Impedance State for Bus — stRoBE AL. ase 
Line Applications : OUTPUT DISABLE A 2 D3B 
a ie | é Q2B 
¢ Medium-Speed Operation: tPHL = tPLH = 70nS (Typ.) mn qi nas 
at VDD = 10V and CL = 50pF | _ QOA 
DIA L6! 19] Q1B 
e 100% Tested for Quiescent Current at 20V cae fal DIB 
e 5V, 10V, and 15V Parametric Ratings | D2A [8] QoB 
e Standardized, Symmetrical Output Characteristics a2a L9| 16] DoB 
| D3A [10 15] OUTPUT DISABLE B 
¢ Maximum Input Current of 1A at 18V Over Full Pack- aan hal STROBE B 


age Temperature Range; 100nA at 18V and 25°C 


vss [12! 13] RESET B 
¢ Nolse Margin (Full Package-Temperature Range): 
- 1Vat VDD =5V 
- 2Vat VDD = 10V | | | | 
- 2.5V at VDD = 15V | , Functional Diagram 
¢ Meets all Requirements of JEDEC Tentative Standard «i? | 
No. 13B, “Standard Specifications for Description of | = oytpyr 
‘B’ Series CMOS Devices" | a | |. DISABLE 
| Se rn eS DOA 
Applications DIA 
¢ Buffer Storage oe es | ee OUTUTS 
e Holding Registers io. - STROBE 
* DataStorage and Multiplexing © 8 § = | | reser 
: | eure 
Description - es ae gee 
CD4508BMS dual 4-bit latch contains two identical 4-bit D1B 
latches with separate STROBE, RESET, and OUTPUT pep 
DISABLE controls. With the STROBE line in the high state, | 
the data on the "D" inputs appear at the corresponding "Q" 3B 
outputs provided the DISABLE line is in the low state. STROBE 


Changing the STROBE line to the low state locks the data 
into the latch. A high on the reset line forces the outputs to a 
low level regardless of the state of the STROBE input. The 
outputs are forced to the high-impedance state for bus line 
applications by a high level on the DISABLE input. 


The CD4508BMS is supplied in these 24 lead outline 


av 
mm 
” 
Tm 
=f 


- packages: 
Braze Seal DIP H4V 
Frit Seal DIP H1iZ 


Ceramic Flatpack H4P 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3337 
Copyright © Harris Corporation 1992 7-1148 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............5- 70°C/W 20°C/W 

DC Input Current, Any One Input. ... 2.2.0... . ccc e eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............6.- -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG).......... . 65°C to +150°C Linearity at 12mMWPC to 200mW 

Lead Temperature (During Soldering) ..............0.- +265°C _ Device Dissipation per Output Transistor ..........-.... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ... 2... ee ccc ee cee cece nee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUPA | _ 3 ee 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS} TEMPERATURE | MIN | MAX jUNITS 


_ [Supply Current VDD = 20V, VIN = VDD or GND 
Seeman! 

Input Leakage Current lL |VIN=VDDorGND |VDD=20 

ial mee 

__|von = 18v 

Input Leakage Current VIN=VDDorGND {VDD =20 

ie l= 

VOL15 #25°C, +125°C, -55°C 


Po pre 
“NI p> 


Fl Eee 
PEPER | <<<] PPP Perel lip 


125°C, +125°O, 55° 149 
1OL10 _|VDD = 10V, VOUT = 0.5V 
iOHSA 
JOutputCurrent (Source)} IOHSB_|VDD=5V,VOUT=2.5V_ 
Output Current (Source) 1OH10_|VDD=10V,VOUT=9.5V_ 
Output Current (Source)|_10H15_ [VDD = 15V, VOUT = 13.5V 
vPTH 
Functional 7 VOH> | VOL < 
| 7 eal aia 
a6 


©) 


+25°C, +125°C, -55° 


2) 


+25°C, +125°C, -55° 


2) 


2) 


VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55° 


+25°C, +125°C, -55° 


VDD = 20V 
‘ 
VOD = 18V 
Tri-State Output VIN=VDDorGND [VDD =20V 
Leakage VOUT = VDD 
| 

NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. . 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS _ | - % 
ae | | “5 GROUP A : | 
ee ee ee ee ee 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | 425% | - | 260 | ns | 
ote 2) NT 
Transition Time. TTHL |VDD=5V,VIN=VDDerGND {| 9 | +25% | - | 200 | ns | 


NOTES: 
1. CL=50pF, RL = 200K, Input TR, TF < 20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


- PARAMETER SYMBOL See NOTES 
Supply Current fF VDD = 5V, VIN = VDD or GND 


LIMITS 


lel) tele tele tele leeleleet 2] PPP PPE I 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C. 

+25°C, +125°C, 
-55°C 


UNITS 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


Output Voltage VDD = 5V, No Load 
VDD = 10V, No Load 


Cestae i (ccd leona NoLoad . 
] 


: 
.@) 


+25°C, +125°C, 
-55°C 
+125°C 
-55°C 


VDD = 10V, No Load 
IOLS {| VDD =5V, VOUT =0.4V 
Output Current (Sink) 1IOL10 _ | VDD = 10V, VOUT = 0.5V +1 25°C 
a sa Spe - 55°C 
Output Current (Sink) — 1IOL15 | VDD = 15V, VOUT = 1.5V 1,2 +125°C 
| | 7 | -55°C 
Output Current (Source) ie VDD = 5V, VOUT = 4.6V . 


4 


NO 


+25°C. 
+25°C 


oak 


Nh 


40 


Propagation Delay TPHL1 | VDD =10V 
Strobe In to Data Out TPLH1 VDD = 15V ] 
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ss 
= 


2,3 


Lacon 
Output Current (Source) | IOHSB | VDD = 5V, VOUT = 2.5V 
emcee! heal ites Il = 
Output Current (Source) _ VDD = 10V, VOUT = 9.5V 
Output Current (Source) VDD =15V, VOUT = 13.5V 
, VDD = 10V, VOH > 9V, VOL < on | 425°C, +125°C, 
1V ‘ ; ~55°C 
VDD = 10V, VOH > BV, VOL < ae +25°C, +125°C, | 47 
1 : -55°C 
HI 23 
| 23 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL | NOTES |TEMPERATURE| MIN | MAX | UNITS 


Propagation Delay TPHL2 | VDD =5V ee ee ee ee 
TPLH2 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


= 15V 


TPHL3 | VDD =5V 
TPLH3 [VpD = 10V 

= 15V 
TPHZ |VDD=5V 
TPZH 


Propagation Delay. 
Reset to Data Out 


Propagation Delay 
3-State 


<[< < < 
Oo; 9 so) 0 
0} oO O oO 


N 
oO 


= 10V 
Transition Time TPLZ +25°C 

3-State TPZL +25°C 

Transition Time TTHL | VDD =10V — +25°C 100 
— | TTLH  [Vpp = 15V ~+25°C 

Minimum Strobe Pulse Tws 1,2,3 +25°C 4 


+25°C 
+25°C 
+25°C 

| +25°C 
+25°C 

.  +25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Minimum Data Setup 
Time 


<f|[< 
O;O 
i 
o1 
< 


< 
oe) 
Oo 


TS 
= 10V 
= 15V 

TH 
=10V 
= 15V 

TWR 
| = 10V 

=15V . 


Minimum Data Hold Time 


<i< 
0O};O 
O;O 
oO 
< 


| 
Oo 
Oo 


mM] © 


| 
oO 
Oo 
oO 
< 


Minimum Reset Pulse 
Width 


Input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
4. CL =50pF, RL = 1K, Input TR, TF < 20ns. 


< 
o 
s) 
iS 
oO 


100 


—_ 
fe) 
—) 


on 


pF 


>is 
=15 
=i 
3 
5 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES 


CONDITIONS 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND 


N Threshold Voltage VNTH {VDD = 10V, ISS =-10pA 2.8 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


P Threshold Voltage _ AVTP |VSS=OV,IDD = 10pA 

Delta 

Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time | TPHL |VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supply Gurent-msie | _0|esqa 


+ 20% x Pre-Test Reading 


TABLE. 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD . GROUP A SUBGROUPS READ AND RECORD 


initial Test (Pre Burn-in) | 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5, IOHSA 


[poate +t oonsooe | ire 
[poate t) _———S*dC ooo | Domes PSSCSC~*d 
Frattest | toons00e | a aenenian | 
jemupa | _Sanposnos | 42.a,7,00000100 [ 
hl =< os Ra ERE 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


serene TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD. | “POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 | 5008 | 1,7,9 Table 4 Table 4 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION cw | ee | | 
Static Burn-In 1 | 5, 7, 9, 11, 17, 19, 1-4, 6, 8, 10, 24 
Note 1 21,23 12-16, 18, 20, 22 
Static Burn-In 2 | 5, 7, 9, 11, 17, 19, 1-4, 6, 8, 10, 13- 
Note 1 21, 23 16, 18, 20, 22, 24 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V : 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Logic Diagram 


OUTPUT DISABLE SSS sesereassasenaaacaasusaannaaaansaaaaaasaaasansaaany 


TYPICAL LATCH 


* 


20—| So 


‘ 
N 
‘ OUTPUT DISABLE VDD 


CikekttLttirtitithtthid 


OUTPUT N 
DISABLE - A N 
\ 
1¢© 
RESET-A ; ST N 
N N 
* N e & e ‘ 
4(6, 8, 10) N N 
O . > D @ A N 
Dn-A N N 
. 
‘ \/ vss $ 
N = O N 
N ST ST % 
\ LY 
N \ 
N . 
N . 
a ; 
2 . ST . 
N N 
STROBE - A . N 


* All inputs protected by CMOS protection network. » 


FIGURE 1. LOGIC DIAGRAM (A-SECTION), 1 OF 4 IDENTICAL LATCHES . 
WITH COMMON OUTPUT DISABLE, RESET AND STROBE 


TRUTH TABLE 


1 = HIGH LEVEL X = DON'T CARE 
Z= 


0 = LOW LEVEL 


A 


IGH IMPEDANCE 
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-CD4508BMS 


Typical Performance Characteristics _ 


, eaoraremiecrae [|g [amarfaweunferanate | 
z , 7 . | 
3 Z ee oe 
é 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V t 15.0 ae 
2 «125 = 
: : 
oO 
g ¢ 10.0 
Ss S is 
i 10 | 7 5.0 
E 5 E 2.5 
0 10 5 0 5 10 15 
. DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V)__ | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0, -15 -10 5 0” 
AMBIENT TEMPERATURE (Ta) = +25°C _| AMBIENT TEMPERATURE (Ta) = +25°C <q 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V GATE-TO-SOURCE VOLTAGE (VGS) = -5V = 
5 
li 
cc 
ec 
3 
: 
= 
G 
< 
J 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH SCOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


wR 
o 
o 


TRANSITION TIME (fTHL, fTLH) (ns) 
a 
Oo 


PROPAGATION DELAY TIME (tPHL, tPLH) - ns 


0 20 40 60 80 100 40 
LOAD CAPACITANCE (CL) (pF) . ” LoaD CAPACITAN cE “CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
LOAD CAPACITANCE . FUNCTION OF LOAD CAPACITANCE (STROBE TO 


DATA OUT) 
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Typical Performance Characteristics (continued) 


10° 7 


h 
| 


= 
Qo. 
a 


tt Tt 
0 


rp 
Va 
a 
a 
ba 
ba 
jae 


POWER DISSIPATION PER 4-BIT LATCH 
(PD) - pW ‘ 
a 
So 
oo 
ica 
a 


| INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Waveforms and Test Circuits 
tW(st) 


STROBE 
INPUT 


tSU 


Dn 
INPUT 


tW(R) 


RESET | d 
OUTPUT 
DISABLE 


tPLH 


tPLH 


Qn OUTPUT 


tTLH tTHL 


| _ FIGURE 9. TEST WAVEFORMS 


VDD 
VDD 50% 
OUTPUT DISABLE —— vss 
tPLZ v8 
- QOUTPUT — VOL 
TEST ANY | Q OUTPUT. — VOH 
2 OUTPUT 1kQ 


a a cs Q ——_—__—__——— VSS 
ses tPHZ 


:. 1PZH 
FIGURE 10. OUTPUT DISABLE TEST CIRCUIT AND WAVEFORMS 
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Bus Registers 


CD4508BMS 


4-LINE 
_DATA 


4BiT SHIFT 
REGISTER 


8 | 


frvsrrorre: -— a 


Swawanwaaeawée 


eweabeygegua gerrpr ys sePeey 


+ CD4508BMS 


DATA BUS 


FIGURE 11. BUS REGISTER FIGURE 12. DUAL MULTIPLEXED BUS REGISTER WITH FUNC- 


TION SELECT 
Chip Dimensions and Pad Layouts 


0 10 20 30 40 50 60 70 80 90 96 
|| 


“eae 
= 


» ie ee 


Dimensions in parentheses are in milimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch.) 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 

' DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-1156 


| = 4-10 | | 
(0.102-0.254) 
93-101 
(2.362-2.565) . 


CD4510BMS 
CD4516BMS 


CMOS Presettable Up/Down Counters 


FARRIS 


SEMICONDUCTOR 


it 


December 1992 


Features 

¢ High Voltage Types (20V Rating) 
¢ CD4510BMS - BCD Type 

e CD4516BMS - Binary Type 


Medium Speed Operation 
- {CL = 8MHz Typ. at 10V 


Synchronous Internal Carry Propagation 


Reset and Preset Capability 

100% Tested for Quiescent Current at 20V 

5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1pA at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Perrine of 
- ‘B’ Series CMOS Devices” 


Description 

CD4510BMS Presettable BCD Up/Down Counter and the 
CD4516BMS Presettable Binary Up/Down counter. consist of 
four synchronously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capability) connected as 
counters. These counters can be cleared by a high level on 
the RESET line, and can be preset to any binary number 
present on the jam inputs by a high level on the PRESET 
ENABLE line. The CD4510BMS will count out of non-BCD 
counter states in a maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses in the down mode. 


If the CARRY IN input is held low, the counter advances up or 
down on each positive-going clock transition. Synchronous 
cascading is accomplished by connecting all clock inputs in 
parallel and connecting the CARRY OUT of a less significant 
stage to the CARRY IN of a more significant stage. 


The CD4510BMS and CD4516BMS can be cascaded in the 
ripple mode by connecting the CARRY OUT to the clock of 
the next stage. If the UP/DOWN input changes during a ter- 
minal count, the CARRY OUT must be gated with the clock, 
and the UP/DOWN input must change while the clock Is 
high. This method provides a clean clock signal to the sub- 
sequent counting stage. (See Figures 13, 14.) 


These devices are similar to types MC14510 and MC14516. 


. : The CD4510BMS and CD4516BMS are eeuppies in these O 
Ap plications 16-lead outline packages: | ro} 
Down Diff 
. Up/Down Di arenes Counting Braze Seal DIP "HAW tH45 ° 
¢ Multistage Synchronous Counting Frit Seal DIP ~ *FBF  +tHIF 
« Multistage Ripple Counting Ceramic Flatpack H6W | 
e Synchronous Frequency Dividers COS5108 Only : PEDAD168 Only 
Pinout © Functional Diagram 
- CD4510BMS, CD4516BMS PRESET ENABLE 
TOP VIEW 
_ PRESET ENABLE [1 16] VDD PL ai 
a4 [2] 45] CLOCK be - 
= P3 Q3 
Pa [3 | 14] Q3 P4 a4 
Pt 4] 13] P3 
CARRY IN [5| 12] P2 
Qi 16} 11] Q2 
CLOCK 
CARRY OUT 10] UP/DOWN UP/DOWN | | 
vss [8 | 19 | RESET CARRY IN CARRY OUT 
VDD = 16 
RESET VSS =8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


File Number 3338 
Copyright © Harris Corporation 1992 7-1157 


Specifications CD4510BMS, CD451 6BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ...............- Gia Bic 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............5.- 70°C/(W 20°C/W 

DC Input Current, Any One Input..... sescececvceeeseeeesst?0mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............64. -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F,K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) .......... sve eaee +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature ........ cece cee ewe eect eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
| GROUP A | 
SYMBOL| | CONDITIONS(NOTE1) | _|SUBGROUPS| TEMPERATURE | MIN | MAX [UNITS 
+2 


VDD = 20V, VIN = VDD or GND 


PARAMETER 


Supply Current 


VDD = 18V, VIN = VDD or GND 


VDD = 20 


a | 
Ola 
va) ° 
QO [© 
Ere ‘ 
oO ot, 
© 
2|s 


VDD = 20 


VDD = 18V 


cn 
oO 

° 
Q 
8 


i 
% 
QO 
2 . 
N oS 
& 
= fe{ [fet fee feel <[2]5 |e |e 5/8 BE 


+25°C VOH > | VOL < 
VDD/2 | VDD/2 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


i 
% 
3) 


co 
ies) 


+25°C, +125°C, -55° 


Q) 


VIL 
VIH 425°C, +125°C, -55° 


Q) 


+25°C, +125°C, -55° 


Input Voltage Low ~ VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 

Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V -_ 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


©) 


2) 


+25°C, +125°C, -55% 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee ee er eee ae 

PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND a ee ee ee 
7 ae eet pe 
Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9: | 425°C | 
= 
Clock to Carry Out TPLH3 


ee 

| es) 

a 

, oe 

Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND ee ee 
re, een ae 
be et La 

ae 

, ae 


Propagation Delay TPHL5 | VDD = 5V, VIN = VDD or GND 
Preset or Reset to Carry | TPLH5 | (Note 3) 10. 14 +125°C, -55°C 


Out 
TTHL | VDD =5V, VIN = VDD or GND 
we 10, 11 +125°C, -55°C 


Maximum Clock Input FCL |VDD=S5V, VIN = VDD or GND a ee 
Frequency 10, 11 +125°C, -55°C 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. Reset to Carry Out (TPLH) only. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 5V, VIN = VDD or GND 1,2 
VDD = 10V, VIN = VDD or GND 55°C, +25°C 


| Supply Current 


- . VDD = 15V, VIN = VDD or GND -55°C, +25°C 
; +125°C 
Output Voltage VOL {VDD =5V,NoLoad +25°C, +125°C, 
? 7 -55°C 
VOL {VDD = 10V, No Load +25°C, +125°C, 
-55°C 
; | 


VDD = 10V, No Load 


VDD = 5V, No Load +25°C, +125°C, 
-55°C 


Output Voltage 


Output Current (Sink) 10OL5 =| VDD = 5V, VOUT =0.4V 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
. : -55°C 


+125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Current (Source) OH5B_ [| VDD = 5V, VOUT = 2.5V 
S lekaceh ana tee eee 
| | “| | | “55°C 


Output Current (Source) | 1OH15 | VDD =15V, VOUT = 13.5V 
ae -55°C 
-55 


Clock to Q Output TPLH1 = 15V | 423 06[  4e8eC 
Preset or Reset to Q TPLH2 = 15V 
Clock to Carry Out TPLH3 = 15V. 
Carry In to Carry Out TPLH4 — 15V 
or Reset to Carry Out TPLH5 — 15V 
Transition Time TTLH .| VDD = 10V | 4,23 | 425°C 


Maximum Clock Input FCL = 10V 
Frequency 


Minimum Hold Time TH | 4,23 | 


VDD = 5V 
Preset Enable to JN VDD = 10V 


VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 


LIMITS 


UNITS 
m 


3 
>| > 


A 


5 


a 
> 


mA 
mA 


< 
O 
1) 


0 
Oo 


< 
O 
oO 


rea 
hota 


240 


r 
oO 


12 


32 
25 


oto 


= 


no 
oO 
° 


Hz 
Hz 


~ 
= 


© oO 


Oo 


Minimum Data Setup 
Time Preset Enable to JN 


4 
=< 


Minimum Data Hold Time 
Clock to Carry In 


4 4 


Minimum Clock Hold 


<i</[< < < 
O10]0 O Oo 
O;oO;O Oo Oo 


™N 
on (o>) 


Time Clock to Up/Down VDD = 10V 3 
VDD = 15V 30 
Input Capacitance CIN | Any Input pF 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. Reset to Carry Out (TPLH) only. 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
PARAMETER SYMBOL ae, NOTES |TEMPERATURE| MIN | UNITS 


Supply Current | IDD |VDD=20V,VIN=VDDorGND] 14,4 | 425°C | pA 
N Threshold Voltage VNTH_ | VDD = 10V, ISS =-10HA 


| aa | 28 
N Threshold Voltage AVTN | VDD = 10V, ISS =-10pA 1,4 oe +1 Vv 
Delta 
P Threshold Voltage AVTP |VSS=OV,IDD = 10pA 1,4 +25°C +1 V 
Delta 
Functional F | VDD = 18V, VIN = VDD or GND 425°C VOH> | VOL<}| V_ 
VDD = 3V, VIN = VDD or GND MOBIC | Meee 

Propagation Delay Time TPHL | VDD=5V +25°C : 

TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[—rarawerer _[_svwaot_[ _DELTALMT 
Suey Gurent-msi2@——| > fatwa 
-[outwur Curent (Sous) | _10nSA | 20% xPro-Test Reading 


| TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD ' GROUP A SUBGROUPS READ AND RECORD 


Poawoen | _toomsnos | a abomas CS 
[PoAWoety _—_———~+dt—tooms0oe bom 
Ca Ce 
copa | Samprosoos | aaa7easnoi ) 

swe es | sempiosoos | ne 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Group D 


TABLE 7. TOTAL DOSE IRRADIATION 


ae READ AND REGOAD 
~| -| ° CONFORMANCE GROUPS . METHOD :PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION | 9V + -0.5V 


CD4510BMS - _ | 


Static Burn-in 1 2,6,7,11,14 | 14, 3-5, 8-10, 12, 
(Note 1) 13, 15 
Static Burn-in 2 2,6, 7, 11, 14 1, 3-5, 9, 10, 12, 
(Note 1) 13, 15, 16 
Dynamic Burn- 1, 3, 4, 8, 9, 12, 13 2,6, 7, 11, 14 
In (Note 1) 


Irradiation 2, 6, 7, 11, 14 1, 3-5, 9, 10, 12, 
(Note 2) - | 13, 15, 16 
NOTES: 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of aul + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Logic Diagrams 


of a - = a = es Q4 
2 


[np Bs Bo Uo t 5 A 


RESET*® 


PRESET* 
ENABLE 


15 
CLOCK* © 


a | 
CARRY OUT © 


i og 
CARRY IN* : 


UP/DOWN* © 


_ * ALL INPUTS ARE PROTECTED | 
BYCMOS PROTECTION 
vss NETWORK 


FIGURE 1. CD4510BMS 
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Logic Diagrams (Continued) 


ei ps eos oa is a P4* Qa 
3 2 
9 e e e e 
~ GIS SY 
: DD: 
ne TRATIAN HZ 
15 
CLOCK* © 
7 
CARRY OUT © 


5 
CARRY IN* © i. 0 


10 
UP/DOWN* @ > : 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
vss NETWORK 


© 
0) 
Oo 
I 


FIGURE 2. CD4516BMS 


TRUTH TABLE 
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Typical Performance Characteristics 


E : = 
S 3 
ce a e 
oc ae 
3 . 8 
2 

a Fd 
= 

=) 

E E 
ro re) 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | - | " DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) _ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 $ 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS : ee CHARACTERISTICS 

@ 
E£ 
ay 
2 z 
£ bie 
= z 
-_ — 
7 = 

= FE 
= > 
z | 
2 4 
2 S 
Pas E 
ras | g 
a 
re) 
ec 
a. 

0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL TRANSITION TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
CAPACITANCE CAPACITANCE FOR CLOCK-TO-Q OUTPUTS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50pF 


—_—-— 
OE 
ON A RL Oe 


MAXIMUM CLOCK INPUT FREQUENCY 
(fCL MAX) (MHz) 
POWER DISSIPATION PER GATE (PD) (uW) 


a. WE 2 2 es 
WE .. SE EE 2 ee 
_s 


2 468 2 468 2 468 2 468 2 468 
01 1 10 107 10° 104 
INPUT FREQUENCY (fCL) (kHz) 


FIGURE 9. TYPICAL MAXIMUM CLOCKINPUTFREQUENCYvs FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION vs 
SUPPLY VOLTAGE FREQUENCY 


SUPPLY VOLTAGE (VDD) 


Test Circuit and Waveform 


100pF (ip) == 500uF 
PULSE 
GENERATOR 


CL 


CL 
VSS 


CL 


__. 
Eee =| [o} [a 


FIGURE 11. POWER DISSIPATION TEST CIRCUIT AND INPUT WAVEFORM 


Acquisition System 


SAMPLE | | 
AND 
idee 10 BIT 
16 CHANN ‘| PARALLEL 
ANALOG ee AID DATA 
DATA CONVERTER OUTPUTS 
INPUTS 1 CLOCK| 


CONVERSION 
LOGIC 
END 


NOTE: 


INPUTS 


Ql Q4 This acquisition system can be operated in the random access mode by 
PRESET jamming in the channel! number at the present inputs, or in the sequential 
INPUTS CD4516BMS mode by clocking the CD4516BMS. 
CLOCK PRESET ENABLE 


FIGURE 12. TYPICAL 16 CHANNEL, 10 BIT DATA ACQUISITION SYSTEM 
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Timing Diagrams 


_ cLock 
_ SsepPrrerrerrerrerrprnnnoy 
. UP/DOWN ae ee= 
ee CTT oT 
CREE EEE EEE eee 


an 

= 
BEEEEEEEEEEEEEEEEE HP ia 
SuaaSaSesate=aTusaeees 


Py cones 
eae cH co CH +e 
< =H =oilue 
HET rE -FE + 
rn OA cs ge li 
SRRRVOUT [7 


iit 
COUNT/O/1/2/3/4/S5/6/7/s/9/e8;/7/6/5/4/3;/2/1/o;/o;o9}e;7]o— 


FIGURE 13. CD4510BMS 


SS NN AERVEGMAGEMEELEGAEP i 
CARRY IN 
UP/DOWN ees 
me LAT EERE EEC 
refi SERRRRRREE ERS SRREREE he 
=== we 
= CPCEEEPEE HEE 
= CECE = rE ate nee qiues 
SEERA TE EEE 
CARRY OUT 


counT]5/6{7/8]9[toltlizfisiialisiols|7{e{slaisi2i1{olols|o 


FIGURE 14. CD4516BMS_ 
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PARALLEL CLOCKING 
peace gee cet me a eel 
PRESET | ae, 
ENABLE | i 


UP/D PE Ji J2. J3 J4 


UP/D PE J1 J2 J3 J4 UP/D PE J1 J2 J3 J4 


qd Cl aCl CD451016BMS COP 


Cl . CDA510H6BMS COP CD451016BMS CO 


RCL Qi Q2 Q3 Q4 CL Qi Q2 Q3 Q4 


RESET 


* CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch pulse resulting from differential delays of different CD4010/16BMS 
IC’S. These negative going glitches do not affect proper CD4029BMS operation. However, if the CARRY OUT signals are used to trigger other edge- 
sensitive logic devices, such as a or counters, the CARRY OUT signals should be gated with the clock signal using a 2-input OR gate such as 
CD4071BMsS. . 


CL Qi Q2 Q3 Q4 


RIPPLE CLOCKING 
UP/DOWN 
PRESET a ea Sees: 


ENABLE Z 


UP/D PE Ji J2 J3 J4 


UP/D PE J1 J2 J3 J4 


CD4510H6BMS CO Pp 


GCi CD4510/16BMS CO Pp 


R CL Qi Q2 Q3 Q4 R CL Q1 Q2 Q3 Q4 
CLOCK al = 


RESET 


1/4 CD4071B 


Ripple Clocking Mode: The up/down control can be changed at any count. The only restriction on changing the up/down control is that the 
clock input to the first counting stage must be high. For cascading counters operating in a fixed up-count or down-count mode, the OR gates 
are not required between stages, and CO is connected directly to the CL input of the next stage with Cl grounded. 


FIGURE 15. CASCADING COUNTER PACKAGES 
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Chip Dimensions and Pad Layouts 


o 10 20 3 40 30 €© %H 80 930 100 


92-100 = = = 90-98 
(2.337- 2.540) = = (2.286~- 2.489 


= = ue 


. wOomn eee 
o— re) 
0 | - Ey aon of 
4-10 / 
(0.102-0.254) o— . 
| ‘ 4-0 
7 ee <a (0.102-0.254) 
5 ___ 80-88. ee 
(2.032- 2.235) 
CD4510BMS : | CD4510BMS 


Dimensions in parenthesis are inmillimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 

PASSIVATION: 10.4kA - 15.6kA, Silane | 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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pone CD4511BMS 


CMOS BCD-to-7-Segment 
Latch Decoder Drivers 


aD 


December 1992 — 


Features | Pinout 


e High Voltage Type (20V Rating) | an 4 re 
TOP VIE 


¢ High Output Sourcing Capability up to 25mA 
e Input Latches for BCD Code Storage 
e Lamp Test and Blanking Capability 


7 Segment Outputs Blanked for BCD Input Codes 
> 1001 


100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Applications 

e¢ Driving Common Cathode LED Displays 

¢ Multiplexing with Common Cathode LED Displays 
¢ Driving Incandescent Displays | 

e Driving Low Voltage Fluorescent Displays 


Description 
CD4511BMS is a BCD-to-7-Segment latch decoder drivers 


constructed with CMOS logic and n-p-n bipolar transistor 3 
output devices on a single monolithic structure. These BCD B 7 ‘e) 
devices combine the low quiescent power dissipation and | wputs d SIReUTS = 
high noise immunity features of Harris CMOS with n-p-n c e 

bipolar output transistors capable of sourcing up to 25mA. 7 t 

This capability allows the CD4511BMS types to drive LED's D 

and other displays directly. | g 

Lamp Test (LT), Blanking (BL), and Latch Enable or Strobe LERSTHOBE BC 

inputs are provided to test the display, shut off or intensity | 

modulate it, and store or strobe a BCD code, respectively. VSS #8 


Several different signals may be. multiplexed and displayed VDD = 16 _ 
when external multiplexing circuitry is used. 


These devices are similar to the type MC14511. 


The CD4511BMS is supplied in these 16-lead outline | : 
packages: 7-Segment Display 


Braze SealDIP = H4W 
Frit Seal DIP -H2R a DISPLAY 
Ceramic Flatpack H6W. | Fy: ! 
e@ c 
d 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3339 


° h * + 
Copyright © Harris Corporation 1992 7-1169 


Specifications CD4511BMS 


Absolute Maximum Ratings _ - ca Reliability Information 


DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Gia 86 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .........e-.005- 70°C/W 20°C/W 

~ DC Input Current, Any One Input................cceceeees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For Ty = -55°C to +100°C (Package Type D, F,K)....... 500mWw 
Package Types D, F, K, H | For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..............00+ +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... 0. cece ec ee ee eees peeere +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A — Lumrs | 
SYMBOL CONDITIONS (NOTE 1) |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Supply Current VDD=20V,VIN=VDDorGND | 4 | 425% | - | 10 | pA 
ee ee od 
WoD=tevvwavopwen |e [so | - | | 
ee oe 
ies [tooo | 
[ss too | = 
VIN=VDDorGND  |VDD =20 

hae 

VOH15_ _|VDD = 15V, No Load (Note 3) 


Input Leakage Current 


ee ee 
[7000 
z 


Input Leakage Current 


BROBERuE 


Output Voltage 


Output Voltage 


E 
< 


Output Current (Sink) 
Output Current (Sink) 
Output Current (Sink) 
Output Drive Voltage 


BEo 


1OL5 {VDD = 5V, VOUT = 0.4V 
IOL10 + |VDD = 10V, VOUT = 0.5V 


B 


as 
ize 
Lea 
14.1 | 
25¢c | 142 | 
| 14.0 | 
hae 
26 | 
| 68 | 


1OL15 {VDD = 15V, VOUT = 1.5V 
LVOH5S |VDD = 5V, IOH = -20mA 


Output Drive Voltage 


LVOH10 |VDD = 10V, IOH = -20mA 
LVOH15 |VDD = 15V, IOH = -20mA 


VNTH |VDD = 10V, ISS = -10nA 


PTH VSS = OV, IDD = 10pA - 


ee ae 


>|. 


7 
cal 
ei 

aa 
[as [aa | 
ras] - Lv 
ake 
rar v 


P Threshold Voltage 


Hl 
<|< 


<|[< 
old 
olo 

il igududiaridi 
; i l]<|<|2 
</< 
rf ZIiz 
nyu dy 

.) e < 
o1s 
Olo 

218 
z19 
Ol 

+} 

D1 
ALB 
a10 

< 

S 

rN} 


Input Voltage Low — 
(Note 2) 


Input Voltage High 


: wn za 
3 = 
2} = 
roy g 
Bls|s 
a 
S 
ay ‘ 
a 
® 


VIL 
VIH +25°C, +125°C, -55°C 


ee 425°C, +125°C, -55°C 


VIL 


Input Voltage Low VDD = 15V, VOH > 12.6V, 
(Note2) VOL < 1.5V ak 


Input Voltage High VIH_ —|VDD = 15V, VOH > 12.6V, 
(Note 2) VOL < 1.5V ? 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD 
implemented. 
2. Go/No Go test with limits applied to inputs. 


+25°C, +125°C, -55°C 


— 
=z 
fe) 
— 
@ 
RO 

~~ 
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Specifications CD4511BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Transition Time TTHL. | VDD =5V, VIN = VDD or GND 
| 419 
TTLH | VDD =5V, VIN=VDD or GND 


NOTES: : . 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


| MAX | 
[1040 | 
| 310 
| 419 
| 80 
| 108 | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee ee 

Supply Current VDD = 5V, VIN = VDD or GND Fo - | 5 [| pA | 

beable I eee ce 

VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 10 | pA | 

; ereec ee 

VDD = 15V, VIN = VDD or GND | -55°C,425°C | - | 10 | pA | 

eee ee 

Output Voltage VOL |VDD=5V, No Load +25°C, +125°C, mV 

ee ee 2 1 ee te 
Output Voltage VOL {VDD =10V, No Load +25°C, +125°C, mV 0) 
es Ae ee eae ee ee 

Output Voltage © VOH | VDD =5V,No Load a ee ee ee ee ee 

a ee ee ee 

Output Voltage VDD = 10V, No Load ee ee ee ee ee 

| ee ee ee ee 

Output Current (Sink) IOL5 | VDD =5V, VOUT = 0.4V | #t25°C | 036 | - | mA 

ee ee eee 

eee [| ee ee 

| | | -55°C 
cai canis ca i el a Mal 
~~. -55°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS(Continued) 


PARAMETER CONDITIONS 
Propagation Delay VDD = 10V 
eee to Output VDD = 15V 
propacalion Delay VDD = 10V 
Data to Output VDD = 15V 


Feo auation Delay TPHL | VDD=5V 
VDD = 10V 
THE VDD = 15V 
Propagation Delay TPLH 
(BT) VDD = 10V: 
VDD = 15V 
Propagation Delay 


Propagation Delay TPLH |VDD= BV 
(ay 


LIMITS 
NOTES TEMPERATURE 
+25°C 

+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


UNITS 


oO 


J 
So 


0 


at 
= 

<|<|< < 

c|o|o S) 

Oo} 0/0 0 

alalel: a} 

<|< 


oh 


70 


Transition ane — TTHL 


Transition Time TTLH 


fa [ar 
Sl Sl 


< <|</</|</</< 
S) S|sicsjojs|c 
S od Bd hed Bd hd Be 
“ alslalalale 
< <|<| <j <j <|< 


=" 
Minimum Data Setup VDD = 5V | 150 | 
Time 425°C 
Minimum Data Hold Time VDD = 5V 
+25°C 
+25°C 
Minimum Strobe Pulse TW VDD = BV +25°C 
Width +25°C 


Output Drive Voltage +25°C 


+125°C 


ak, 


+25°C 
-55°C 
+25°C 
+125°C 


LVOHS5 VDD = SV, IOH =-10mA 


LVOH10 VDD = 10M: 1OH = “10mA 


Go 
> 


Output Drive Voltage 


a) 
9) 


8.85 


VDD = 10V, IOH = -20mA +125°C 8. 


fe) 


> 


VDD = 10V, IOH = -25mA +25°C 


55°C 


<l< “<l<l<l<l<l<l< 
o|s Sojololslojcis 

|S 5] 5/0) 5/o/ 5/0 

ees ae os re ere _ 
: aio io oO 

a SiSVSiS[SpeViste 
| ol Ke) 

=| = 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS(Continued) 


-55°C 


VDD = 15V, |OH = -20mA +125°C 


VDD = 15V, IOH = -25mA 


Input Capacitance Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


UNITS 


VNTH | VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA 
Delta 


F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


o 
S 
Oo 
a 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. _ 4, Read and Record | 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Suppiy Curent-wsr2 | wo [ria 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bum-In) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


a ts MIL-STD-883 ; eH 
‘CONFORMANCE GROUP METHOD GROUP A SUBGROUPS _ READ AND RECORD 


Interim Test 2 (Post Burn-in) | — 100% 5004 IDD, |OL5,IOHSA 
~ PDA (Note 1) 100% 5004 1,7, 9, Deltas fo oe 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, IOLS, IOHSA 


1,7, 9, Deltas 


Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1, 2 3 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 14, Deltas | Subgroups 4, 2, 3, 9, 10, 14 


TABLE 7. TOTAL DOSE IRRADIATION 


| MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD ‘PRE-IRRAD _ POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In 1 
(Note 1) 

Static Burn-In 2 
(Note 1) 
Dynamic Burn- 
In (Note 1) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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VDD 


DRIVER 
LOGIC 


(BL) | 


CD4511BMS 


Logic Diagram 


y VSS 


“T) > 
Paap 


5 Meas A 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION NETWORK 


T 
—o 


FIGURE 1 
TRUTH TABLE 


pe | ow fo pofPe Peta Pepe pa Pe Tt | | osm 


* 
LE/STROBE ° 
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CD4511BMS 


TRUTH TABLE (Continued) 


pee | Po potefetatete te tate | t | | osray 


BEBSSERE 
HEEL EEE 
Bai a ba te a 
Eb Es Ol 
Eo be do 
Ft el se 
Si fe lo 
bbl da El oo 
Bh Oo no 
ee 
eee 
El bo ls 
Fl bl 


X = Don’t Care 
* Depends on BCD code previously applied when LE = 0 


NOTE: Display is blank for all illegal input codes (BCD > 1001). 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
PROPAGATION DELAY TIME (tPLH) (ns) 


0 5 10 15 0 25 50 75 100 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) “LOAD CAPACITANCE (CL) (pF) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT | FIGURE 3. TYPICAL DATA-TO-OUTPUT, LOW-TO-HIGH-LEVEL 
CHARACTERISTICS ' PROPAGATION DELAY TIME AS A FUNCTION OF 


LOAD CAPACITANCE 
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CD4511BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C es 


3 La 
= 60 
BEDS ee 
- SUPPLY VOLTAGE (VDD) = 5V = 50 — 
: ne Ld 
= ul 40 _ _— 
ca os 
pn== s 
te = 20 owl 
g < 
: el La 
“LET et 
a. 
0 25 50 75 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 

FIGURE 4. TYPICAL DATA-TO-OUTPUT, HIGH-TO-LOW-LEVEL | FIGURES. TYPICAL LOW-TO-HIGH-LEVEL TRANSITION TIME 

PROPAGATION DELAY TIME AS A FUNCTION OF AS A FUNCTION OF LOAD CAPACITANCE 


LOAD CAPACITANCE 


[AMBIENTTEMPERATURE (Ta)=iasec | | || 
pt ttt ttt te tT tt 


SUPPLY VOLTAGE (VDD) = 5V 


tr | 
y 
al 
= 


25 | SUPPLY VOLTAGE (VDD) = 15V y+ 


20 Vb / 
«| | 7 
oi || A | 
|| fi | | 


, 


TRANSITION TIME (tTHL) (ns) 
Aa | | ttt 
IN TT Tt ff 
WONG TT Tt 
OUTPUT SOURCE CURRENT (IOH) (mA) 


ANT NE TL TT 
Pa OE HH 


7 
7 
ia ee ee 
CT rer | 
aneP= sree 
eer 
reer 
Pleclesles alesse 


2 
© 
‘oO 
— 


—_ 
a 


0 0.5 1 1.5 
SUPPLY VOLTAGE - OUTPUT DRIVE VOLTAGE (VDD - VOH) (V) 


0 100 200 300 400 ~ 500 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL HIGH-TO-LOW TRANSITION TIME AS A FIGURE 7. TYPICAL VOLTAGE DROP (VDD TO OUTPUT) vs OUT- 
FUNCTION OF LOAD CAPACITANCE PUT SOURCE CURRENT AS A FUNCTION OF SUPPLY 
10° 8 


DYNAMIC POWER DISSIPATION (PD) (uW) 


FREQUENCY (f) (kHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION CHARACTERISTICS 
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Applications interfacing with Various Displays 


vDD 
| VDD 
ese ee ee eee 
a A 
fas 
—BcD 2B Tr] LATCH : 
INPUTS } C 8 ‘ _ ISEG 
. p —-4 DECODER NIE: Wits oll; WAIT asthe ta hatahetahatahata eaten REDE 
: 
LE —; + b : 
a | 5 
a ae : 
as Q 
TovppD } be id soR : 
‘ VDD ‘<< y 
3 
. 
Lf : ‘ 
"  ¢¢ ) 
" : : N 
: we: 8 \ 
: \ ’ VDF : 
: : . . 
¢ CD4511BMS y ‘ 
RET nee POU ST 
> VSS LED 7-SEGMENT 
em DISPLAY = 
DUTY CYCLE = 100% | _ 
ISEG = IDIODEAVG. = 20mA AT LUMINOUS INTENSITY/SEGMENT = 250,.cd 
p_ VOH-VOF | | 
R= — 
_ ISEG 


FIGURE 9. DRIVING COMMON CATHODE 7-SEGMENT LED DISPLAYS (EXAMPLE HEWLET-PACKARD 5082-7740) 


VDD 


CD4511BMS 


R = 4000 


aa 
vob ace Beak 


A MEDIUM BRIGHTNESS INTENSITY DISPLAY CAN BE OBTAINED WITH 


LOW VOLTAGE FLUORESCENT DISPLAYS SUCH AS THE TUNG-SOL - 90F 7 SEGMENTS SHOWN CONNECTED 
te ; : ; 
GEE SG: SEES | | -_ RESISTORS R FROM VDD TO EACH 7-SEGMENT DRIVER OUTPUT ARE 
* Trademark Tung-Sol Division Wagner Electric Co. : CHOSEN TO KEEP ALL NUMITRON SEGMENTS SLIGHTLY ON AND WARM 


FIGURE 10. DRIVING LOW VOLTAGE FLOURESCENT DISPLAYS FIGURE 11: DRIVING INCANDESCENT DISPLAYS (RCA NU- 
EE is MITRON DR2000 SERIES DISPLAYS) 
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Applications. Interfacing with Various Displays (Continued) 


Q 


N \) 


MULTIPLEXING SCHEME SHOWING 5 


® \ 

= : N 

A) \ 

2 OF 7 SEGMENTS CONNECTED ma is a N ISEG N 

—_ = N N 

TRANSISTORS T1 - T4 (2N3053 OR 2N2102) Cy vd : N 

HAVE IC MAX. RATING > 7 x ISEG DOD 5 OS - . ; 
A) 

DUTY CYCLE = 25% LE a F N : 

N vi N N 

ISEG = (IDIODEAVG) x 4 VoD —F~\ v, RS : 

_ (VOH - VDF-VCE) BL Sssy ess) : 

Re ISEG | vss? 7G" : 

Y 

cori . 

3 = OY 


4 
4 
4 
4 
4 
4 


FIGURE 12. MULTIPLEXING WITH COMMON CATHODE 7-SEGMENT LED DISPLAYS (EXAMPLE HEWLET-PACKARD 5082-7404 
4 CHARACTER DISPLAY OR 4 DISCRETE MONOSANTO MAN 3 DISPLAYS) . 


Waveforms 
tr tf 
. voD 
DATA 
INPUT 
0 
—o 
FOR SETUP 
VDD voo-—————" cosceccsece 
UT OOD 
OUTPUT Saas ree 
0 STROBE 
90% 
tPHL cm 
tr, tf = 20ns 10% 


tr, tf = 20ns Ww 


FIGURE 13. DYNAMIC WAVEFORMS 


Chip Dimensions and Pad Layout 


20 40- + #260 80 100 118 
t 


Dimensions in parenthesis are in millimeters and are 
60 derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


(2.286-2.489) 

METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


. Le oct! 
(0.102-0.254) 
115-123 
921-3124 
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Brarris  CD4512BMS 


‘December 1992 ; . “o CMOS Dual 4-Bit Latch 
Features e 2 | Pinout 
¢ High-Voltage Types (20-Volt Rating) '  C©D4512BMS 
poe ,e 8 TOP VIEW 


¢ 3-State Outputs ee | 

° Standardized, Symmetrical Output Characteristics 
¢ 100% Tested for Quiescent Current at 20V 

e 5V, 10V, and 15V Parametric Ratings 


e Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and 25°C _. 
¢ Noise Margin (Full Package-Temperature Range): 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


¢ Meets all: Requirements of JEDEC Tentative Standard 
No. 13B, "Standard Specifications for Description of 


‘B’ Series CMOS Devices" __ Functional Diagram 
rae em | 3-STATE DISABLE 
Applications INHIBIT 
¢ Digital Multiplexing Do-1 
e¢ Number-sequence Generation . D1-2 
° Signal Gating | is 
ee iS bon 
Description D45 
= ci 
CD4512BMS is an 8-channel data selector featuring a three- 667 
State output that can interface directly with, and drive, data 
lines of bus-oriented systems. | ue 
A-11 
The CD4512BMS is. supplied-in these 16 lead outline SELECT one VDD = 16 
packages: CONTROL } 8-12 — VSS =8 
C-13 
Braze Seal DIP H4S anabionus 
Frit Seal DIP HIE : - « ¢ , 
Ceramic Flatpack H3X 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3340 


Copyright © Harris Corporation 1992 7-1180 


Specifications CD4512BMS 


Absolute Maximum Ratings - Reliability Information 

DC Supply Voltage Range, (VDD) ..... eee ae -0.5V to+20V Thermal Resistance ........... etoeeias Gia Oi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, Ali Inputs ......... >. ...°0.5V to VDD +0.5V Flatpack Package .......... news 7O°CIW 20°C /W 

DC Input Current, Any One Input. ............. 0. cee eee ..t10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..... E eieth den Sears -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H 6 For Ty = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C | a Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ...............5. +265°C _ Device Dissipation per Output Transistor ........ wees es 100MW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ..............-. eae wee eee $175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
Supply Current i VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND- |VDD=20 
VDD = 18V 


LIMITS 


TEMPERATURE 
425°C 
+125°C 
-55°C. 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Input Leakage Current 


Input Leakage Current 


Q 
oS _, 
N > 
2 
a S 
N oO 


Output Voltage VOL15 |VDD = 15V, No Load 


WL 
IH VIN = VDD or GND VDD = 20 
_ 
Vous 
125°C, +125°C, 65°C 
Output Curent (Souree)| IOHSA [VDD=Sv, VOUT=46v 
[Output Current (Source)| 10Hs8 [VOD = sv, VOUT=2.5V 
Output Current (Souree)| IOH10 [VDD = 10v, vOUT=95v 
[Output Curent (Source)| 1OH1S |VDD= tv, VOUT = 13.50 
P Threshold Volage 
Functional } 28° [vous [vor < 
voor | voor 
: 
a8 
ote 


2) 


© 
> 
So 


+25°C, +125°C, -55 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


Input Voltage High V VDD = 15V, VOH > 13.5V, 
(Note 2) . “e VOL<1.5V © 


| 
I 
Input Voltage High . Vi VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) ae oS 
| 
i 


+25°C, +125°C, -55°C 


L. 
H 
H 


BRBBEEL <<] <l<] 422 PPP RR IPE B IE 


] 10ZL |VIN=VDDorGND {VDD =20v 
VOUT =0V ra 425°C 
| | VDD = 18V 
IOZH |VIN=VDDorGND |VDD=20v 
, VOUT = VDD : +1 25°C 
[VDD = 18V_ 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. ; is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD4512BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 
VDD=5V,VIN=VDDorGND |. 9 | 425% | 
Inhibit to Output {| TPLH1 (Note 1, 2) 
Propagation Delay VDD=5V,VIN=VDDorGND | 9 | 425% | 
“A” Select to Output TPLH2 | (Note 1, 2) | 40,41 | +125°C, -55°C | 
ae ee 
2 


LIMITS 


378 


Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND 
Data to Output TPLH3 {| (Note 1, 2) 40, 14 +125°C. -55°C 
Propagation Delay | TPHZ |VDD=5vV, VIN=VDD or GND 

3-State Disable TPZH | (Note 2, 3) 


o;1o 


ae ee 12 
[10,1 128°C, -65°0 | r 
pete” | at [pana 8° | eae 
3-State Disable TPZL | (Note 2, 3) [10,11 | -+125°C, -55°C | 
8 
| 10,11 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TTLH | (Note 2, 3) 


+125°C, -55°C 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


Oo 


27 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Output Current (Sink) lOL5 | VDD =5V, VOUT = 0.4V +125°C | (0.36 | 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V 1,2 | 0.9 | 
Output Current (Sink) | IOL15 | VDD = 15V, VOUT = 1.5V 

Output Current (Source) OH5A | VDD = 5V, VOUT = 4.6V 


Output Current (Source) a VDD = 5V, VOUT = 2.5V 
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+125°C 
_ =55°C 

+125°C 
eC 


+125°C =| - | 
ee 
+125°C | aa 

aes 


-55°C 


ey ee ere a eee 

Supply Current VDD = 5V, VIN = VDD or GND | -55°C, 425°C | - | 

eocebed Tl oe ee 

VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - | 

ee ee 

VDD = 15V, VIN = VDD or GND | 55°C, 425°C | - | 

ee Pie nese WI wae sus acme 

| | -55°C 
nA Nl a I i 
. | | 55°C 


AAPA SBA hy 
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Specifications CD4512BMS 


LIMITS 


PARAMETER 
Output Current (Source) 


UNITS 


Output Current (Source) 


mo | 
>] © 


-4.2 


< 


-55°C 


< 
Oo 
O 


< 
Ss) 
oO 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
SYMBOL CONDITIONS TEMPERATURE 
. a 
IOH15 | VDD =15V, VOUT = 13.5V oe +125°C 
Input Voltage Low : V VDD = 10V, VOH > 9V, VOL < +25°C, +125°C, 
| 1V -55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < se +25°C, +125°C, | +7 
| 423° | + 
Propagation Delay TPHL2 | VDD = 10V | 1,23 | . 425°C 
“A” Select ot Output . TPLH2 
P 


1OH10 | VDD =10V, VOUT =9.5V . +125°C 
V 
Propagation Delay TPHL1 | VDD = 10V 
Inhibit to Output TPLH1 = 4 : 
T 


< < 
S) S) 
~) o 


IL 
H 
5V 
Propagation Delay TPHL3 | VDD = 10V | 4,23 | 425°C 
See oes TS [voo=15v 42,3 [425°C 
Propagation Delay TPHZ | VDD = 10V | 4,24 [425°C 
3-State Enable Zz =15V ol ae | 
15V 
H 
L 


2 

2 
Propagation Delay ‘TPLZ |VDD=10V — 
ideas ite = 


| NO 
1,2 
1,2,3 
H 
Input Capacitance. CIN Any Input a ae ae 


NOTES: 
1. All voltages referenced to device GND. 


1 
1 
1 


Transition Time TT 
TT 


70 
50 
40 
40 
00 
7.5 


< < 
oO O 
Oo Oo 


— 
—s_| 
— 
— 
— 
— 
— 
— 
3 
a 
C5 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | | LIMITS 
SYMBOL CONDITIONS = | NOTES |TEMPERATURE| MIN | 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10A 


N Threshold Voltage AVTN | VDD =10V, ISS =-10pA 1,4 +25°C +1 
Delta 


UNITS 


ec 


Vv 
Vv 


VOL < V 
VDD/2 


F VDD = 18V, VIN = VDD or GND +25°C VOH > 
VDD = 3V, VIN = VDD or GND vODNe 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SYMBOL | DELTALIT 
[Suppycurent-Msi2 [10D [=O 
(Output Current (Source) | IOHSA + 20% x Pre-Test Reading 


| TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 . 
CONFORMANCE GROUP -METHOD GROUP A SUBGROUPS READ AND RECORD 


TABLE 7. TOTAL DOSE IRRADIATION 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
MIL-STD-883 _ TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD ' PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


‘Static Burn-In 2 


Note 1 | 


_ 1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin'except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Logic Diagram 


c@ : >o a> 
2G >> 


a) | >o o, - ) 
pa] >e ae 
> 
> 


3-STATE 
INHIBIT DISABLE 


V 44 
1D; 
. 14 
\/ . SELECT 
» =) OUTPUT 
| PL 
vss 


FIGURE 1. LOGIC DIAGRAM 
TRUTH TABLE 


SELECT CONT. a ere 
pAteic DISABLE | OUTPUT 


* All inputs protected by CMOS protection network. 


D7 
4 D4 
| xX | High Z 


1 = HIGH LEVEL X = DONT CARE 
0 = LOW LEVEL 
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Typical Performance Characteristics 


a ce 
2 =a 
= 200 z 
= | Ps 
© eae ey a} 
wd 150 a S 
=z SS 
re) -~ | 
g 100 | | z 
” 
be: 2 5 
< 
oc 50 E 
% 20 40 60 80 100 0 5 10 — 15 ; 
LOAD CAPACITANCE (CL) (pF) DRAIN-TO-SOURCE VOLTAGE (VDS) uO) | 
FIGURE 2. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT | 


LOAD CAPACITANCE _» CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C fd 
od GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


— 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
_ AS 10 5s 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V F 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
P=) 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | | CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) A 3 10° -—— 
-15 -10 5. Oo, f—{— 
AMBIENT TEMPERATURE (Ta) = +25°C z Va 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V = ae frp — 
=~ ‘a 
| 5 8 y at 
& e 403 se i 
¢ <a 
3 2 102 ee 
Fc a 
= a 15pF mune 
e 10 
2 468 2 468 2 468 2 468 
10 10! 102 108 104 
: | INPUT FREQUENCY (fIN) (kHz) 
FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 
CHARACTERISTICS FUNCTION OF FREQUENCY 
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Typical Performance Characteristics (continued) 


o 


(tPHL, tPLH) - ns 


ah 


0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNCTION OF LOAD CAPACITANCE (“A” SELECT TO OUTPUT) 


Chip Dimensions and Pad Layouts 


a} 72-80 
1.829-2.032) 


es 4-10 | 
~ (0.102-0.254) 
| 75-83 
(1.905-2.108) 


Dimensions in parentheses are in milimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch.) 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD4514BMS 
Ss 
wo YS -CD4515BMS 


| CMOS 4-Bit 
December 1992 : | Latch/4-to-16 Line Decoders 
Features | — _ | Pinout | 
e High-Voltage Types (20-Volt Rating) | CD4514BMS, CD4515BMS 


TOP VIEW 


¢ CD4514BMS Output “High” on Select 

¢ CD4515BMS Output “Low” on Select 
Strobed Input Latch 

inhibit Control 

¢ 100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and 25°C 


¢ Noise Margin (Full Package-Temperature Range): 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


° 5V, 10V, and 15V Parametric Ratings 
¢ Standardized, Symmetrical Output Characteristics | 


¢ Meets all Requirements of JEDEC Tentative Standard Functi | Di 
No. 13B, “Standard Specifications for Description of unctional Diagram 
‘B’ Series CMOS Devices" - 


Applications ee ha Bchebe 
¢ Digital Multiplexing 

e Address Decoding 

¢ Hexadecimal/BCD Decoding 


¢ Program-counter Decoding | | | Sos aa $7 
¢ Control Decoder | 7 _ spite Y 8 


Description 


CD4514BMS and CD4515BMS consist of a 4-bit strobed 
latch and a 4-to-16-line decoder. The latches hold the last 
input data presented prior to the strobe transition from 1 to 0. 
Inhibit control allows all outputs to be placed at INHIBIT 3 
0(CD4514BMS) or 1(CD4515BMS) regardless of the state of 
the data or strobe inputs. 


STROBE 


| 


The decode truth table indicates all pibinations of data 
inputs and appropriate selected outputs. 


These devices are similar to industry types MC14514 and 
MC14515. 


_ The CD4514BMS and CD4515BMS are supplied in these 24 
lead outline packages: 
Braze Seal DIP H4V 
Frit Seal DIP H1Z 
Ceramic Flatpack H4P 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3195 
Copyright © Harris Corporation 1992 7-1188 


Specifications CD4514BMS, CD4515BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Ali Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input...................2062--¢10MA 

Operating Temperature Range..... Dy aan eala Gala -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............6.8- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


Input Leakage Current 


Output Current (Sink) IOL5 = VDD = 5V, VOUT = 0.4V 


Output Current (Source 
Output Current (Source 


Output Current (Source 


Threshold Voltage 


VIH 
VIL 


VDD = 15V, VOH > 13.5V, 


SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
- VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


NL VIN=VDDorGND {VDD =20 
VDD = 18V 

VIN=VDDorGND |VDD=20 
VDD = 18V 


VOH15 |VDD = 15V, No Load (Note 3) 


_!OHSA |VDD=SV,VOUT=46V 
_OHSB_|VDD=5V,VOUT=25V 
Output Current (Source | (OHIO [VDD=10V,VOUT=9.5V 
LIOH15 |VDD=15V,VOUT=135V_ | 


Functional | 7 
7 
8B 

Input Voltage Low - VDD = 5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

(Note 2) 

(Note 2) 

(Note 2) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VIH_ =| VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


Reliability Information 
Thermal Resistance .............06. Bia Gi. 
Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Flatpack Package ...............6. 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mw 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/C to 200mW 
Device Dissipation per Output Transistor ...... ROAR Na 100mW 
For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature ....... cece cece cece eee eeee oe F175°C 
GROUP A 


TEMPERATURE 


_MIN_| MAX |UNITS 


+125°C 
-55°C 


no 
o 
(2) 
2) 
+ 
—_, 
nm 
8 
2) 


, 55°C 


+25°C, +125°C, -55° 


2) 


Q 


+25°C, +125°C, -55% 


©) 


a ee ee 
se ee 
es ee ee ee 
ee ee ee 
pte 1000 | - | n_ 
pst 10 | - on 
ee ee ee 
Ee ee ee 
ee ee 
| 12,3 |425°C, +125°C, 55°C] - | 50 | mv _| 
| 12,3 [+25°C, +125°C, 55°C] 14.95] - | V_ | 
ee ee 0 ee 
ee ee ee 
a ee 
es ee ee de 
ee ee 
es ee ee 
a ee ee ee 
ee eee ee 
es ee 
7B FVOH> | VOL<| Vv 
FR a eS re (eta 
ee 
ee a 

fae 
Racal 
(anil 
feaed 


+25°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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Specifications CD4514BMS, CD4515BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE data incda deca 


Limits | 
GROUP A 7 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2)_| SUBGROUPS | TEMPERATURE ars UNITS 


Strobe or Data TPLH1 | 


ei are, cE 
Propagation Daley | TPHL2 [VDD=5V,VIN=VDDorGND {| 9 | 725°C | 500 | 
ase _ 10,11 | 2680, aC 
Transition Time VDD=5V,VIN=VDDorGND | 9 | 25°C 
NOTES: | 


1. CL = 5OpF, RL = 200K, Input TR, TF <20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


‘TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER | SYMBOL CON DITIONS: NOTES 


LIMITS 
Ee 
Supply Current VDD = 5V, VIN = VDD or GND | 55°C, 425°C | - | 5 | pA | 
yaw ie ee 
"| VDD = 10V, VIN = VDD or GND | 65°C, 425°C | - | 10 | pA | 
es ee ee 
VDD = 15V, VIN = VDD or GND | 65°C, 425°C | - | 10 | pA | 
hese MIE rec cee ee 
in Te SW al i il 
-55°C 
secaneraeliiel aad ic | aed ee 
| -55°C | 
a ee eee 
-55°C : 
see Bel iA Ml 
-55°C oo 
aS ae 
eo 
NS ee ce 
ee ee ee 
| ttasc | 24 | | ml 
RCS oo ee on oe 
OM RE Pe 
ee ee 
ee ee ee 
ae eee ce 
ee = meee 
ee ee ee 
ad ee ee 
ee ee ee 
cc Ra 
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_ Specifications CD4514BMS, CD4515BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER SYMBOL , ie NOTES |TEMPERATURE| MIN | MAX | UNITS 


-55°C 
2 


4 


| 1423 | + 
Propagation Delay TPHL2 [VDD =10V | eto | 

Inhibit TPLH2 [vpp = 15V | 14,23 | 425°C 
Transition Time TTHL |VDD =10V | 4,23 | 425°C | 


E 


7 
7 
7 
5 


150 


Minimum Data Setup TS 
TW 
NOTES: 


_ 1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Minimum Strobe Pulse 
Width 


70 
40 
75 
pF 


NJ 
oi 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


' : LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE 


N Threshold Voltage VNTH | VDD = 10V, ISS = -10HA 


Delta 


P Threshold Voltage VSS = OV, IDD = 10nA 


| 4 
se ial SIS Mil 
Delta 
Functional F +25°C VOH> | VOL < 
a ee ec A cd ka 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, AL = 200K, Input TR, TF <20ns. 4. Read and Record 
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Specifications CD4514BMS, CD4515BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-wst2 [00 (sta 
[oun curent Source) | 10H6A [2 20%xPre-Tost Reading 


. TABLE 6. APPLICABLE SUBGROUPS . 


MIL-STD-883 | | 
CONFORMANCE GROUP - METHOD GROUP A SUBGROUPS READ AND RECORD 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


wai ora-ea TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD : PRE-IRRAD © POST-IRRAD j{ PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 1 4-11, 13-20 24 
(Note 1) 
Static Burn-In 2 4-11, 13-20 1-3, 21-24 
(Note 1) 
Dynamic Burn- 2, 3, 12 21, 22, 24 4-11, 13-20 
In (Note 1) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0.failures, VDD 
= 10V+0.5V 
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CD4514BMS, CD4515BMS 


Logic Diagram 


VDD (a aI >—S0 = (11) SO 
, Ed Nine > >. = (9) St 
er Wa P—Tsc —=="@ sz 
VSS as =; dI>—Se RBC Ges 
ABCD 
DATA 1 3) ° | + pd>—po —— {7) $4 
7 q ABCD 
t =; q>—1>0 (6) Ss 
. — p-d>—ho ABCD G) ss 
DATA 2 (3)}—1 Sc i] ae 
an =: aI >—Ddo ae (4) 7 
>>> ——-@ = 
sae a gs =B: d>—So ABCO A 4, 
Le | ba te : 
d a» ll =; qd >—>0 ABS? 5) sto 
DATA 4 3 pT ee = pd > ABCD cee 
; rae ml | ABCD 
STROBE (1)—] >0 nee AS q>—1>0 ean 
. im d>—(do G3) 813 
ca ee Lo 222 @ a 
i »-d>—-bo ABS? G9 515 
—— 


* Allinputs protected by CMOS protection network. THESE INVENTERS USED ONLY ON CD4515BMS 


FIGURE 1. LOGIC DIAGRAM 


TRUTH TABLE 


DECODER INPUTS 
INHIBIT 
0 


SELECTED OUTPUT 
CD4514BMS = LOGIC 1 (HIGH) 
CD4515BMS = LOGIC 0 (LOW) 


S9 
$10 
S11 
$12 
$13 
$14 
$15 


X X | All Outputs = 0, CD4514BMS 
All Outputs = 1,CD4515BMS 


1 = HIGH LEVEL O=LOWLEVEL X=DON'T CARE 


foepepeesp es 
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CD4514BMS, CD4515BMS 


Typical Performance Characteristics 


é — é 
3 | 3 
= — 
EB 5 
cr te 
= « 
3 B 
S 4 
z. P< 
co HB 
z g 
5 

= 

3 

0 10 15 | ; 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS _ CHARACTERISTICS 
_DRAIN-TO-SOURCE VOLTAGE (VDS) (V) : DRAIN-TO-SOURCE VOLTAGE (VDS)(V) 
a 0 . ss 
0 


gs & 8 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT _ FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 


550 


; 
= 3 
<= 

& 500 . 5 

<z S| 
<< W 
c= Fe 
OF 350 > 
Lu >= Ss 
m4 300 re 
uw oO 
fo 3 
> 250 F 5 
Q E 
E 200 < 
g g 
150 : 
© 100 - 
50 a 2 
= 

” LOAD CAPACITANCE | (CL) oh 7 ” Loa CAPACITANCE “ct) (PF) 
FIGURE 6. TYPICAL STROBE OR DATA PROPAGATION _ FIGURE 7. TYPICAL INHIBIT PROPAGATION DELAY TIME vs 


DELAY TIME vs LOAD CAPACITANCE _ LOAD CAPACITANCE 
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CD4514BMS, CD4515BMS 


Typical Performance Characteristics (continued) 


"AMBIENT TEMPERATURE (Tq) = +25°C 
LOAD CAPACITANCE (CL) = 50pF 


(su - (JHd} ‘H1d)) SWELL AV1S0 NOLLVDVWdOud 
V1VG YO SS8OHLS 


oO 
KS 
+ 
uN 
S 
ul 
e 
rs 
a. 
= 
bu 
= 
FA 
wT 
[es] 
2 


(su) (HU “TH.U) SWIL NOLLISNVELL 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 9. TYPICAL STROBE OR DATA PROPAGATION 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL LOW-TO-HIGH TRANSITION TIME vs 


DELAY TIME vs SUPPLY VOLTAGE 


LOAD CAPACITANCE 


104 


Tw ee 
hVAVh Sittin 


A Ul 


HNN TIT TT 
HNN LTTE 


STANCE 


TINCENUIECICL 


10! 


Md - (Gd) NOLLVdISSI0 YAMOd 


FREQUENCY (f) a 
10. TYPICAL POWER DISSIPATION vs FREQUENCY 


; S JIDO71 | 


Waveforms 


a 
c 
[=] 
N 
it 
= 
f ead 
- 


DATA 


ceeoereeezreevevreee 


50% 


tW 


STROBE 


FIGURE 11. WAVEFORMS FOR SETUP TIME AND STROBE 


PULSE WIDTH 
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CD4514BMS, CD4515BMS 
Chip Dimensions and Pad Layouts 


0 10 30 40 50 


60 70 $0 90 100 149) "1? 


74 : : : 7 1 

me ih ema 

mel hd th ae 
Fe (1.804-2.006) 


Dimensions in parentheses are in milimeters and are 
derived from the basic inch dimensions as indicated. 
_ Grid graduations are in mils (10° inch.). : 


-METALLIZATION: Thickness: 11kA -14kA, AL. - 
PASSIVATION: 10.4kA- 15.6kA, Silane | 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-1196 


a ener CD4517BMS 


CMOS Dual 64-Stage 


December 1992 Static Shift Register 


Features Description 
¢ High-Voltage Types (20-Volt Rating) CD4517BMS_ dual 64-stage static shift 
| = register consists of two independent registers 
e Low Quiescent Current - 10nA/pkg (Typ.) at VDD = 5V each having a clock, data, and write enable 
e Clock Frequency 12MHz (Typ.) at VDD = 10V input and outputs accessible at taps following 
the 16th, 32rd, 48th, and 64th stages. These 


¢ Schmitt Trigger Clock Inputs Allow Operation with Very Slow Clock taps also serve as input points allowing data 


Rise and Fall Times to be inputted at the 17th, 33rd, and 49th 

e Capable of Driving Two Low-power TTL Loads, One Low-power stages when the write enable input is a logic 

Schottky TTL Load, or Two HTL Loads 1 and the clock goes. through a low-to-high 

; transition. The truth table indicates how the 

¢ 3-State Outputs clock and write enable inputs control the 

¢ 100% Tested for.Qulescent Current at 20V opeation of the CD4517BMS. Inputs at the 

intermediate taps allow entry of 64 bits into 

e Standardized, Symmetrical Output Characteristics the register with 16 clock pulses. The 3-state 

° 5V, 10V, and 15V Parametric Ratings outputs permit connection of this device to an 
external bus. 


Meets all Requirements of JEDEC Tentative Standard No. 13B, : i 
"Standard Specifications for Description of ‘B’ Serles CMOS he CD4517BMS is supplied in these 16 lead 


Devices" outline packages: | 
ey Braze Seal DIP H4X 
Applications Frit Seal DIP HiF 
¢ Time-delay Circuits Ceramic Flatpack H6P 


e Scratch-pad Memories 


 General-purpose Serial Shift-register Applications 


LOGIC 


Pinout Functional Diagram 


CD4517BMS CL 
TOP VIEW 7 


16 STAGES 


e 
° O27 FFF 
° 


A ° 
WE fowssebasy OOO ur WE BONN ao eens aoe es 
| OA 
STAGE 16 STAGE32 - STAGE 48 : STAGE 64 
OUT/N TAP OUT/IN TAP : OUTAN TAP OUT/IN TAP 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3341 


Copyright © Harris Corporation 1992 
id ia 7-1197 


Specifications CD4517BMS 


Absolute Maximum Ratings Reliability Information 


‘DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance .............66- Gia 85. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............5. 70°C/W 20°C/W 

DC Input Current, Any One Input.............. ce cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............6. -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW > 
Package Types D, F, K, H For Ty = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ...............6. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum — Junction Temperature .......... cc cece cece reece cees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) TEMPERATURE 


VDD = 20V, VIN = VDD or GND 


” 
Cc 
w 
G) 
=) 
oO 
Cc 
Uv 
” 
= 
” 


eS 
| | MIN | MAX [UNITS 
Supply Current | es 
WOD=18V,viN=voDorGND [3 | ssc —+4Y - | 10 | ua 
Input Leakage Current lil |VIN=VDDorGND |vpD=20 | 1 | = 425°C =| -100] - | nA | 
— ao ae ae Dane ee 
| vop=18v{/ 3 | SCC 100 | - |_| 
Input Leakage Current. tH |VIN=VDDorGND {voD=20 | 1 | +#25°C | -- | 100 | na | 
_|vop=tavj 3] PCT - 100 | nA 
| VOLIS [VDD=15V,NoLoad Ss | 1,23 | 425°C, +125°C, 55°C] - | 50_| mv | 
| VOH15 |VDD=15V,NoLoad(Note3) {| 1,23 {+25°C, +125°C, -55°C| 1495 | - [| OV 
urent Sink) | _10l8 [voD=ev,vouT-o4v | 1 {| ste if osa | - | ma 
VDD = 10V, VOUT = 0.5V ee 
Output Current (Sink) | 10L15 |VDD=15v,vouT=15V | St | PCS || ma 
Output Current (Source)| IOHSA_|VDD=5V,vOUT=46v_ | tT 25°C |= 0.53 | mA 
Output Current (Source)| IOHSB_|VDD=5v,vouT=25V | tT CT 18 | mA 
lOuputCurent(Soures)| 1oH10 [voD=tov,vouT-eav | 1 | +asc | - | 44 | ma_ 
VDD = 15V, VOUT = 13.5V a ee 
IN Threshold Vollage | NTH |VOD=10v,1ss=1qa_ [1 | wae —=«dt 2a | -o7 | Vv 
VPTH |VSS=O0V,IDD=1mA | TPC] 7 | 28 | 
Functional F _|voD=2av, VIN=vDDorGnD | 7 | v2 |VOH> |voL<|_V 
rice) Racin 
Input Voltage Low VIL +25°C, +125°C, -55°C 
(Note 2) . ’ 
Input Voltage High VIH +25°C, +125°C, -55°C 
(Note 2) . 
Input Voltage Low VIL VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V 


425°C, +125°C, -55° 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


VIN=VDDorGND |vDbD=20v{ 1s +25°C 


VOUT = OV +125°C 

-55°C 
+25°C 
+125°C 


VIN = VDD or GND 
VOUT = VDD 


©) 
> 


BEE] <1 «| + < 


al 
QO 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD4517BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


[mnaueen lento, | comers nn | since [arene ane Pw 
PARAMETER SYMBOL | CONDITIONS (Note 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 
Clock to 16 TPLH | 40,41 | +125°C, -55°C 

Transition Time TTHL ]VDD=5V,VIN=VDDorGND | 9 | 425°C 
peequency +125°C, -55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN=VDD orGND | -55°C, +25°C_ | 


LIMITS 


UNITS 


Ss 
on 
Clo 


+125°C 
-55°C, +25°C 
_+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


VOL 
VOH +25°C, +125°C, | 4.95 
OH 


Output Voltage 


hace VDD = 5V, No Load 


Output Voltage 


Output Voltage 


VDD = 5V, No Load 
-55°C 
V VDD = 10V, No Load +25°C, +125°C, 
55°C 


Output Voltage 


; = -55°C, +25°C 
VDD = 15V, VIN = VDD or GND 


Output Current (Sink) IOLS =| VDD =5V, VOUT =0.4V +125°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V +125°C 
Output Current (Sink) VDD = 15V, VOUT = 1.5V 

Output Current (Source) 
| 


1.6 
2.4 
-55°C 4.2 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


-0.36 mA 


3 
> 


+125°C 
Output Current (Source) OH5B_ [| VDD = 5V, VOUT = 2.5V 


3 
> 


1,2 
1,2 
1,2 
1,2 
1,2 
| 2 


>| > 


mA 
mA 


Output Current (Source) | IOH15 | VDD =15V, VOUT = 13.5V | 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V oe 


Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 
L ; 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


+7 


a) = 
ho] > 
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’ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


-| Propagation Delay TPHL +25°C 
| Propagation Delay TPHZ, ZH | VDD = 5V 2,5 +25°C 


3-State WE to Q16 © TPLZ, ZL 


+25°C 
+25°C 
+25°C 
+25°C | 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
—+25°C 
+25°C 
+25°C 


VDD = 10V 


VDD = 15V 
TTHL: | VDD =10V 

mu 

Ss es 

H 

R 

S) 


ah, 


Transition Time 


= 


Hz 
Hz 


= 


VDD 

VDD 
Frequency VDD = 15V 

VDD 


Minimum Data to Clock 
Setup Time 


VDD = 15V 


F 
T 
T 


VDD = 10V 


Minimum Data to Clock VDD = 5V 
Hold Time VDD.= 10V 
VDD = 15V 


Minimum Clock Pulse 
Width 


—_— 
foe) 
o 


TW VDD = 5V 
VDD = 10V 
VDD = 15V 


om 


Minimum Write Enable - 
to-Clock Release Time 


[voo=wv 
[voo=iev 


VDD = 15V 
Input Capacitance Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. Measured at the point of 10% change in output with an output load 50pF, RL = 1KQ to VDD for TPZL and TPLZ and RL = 1KQ to VSS 
for TPZH and TPHZ 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


a 
© 


° on 


T 
T 


Write Enable-to-Clock 
Setup Time 


Maximum Clock Input 
Rise and Fall Time 


N 


.-TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 


_ VNTH_ | VDD = 10V, ISS = -10pA 
AVTN }VDD = 10V, ISS = -10HA 


P Threshold Voltage VSS = OV, IDD = 10yA 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL eas NOTES |TEMPERATURE| MIN | 
P Threshold Voltage AVTP. | VSS =OV, IDD = 10pA 1,4 +25°C +1 
Delta 
Functional VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < Vv 
VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 
Propagation Delay Time TPHL |VDD=5V +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SYMBOL 
[Supply Gurent-MSI2 «| 1D «EOWA 
IOHSA —_ | + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


[Poa wowt) | r00%soor_ | —ia7..bems SCS 
100% 5004 17.9 
7 ee a 
Fate | 100%so00 | senses |S 
de a a CT DINNER 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
FUNCTION OVt-05V | SOkHz = | —25kHz 
Static Burn-In 1 | 1,2, 5,6, 10, 11, | 3, 4, 7-9, 12, 13 
(Note 1) 14, 15 
Static Burn-In2 | 1, 2, 5, 6, 10, 11, 3, 4, 7, 9, 12, 13, 
(Note 1) 14, 15 16 


Dynamic Burn- 1,2, 5, 6, 10, 11, 4,12 7,9 
In (Note 1) 14, 15 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) © 


a | OSCILLATOR 
[_FuNcTION | OPEN _vop _sve-osv | S0kHz | 25kHz 
Irradiation 1,2, 5, 6, 10, 11, 3, 4, 7, 9, 12, 13, 
(Note 2). 14, 15 16 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


NOTES: | 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 


Logic Diagram 


adtso-d>lsel__- 


O SAME AS 
STAGES 1Q32* 


VSS _ vss 
* All inputs protected by CMOS protection network, 9 932" 


FIGURE 1. LOGIC BLOCK DIAGRAM 
TRUTH TABLE | 


1 = HIGH LEVEL +» X= DON'T CARE 
0 = LOW LEVEL _ Z= HIGH IMPEDANCE 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) =+25°C 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


AMBIENT TEMPERATURE (Ta) = +25°C ae 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


30 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
ised 
(=) 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 
r=) 
So 


15 7.5 
10 5.0 
5 2.5 
0 5 10 15 0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL N-CHANNEL OUTPUT LOW (SINK) FIGURE 3. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS CURRENT CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


© 
O 
fe) 
ond 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 
OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) FIGURE 5. MINIMUM P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS . CURRENT CHARACTERISTICS 


a 

! 
* : Pet fF 
Pe = 2 

250 a 

rm E 200 

= I 

=200 E 

= S SUPPLY VOLTAGE (VDD) = 5V 1 
> wi 150 

$450 = 

Ww ; 

= 5 100 

5! 00 E 

3 E 

G 

fe) 

ec 

a 9 

0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 

FIGURE 6. TYPICAL PROPAGATION DELAY TIME ASA FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 


FUNCTION OF LOAD CAPACITANCE | LOAD CAPACITANCE © 
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Typical Performance Characteristics (continued) 


10° (AMBIENT TEMPERATURE —}—L4}}—}—_ 
3 (Ta) = 425°C Pe? oa 
3 Aa 
> 2 [SUPPLY VOLTAGE 
= 104 (VDD) = 18V Att tt tt 
e i a a ca” 2 | 
: 4 > A 
= 109 Ae 
g 
4 
2 107 


i 2 on a Tl 
. emert 
2 CL w 15pF sss | 
10 
; , 03 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


Waveforms and Test Circuits 


PRMPAPRBEBBADPAAADAABAAB#A 


PPMPM@PMPBZPA*MPSPAPAAMADFESASA DAFA ADASFSABZFAPAPFGAHABDAASGBSPHESSAABAGDALOS PRAIA APBFPAAESAaAPALS 


CPM BPP MPP BFPPIDPPM@PSAPPMDBABDAAPAPBPABAABDAAAPBDAAAAAADSAAPAASBAASA“DA®D® 


fo | —\—— _voo 
ea a Oe Ed 

— vDD 
ese Nba ey 


REPETITIVE WAVEFORM 


D 
(f = 1/2 fo) 


FIGURE 10. DYNAMIC POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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Chip Dimensions and Pad Layouts 


0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 143 
| | | | | | 1 


Ones i 
Fe (0. 102-0254) an 
140-148 
(3.556-3.759) 


Dimensions in parentheses are in milimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch.) 


METALLIZATION: Thickness: 11kA- 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 

DIE THICKNESS: 0.0198 inches -0.0218 inches _ 


Oo 
Oo 
Oo 
= 
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_ CD4518BMS 
GD EMTS CD4520BMS 


December 1992 : a _- CMOS Dual Up Counters 
Features -_ | Pinout | 
e High Voltage Types (20V Rating) 7 7 . | CD4518BMS, CD4520BMS 


TOP VIEW 


CD4518BMS Dual BCD Up Counter — 
CD4520BMS Dual Binary Up Counter | co. 
° Medium Speed Operation Vig ae | | cLock a [7 6] VoD 

- 6MHz Typical Clock Frequency at 10V. _ _ ENABLE A [2| h5] RESET B 


e Positive or Negative Edge Triggering ~~ ata 3] 14] Q4B 

¢ Synchronous Internal Carry Propagation — | : | 2A 14] 13] Q3B 

¢ 100% Tested for Quiescent Current at 20V oo Q3a [5 | 12] Q2B 

e 5V, 10V and 15V Parametric Ratings | | | : 4A 16 | 41} QiB 

e Maximum Input Current of 1A at 18V Over Full Pack- |  RESETA ENABLE B 
age Temperature Range; 100nA at 18V and +25°C vss [a] 9] cLock B 

e Noise Margin (Over Full paceeon) emperature Range) | 
- 1Vat VDD =5V 


- 2Vat VDD = 10V 
- 2.5V at VDD = 15V | 
Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard : . 
No. 13B, “Standard Specifications for Description of Functional Diagram 
‘B’ Series CMOS Devices” Pde cs 


Applications 


¢ Multistage Synchronous Counting | CLOCK A aa 
1 


¢ Multistage Ripple Counting 
e Frequency Dividers 


Q2A 
ENABLE . 


Q3A 
Description 


CD4518BMS Dual BCD Up Counter and CD4520BMS Dual 
Binary Up Counter each consist of two identical, internally 
synchronous 4-stage counters. The counter stages are 
D-type flip-flops having interchangeable CLOCK and 


Q4A 


RESETA 
7 


ENABLE lines for incrementing on either the positive-going CLOCK B ae 
or negative-going transition. For single unit operation the 9 Q2B 
ENABLE input is maintained high and the counter advances EMEC 


on each positive-going transition of the CLOCK. The 
counters are cleared by high levels on their RESET lines. 


Q3B 


Q4B 
The counter can be cascaded in the ripple mode by connect- 


ing Q4 to the enable input of the subsequent counter while 
the CLOCK input of the latter is held low. 


The CD4518BMS and CD4520BMS are supplied in these 


RESET B 
15 


16-lead outline packages: bal 
Braze Seal DIP H4S 
Frit Seal DIP H1F 
Ceramic Flatpack *H6P tH6EW 
*CD4518B Only tCD4520B Only 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3342 


Copyright © Harris Corporation 1992 7-1206 


Specifications CD4518BMS, CD4520BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current; Any One Input............. cc ee eee eee +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D,F,K,H: - | 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature:(During Soldering) ..............6.- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information 


Thermal Resistance ...........-206- Ba 8, 
Ceramic DIP and FRIT Package..... 80°C 20°C/W 
Flatpack Package .............06. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature .. 0... ccc cc eee cee e ences +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current 


< 
Ss) 
7) 


VIN = VDD or GND 


Input Leakage Current 


VIN = VDD or GND 
| VOLS | 
| VOHIS 


Input Leakage Current 


VOL15 |VDD = 15V, No Load 
VOH15 |VDD = 15V, No Load (Note 3) 


VDD = 5V, VOUT = 0.4V 
VDD = 10V, VOUT = 0.5V 
VDD = 15V, VOUT = 1.5V 
° VDD = 5V, VOUT = 4.6V 
e VDD = 5V, VOUT = 2.5V 


Output Voltage 
Output Voltage 
Output Current (Sink) 
Output Current (Sink) 
Output Current (Sink) 


O|O 
Cc yjC 
ase | -—- 
some me) 
cic 
eo | -- 
QO};O 
cre 
Ss [5 
a ia 
@® i @® 
ae 
=~ | = 
iors 
Min 
om me) 
Sis 
Qo 19O 
en i al 


< 
Lo) 
Oo 


e)| IOH10 |VDD = 10V, VOUT = 9.5V 
VDD = 15V, VOUT = 13.5V © 
VDD = 10V, ISS = -10nA 
VSS = OV, IDD = 10pA 


O;O 
Cc Cc 
as | 
noms me) 
Cc Cc 
a | -- 
QO;O 
Cc Cc 
3 = 
om a 
i¢2) ® 
J pe) 
— 
om iC. 
NIN 
(2) So 
els 
(?) © 


e 


— 


P Threshold Voltage 


Functional 


= ) rad 
a . = 
5 & 
as 3. 
© < 
5 ro) 
= i 

(vo) 

@ 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS; TEMPERATURE 


VDD = 20V, VIN = VDD or GND 


= 18V, VIN = VDD or GND 


VDD = 20 


VDD = 20 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 


F 
VDD = 18V, VIN=VDDorGND_. 


VDD = 3V, VIN = VDD or GND 


_ VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 
Input Voltage High . VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) ; | 
Input Voltage Low . VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 
Input Voltage High VIH_ = {VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


| MIN. | MAX [UNITS 
Ce ee 
ee 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
5°C, +125°C, -55° 
5°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C | 
-55°C | 
+25°C, +125°C, -55°C 


> 


t 
ro) = —_ 
: : oO 

a ro) 


i 
2) 


14. 


© 


—_ 
oO 


‘ 
_ 
> 


Oo] |; 
=] 


VOH>{ VOL < 
VDD/2 | VDD/2 


ne 
| oO 


fe) 
> 


1,2,3 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55°C 


i?) 


+25°C, +125°C, -55° 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A . 
PARAMETER. _|SYMBOL] CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 . | +25°C 
Clock to Output TPLHt T4011 | +125°C, 55°C 
[Propagation Delay TPHL2 |VDD=5V,VIN=VDDorGND | 9 | 425°C 
pes ou | 10,11 | +125°C, -55°C 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425°C 
(Note 2) TTLH 7 10, 11 +125°C, -55°C 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | — +25°C 
Frequency 10, 11 +125°C, -55°C 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


LIMITS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| PARAMETER SYMBOL CONDITIONS NOTES 
Supply Current _ 1VDD =5vV, VIN = VDD or GND es 
* [VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 
im VDD = 5V, No Load 1,2 


LIMITS 


UNITS 


= 
jo) 
= 


< 


3 
< 


4.95 


VDD = 10V, No Load 


3 
> 


33 
> 


2.4 
4.2 


= 
>| > 


mA 
m 


> 


Output Current (Source) JOH5B: (| VDD = 5V, VOUT = 2.5V 
Output Current (Source) 1OH10 | VDD =10V, VOUT = 9.5V 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 1,2 
Input Voltage Low VDD = 10V, VOH > QV, VOL < 1V 1,2 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 1,2 


“2. 
A 


3 


+7 


e 8 
: +10 
BS . e 


re) 
& 
° 
< 
0 
Oo 
r 

S) 
= 
< 
O 
Cc 
— 
i 

© 
on 
< 
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Specifications CD4518BMS, CD4520BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER '| SYMBOL CONDITIONS NOTES TEMPERATURE 


Propagation Delay TPHL1 | VDD =10V | 4,23 | 425°C 
Propagation Delay TPHL2 | VDD=10V | 4,23 | 425°C 
2 
12,3 


LIMITS 


UNITS 


2 


OC 
O 
als : B 
oe) 
oO 


< 
O 
O 


_ 
N 
© 


Transition Time TTHL [VDD =10V | 86423 | 425% | 
TH [yop =t6v 12,3 


7 | 123 | | ns | 
Maximum Clock Input VDD = 10V 
F 
N 


F 


— 


Frequency VDD = 15V 


4 
Tis 


12,84 


Maximum Clock Rise and 
Fall Time 


GG 


Minimum Enable Pulse 
Width 


F 

TACL |VDD=5V 

TFCL [yop = 10v 1,2,3,4 
VOD = 18V 1,2,3,4 


=a 
PSS 
© 


Minimum Reset Pulse 


2 
10 
Width { 


5 
0 
0 


VDD = 10V 


2 
[12,9 | 28 
vOD=5V [12,8 | aso 


VDD = 15V 


Minimum Clock Pulse TW 


Width 


1 
70 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


: 4. If more than one unit is cascaded, TRCL should be made !ess than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
__ PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | MAX | UNITS | 


[10> [vod=a0v, vN=vopeenD[ 14 | wero] - | 2 | ma 
N Threshold Voltage VNTH [VDD = 10V, ISS = -10nA | 644 of e5ec | 28 | 02 | 


Delta 


P Threshold Votage | VIP _[VES=0V, IDD = 10uA 


V 
ci inti Wc WR Sl al 
Delta 
Functional F +25°C VOH > | VOL < V 
pew | Reeswrmmewooom) || fone [Yona |S 
TPLH 


« NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K; Input TR, TF < 20ns. 4. Read and Record 
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Specifications CD4518BMS, CD4520BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C | 


[—Panawerer [ svwso. [ DaTALMT 
Sippy owrent-MS2 [00 [eA 
OupaCurent (nn) | 118 [20% xPreTastReaang 
[Oupa Curent Souca) | _1OHGA_[s20%xPreTestReadng 


TABLE 6. APPLICABLE SUBGROUPS 


_ MIL-STD-883 
CONFORMANCE GROUP METHOD _ GROUP A SUBGROUPS ‘READ AND RECORD 


a 
poawewn | woomsooe | vote | 
Ca 
Sowa Serpesms | narennorom 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 po TEST READ AND. RECORD 
CONFORMANCE GROUPS METHOD a ee POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


oe oe 
FUNCTION  9V+t-0.5V 
Static Burn-in 1 1, 2, 7-10, 15 
Note 1 = . 
Static Burn-In 2 1,2, 7, 9, 10, 
Note 1 15, 16 
Irradiation 3-6, 11-14 1,2,7,9, 10, 
Note 2 15, 16 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Logic Diagrams 


Q1 Q2 Q3 Q4 

> 3/11 p 4/412 o 513 > 6/14 
A /\ A A 
/\ 


vss 
* ALL INPUTS ARE PROTECTED ° D 
BY CMOS PROTECTION . aC 
NETWORK i R 
x 
RESET c¢ : . 
[> TT = : 
: an @ 
ENABLE ¢ ‘ ry y 
20 ae ea 


cd 
CLOCK &—< > 


FIGURE 1. DECADE COUNTER (CD4518BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS 


Qi Q2 Q3 Q4 
P 3/11 P 4/12 PSH3 > 6/14 
A NN IN IN 


VDD 
* ALLINPUTS ARE PROTECTED 


™ 4 44 4 4 
SS ee 


® 
RESET ¢ 
mb 


© 
© 
re) 
— 


“i D g la ts - 


FIGURE 2. BINARY COUNTER (CD4520BMS) LOGIC DIAGRAM FOR ONE OF TWO IDENTICAL COUNTERS 


TRUTH TABLE 


[_cuock | ENABLE | Reser | ACTION 
Pp YT tt | Increment Counter _| 
Pe ieee ee ee Increment Counter 

ee 
[x Fo —([ No crangs 
[Fed —* No change 
pt NN NoChange 
a a 
X=Don'tCare 1=HighState 0O=Low State 


\eiclels 
cee 
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CD4518BMS, CD4520BMS 


Typical Performance Curves 


AMBIENT TEMPERATURE (Ta) = +25°C : a 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) ” 
_-15 -10 $ 0, -15 -10 0, 

AMBIENT TEMPERATURE (Ta) = +25°C q AMBIENT TEMPERATURE (Ta) = +25°C 4 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V = GATE- TO-SOURCE VOLTAGE (VGS) = 5V = 
g 3 
- E 
te te 
x rea 
3 3 
: : 
g g 
<= <x 
q e 
3 3 

FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT - FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


10 20 30 40 50 60 70 99 90 100 40 20 30 40 50 60 70 80 90 100 110 
LOAD CAPACITANCE (CL) (pF) ot ae eae | LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY vs LOAD CAPAC- FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD 
ITANCE, CLOCK OR ENABLE TO OUTPUT __ . _. CAPACITANCE, RESET TO OUTPUT 
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CD4518BMS, CD4520BMS 


Typical Performance Curves 


AMBIENT TEMPERATURE (Tg) = ascf 


AMBIENT TEMPERATURE (Ta) = +25°C 
15 LOAD CAPACITANCE (CL) = SOPF 


TRANSITION TIME (tTHL, tTLH) (ns) 


MAXIMUM CLOCK FREQUENCY (fCL MAX) (MHz) 


20 


0 5 10 
LOAD CAPACITANCE (CL) (pF) SUPPLY VOLTAGE a (Vv) 
FIGURE 9. TYPICAL TRANSITION TIME vs LOAD CAPACITANCE FIGURE 10. TYPICAL MAXIMUM CLOCK FREQUENCY vs 
SUPPLY VOLTAGE 
= 10! 3 Suan Inna Gt it en eee Ge Ge Eee ee 4a, «minwer 
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ui 10° 
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be fn a 
> s$CCOrt 
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FREQUENCY - a 
FIGURE 11. TYPICAL POWER DISSIPATION CHARACTERISTICS 


Timing Diagrams 
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FIGURE 12. TIMING DIAGRAMS FOR CD4518BMS AND CD4520BMS 
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CD4518BMS, CD4520BMS 
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CLOCK ENABLE RESET 
B B B. 


CLOCK ENABLE RESET 
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CLOCK ENABLE RESET 


CLOCK ENABLE RESET 
A B B B 


A A 


QIA Q2A Q3A Q4A QiB Q2B Q3B Q4B QiA Q2A Q3A Q4A QiB Q2B Q3B Q4B 


FOBT BOP eTZ@aeTwZatatartwaewarar@s. 
SRP PBAeBDODAAAAP®EPETACPDAOED 


bewssessuesraazaaszeZeaen2en 


Vewwwuucenn BSVWVeewVswVwess BBWVSVSs@SVVWVVBVsesVeBW’ SVesVseswevVeesVsewesea 


CD4520BMS 


* For synchronous cascading, the clock transition time should be made less than or equal to the sum of the fixed propagation delay at 15pF 
and the transition time of the output driver stage for the estimated capacitive load. 


FIGURE 14. SYNCHRONOUS CASCADING OF FOUR BINARY COUNTERS WITH NEGATIVE EDGE TRIGGERING 


7-1214 


CD4518BMS, CD4520BMS 


| Chip Dimensions and Pad Layouts 


0 10 20 30 40 50 60 70 80 8&7 


fe 


Boro 5 f 85-93 
2.159-2.362) ee, Se (2.159~-2.362) 


See 
: r : 2 a 
Whee ere es iL 
Ne) =e awe wig 


4-10 
(0.102-0.254) 
84-92 
(2.134-2.337) 


85-93 Se 


(0.102- 0.254) 


=) 
(2.134 = 2.337) 


CD4518BMS CD4520BMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o 
O 
Oo 
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Features | , 

¢ High Voltage Type (20V Rating). 

e Cascadable In Multiples of 4-Bits 

e Set to “9” Input and “9” Detect Output 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 


Meets All-Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


e 


Applications 

¢ Numerical Control 

e Instrumentation 

e Digital Filtering 

e Frequency Synthesis 


Pinout 
CD4527BMS 
TOP VIEW ° 
“9” OUT [1 16) VDD 
cl2 15] B 
D|3| 14] A 
SET TO “9” 13} CLEAR 
OUT {5 | 12] CASCADE 
OUT | 6| 11] INHIBIT IN (CARRY) 
INHIBIT OUT (CARRY) | 7. 10] STROBE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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CD4527BMS 


CMOS BCD Rate Multiplier 


Description 


CD4527BMS is a low power 4-bit digital rate multiplier that — 
provides an output pulse rate which is the clock input pulse 
rate multiplied by 1/10 times the BCD input. For example, 
when the BCD input is 8, there will be 8 output pulses for 
every 10 input pulses. This device may be used to perform 
arithmetic operations (add, subtract, divide, raise to a 
power), solve algebraic and differential equations, generate 
natural logarithms and trigonometric functions, A/D and D/A 
conversion, and frequency division. 


For fractional multipliers with more than one digit, 
CD4527BMS devices may be cascaded in two different 
modes: the Add mode and the Multiply mode (see Figures 9 
and 11). In the Add mode, 


Output Rate = 
(Clock Rate) [0.1BCD1 + 0.01BCD2 + 0.001BCD3 +.. .] 


In the Multiply mode, the fraction programmed into the first 
rate multiplier is multiplied by the fraction programmed into 
the second one, 


9 4 36 
e.g. 40° Xx 0 = ~i00~ or 36 output 


pulses for every 100 clock input pulses. 
The CD4527BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 
Functional Diagram 
BCD RATE 
SELECT INPUTS 
cLocK ee CASCADE 
INHIBIT 11 
(CARRY) IN 
SETTO 4 RATE 
NINE +10 OUT | OUTPUTS 
COUNTER lie 
CLEAR 
TL. INHIBIT 
kCAREY) OUT VSS = 8 
VDD = 16 


File Number 3343 


Specifications CD4527BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ........ "ae eae aie Bia Oi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ................ 70°CIW 20°C/W 

DC Input Current, Any One Input............... cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............2. -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to+150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ..............-. 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature 20... . cc ccc cece cece eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


GROUP A 


CONDITIONS (NOTE 1) SUBGROUPS 


VDD = 20V, VIN = VDD or GND 
= 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


+25°C 
8A 
8B 


‘|Functional 


Input Voltage Low 
(Note 2) 


< < 
oO oO 
oO Oo 
oO 
< 
< 
e) 
< 
v 
> 
on 
< 
< 
O 
| aad 
A 
o 
on 
< 


VOL < 1.5V 
VDD = 15V, VOH > 13.5V, 


V 
VOL < 1.5V 


NOTES: 1. Ali voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55°C 
Input Voltage High VIH = 5V, : +25°C, +125°C, -55° 
(Note 2) . 
| VIL VDD = 15V, VOH > 13.5V, ; » -55°C 
lH 


oS) 
on on 
° °o 
©) ©) 
+ + 
=A =, 
nD > 
be) 4 
2) 2) 


»-55° 


Q) 


2) 


oSeSie| ewan [a 

Supply Current VDD=20V,VIN=VDDorGND | 4 | #25 | - | 10 | 
ee ee 
VDD=18V,VIN=VDDorGND | 3 | <5 .| --| 10 | 
Input Leakage Current iL VIN=VDDorGND- |VDD=20 eee ee 
NE Nees Sane es ee 
won} 3s [ase | sw | 
Input Leakage Current VIN=VDDorGND jvpbD=20 | 1 | +25 | - | too | 
ee ee 
ape Gee te 
upatvorage | VOLIS [VODs tev.Nolmad | 1,2,8 vast, amo, ao] | 60 | 
ouput vatage | vOH1s |V00 = 16V, No Load fais) | 1.2.8 [280,280 s5%0| Ta0s| 
OupurCuren(Snx) | 11s |voo=ev.vour-oav [1 | vast [ose | 
Cupar Gurent (Sinn | 10.10 _[vOD= tov, vour=asv | 1 | waste a | 
ouput Curent (Sing) | 10.16 |voD=15v,vour=1sv [1 | awe [as] -_ 
upurCurent(Sourai] 10HsA |voD=ev, vour=aev [1 | sto ~~‘ oe 
OupurCurentSoure)] ont [voD=10v, vouT-esv [1 | ase [ta 
up Curent (Soue|_10Ht5 [voD=16v, vour=rasv [| 1 | vaso | - | 25_ 
RN TeshoidVotage | _vTH voD=10v.tsS=-ia [1 | vaso [ 28 | 07 
VDD = 2.8V, VIN = VDD or GND VOH> | VOL < 

ae ee 

a a 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS — 


| a | | Groupa | furs 
PARAMETER . SYMBOL SUBGROUPS | TEMPERATURE UNITS . 


Propagation Delay TPHL1.|VDD=5V,VIN=VDDorGND | 9 |  +25%. |. - | 300 | ns | 
Creckto ouput tut Pott rece [os [oe 
Sci co ee i Oe 0. | ro, 266 | [005 | 8 
Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGND | 9 | +25 | - | 180 | ns | 
deans Bic BS 

| me [Tot viaste, 50 | - | 270 | ms 
Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | +25 | 12 [ - | MHz | 
dc 7 SN Sc 


14, CL = 50pF, RL = 200K, input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


LIMITS _ 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
‘55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
: ~ 65°C 


Output Current (Sink) VDD = 5V, VOUT = 0.4V peed 125°C 
? -55°C 


Cc 


VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 
Output Voltage =oV, 


< 


cEBPEBBCEBBEBBI <[-1eDSBEEBEBIE 


Output Voltage 


- | BPC 
Output Current (Sink) 1IOL15 | VDD = 15V, VOUT = 1.5V +125°C 
| oan 
Output Current (Source) i VDD = 5V, VOUT = 4.6V +125°C 
Output Current (Source) eae VDD = 5V, VOUT = 2.5V +125°C 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 


— VOL | 
VOL 
VOH 
VOH © 
Ke) 
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Output Current (Sink) 1OL10 | VDD =10V, VOUT =0.5V . +125°C 


+125°C 
-55°C 
+125°C 
-65°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


+25°C 
+25°C 
+25°C 
+25°C 


i 
oO 
Oo 


LIMITS 
PARAMETER SYMBOL ; ee | NOTES |TEMPERATURE| MIN | MAX | UNITS 
Input Voltage Low VIL [VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
| -55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, | +7 V 
-55°C 


Clock to Output TPLH1 VDD = 15V 
Clear to Output TPLH2 VDD = 15V 


_ 
N 


0 
350 


Propagation Delay TPHL3 | VDD =10V +25°C 

Cascade to Output TPLH3 |vbp = 15V 425°C 70 
Propagation Delay TPHL |VDD=5V +25°C. 

Clock to Out TPLH 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
| +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V | 
VDD = 10V 
VDD = 15V 
VDD = 10V 
VDD = 15V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD=10V 
VDD = 15V 
VDD = 5V 
VOD = 10V_ 
VDD = 15V 
VDD = 5V 
10V 
= 15V 


Propagation Delay TPHL 


Clock to INHIBIT Out 


Propagation Delay TPLH 


Clock to INHIBIT Out 


TPHL 
TPLH 


Propagation Delay 
INHIBIT IN to 
| INHIBIT Out 


TPHL 
TPLH 


Propagation Delay 
Clock to “9” or “15” Out 


Propagation Delay 
Set to Out 


Transition Time 
Maximum Clock Input ~FCL 
Frequency 


Minimum Data Setup TS 
Time - Inhibit 


4a- 
ey 
=r 


EE: 

<r 
<is 
O}oO 
i) 


MHz 


Minimum Inhibit Removal | TREM 


Time 


Minimum Clock Pulse TW 


Width 170 


TRCL 
TFCL 


Maximum Clock Rise and 
Fail Time 
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Specifications CD4527BMS 


Minimum Clear Removal 
Time 


| Minimum Set Removal 


Time 


Minimum Set or Clear 
Pulse Width 


Input Capacitance CIN Any Input 
NOTES: oe 
1. All voltages referenced to device GND. : 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. e .& 

| | TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


| N Threshold Voltage 
Delta se 


NOTES: 1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER __ DELTA LIMIT | 


Supp Curent-MSi2 | D(A 
| Output Current (Sink) | 10L5 ~—- | + 20% x Pre-Test Reading 
Output Current (Source) | 1OH5A —_| + 20% x Pre-Test Reading 
an | TABLE 6. APPLICABLE SUBGROUPS _ | 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS | READ AND RECORD 


ital Teal remus) | 100 sao GOTO IOHEA 
Soo Ne La a 00, 15, [OREA 


100% 5004 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


interim Test 2 (Post Burn-In) 100% 5004 IDD, 1OL5, |OHSA 
PDA (Note 1) 100% 5004 1,7, 9, Deltas ee, ee 
Interim Test 3 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 
5004 


[ POA) | toomsooa | ___4,7,9,0etas «dT SSSCSC~CSC~—S 
FaiTest «it~ soca OBIE SCSC~SCS 
[Group | Sampiosvos_| _42.3,7,60,08,9,10117 | SSS 


Subgroup 6 | Sampiosoos fan? 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. : 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD PRE-IRRAD POST-IRRAD 
Groupe Subgroup? _——«_—soomsSSC«dESSCsW «rabies =| Ss, 8—=«;~SCSCTablo 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


' OSCILLATOR | 
FUNCTION _VDD 9V+-05V |  S0kHz =| ——25kHz 
Static Burn-in 1 1, 5-7 2-4, 8-15 
Note 1 
Static Burn-in 2 1, 5-7 2-4, 9-16 
Note 1 


TABLE 7. TOTAL DOSE IRRADIATION 


Dynamic Burn- 2, 4, 8, 10, 12-15 3 P 
In Note 1 
ict a 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample:size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . . 
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Logic Diagram 


vDD 


vss-=8 
VDD = 16 


VSS 


3 
11* ¢ 


P12 


* ALLINPUTS ARE PROTECTED 
? 10 


BY CMOS PROTECTION 
* 


NETWORK 


STROBE CASCADE 


FIGURE 1. 
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TRUTH TABLE 


INPUTS | OUTPUTS 
NUMBER OF PULSES OR INPUT LOGIC LEVEL NUMBER OF PULSES OR OUTPUT LOGIC LEVEL 
(0 = Low; 1 = High; X = Don’t Care) (L = Low; H = High) 


feTa[ ex [oom om Tews Taner [ oo [on [ mow [ror 


- Flece|-ce feces ae ee een 
| oval bowed en ees nee eee 
ji on ns oo°coe oocoo ooo & 
eee — lie 
J]-sf--f-[ ff 


es por ee oo ee ees 


* Clear and Set Inputs should not be high at the same time; device draws increased quiescent current when in this non-valid state. 
** Depends on internal state of counter. 
*«“ Output same as the first 16 lines of this truth table (depending on values of A, B, C, D). 


Typical Performance Characteristics 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT | FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS — | CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 10 5 0 15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | CHARACTERISTICS 


10°. 


AMBIENT TEMPERATURE (Tj) = +25°C i 


\ 


: 
" FE uaa 
sv 1 aL 
CRT hamel 


10° 


102 


POWER DISSIPATION PER (PD) (u.W) 


10 


2468 pede ie rape eee oe eS 0 20 40 60 . 80 100 
1 10 1 1 40 
INPUT FREQUENCY (fIN) (kHz) eee eine 
FIGURE 6. TYPICAL DYNAMIC POWER DISSIPATION AS A FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
FUNCTION OF INPUT FREQUENCY TION OF LOAD CAPACITANCE (CLOCK OR 
STROBE TO OUT) 


AMBIENT TEMPERATURE (T,) = +25°C 


SUPPLY VOLTAGE =5V | 
| pet 
aT es | 

-—— 
ase 


) 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF LOAD CAPACITANCE 


> 


w 
5 


ah 


TRANSITION TIME (tTHL, tTLH) (ns) 
g g 
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Applications 
MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 


0123456783901234567890 
CLOCK 


paw @— UU 
f 


TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT PULSES 
CONTRIBUTED BY DRM Q) TO OUTPUT FOR EVERY 100 CLOCK 
PULSES IN FOR PRESET NO. 94 


FIGURE 9. TWO CD4527BMS’s CASCADED IN THE “ADD” MODE WITH A PRESET NUMBER 


9 4 _) 
+ 


OF 94 ( 


——n Sf ec 
10 100 100 


LOGIC 


CLOCK 
FIGURE 10. TWO CD4527BMS’s CASCADED IN THE “MULTIPLY” MODE WITH A PRESET NUMBER " 


9 4 =) 
oe ( 10. ~ 400 ~~ 100 
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Timing Diagram 


012345678901234 
CLOCK 


a SULILLILUL 
a 
a oe 


R4 LS Lj 
OUTPUT (PIN 6) | 
AENABLED ee 
BeNABLED __ J] _—s_—s JJEC 
cenasteo _ JL JL_SLIL_JLJL_ 
penasLed JUUULIUUULIUUUL 
INH, OUT LJ 
OUTPUT (PIN 6) 
PRESET NO. OF 1 eae — ae L 
PRESET NO. OF 2 fl lz rl 
preseTno.ors __{LJL__fLi_JLJL 
PRESET NO. OF 4 f] f] f] | nS 
preseTno.oFs5 _f] [Il] IL_SL_Iil 
PRESETNO.OF6 _ [][]{] nA An 
_ PRESETNO.OF7 _ [IJ] 1] nu LL 
PRESETNO.OFs [][]{]]] nu Un 
PRESET NO. OF 9 alglatatattatity LAL 


FIGURE 11. (SEE LOGIC DIAGRAM) 


Chip | Dimensions and Pad Layout 


derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


| ae are ——— an, Dimensions in parenthesis are in millimeters and are 
METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


a : i a 


ani — Lic | 
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CMOS 8-Bit Priority Encoder 


December 1992 


Features Pinout 


¢ High Voltage Type (20V Rating) CD4532BMS 
TOP VIEW 


e Converts From 1 of 8 to Binary 


e Provides Cascading Feature to Handle Any Number of 
Inputs 


Group Select Indicates One or More Priority Inputs 
Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 0.5V at VDD = 5V 

- 1.5V at VDD = 10V 

- 1.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 


‘B’ Series CMOS Devices” PRIORITY | 
: SELECT 


Applications 

¢ Priority Encoder 

e Binary or BCD Encoder (Keyboard Encoding) 
¢ Floating Point Arithmetic 


2 
© 
fe) 
-I 


| Description 


(CD4532BMS consists of combinational logic that encodes 
the highest priority input (D7 - DO) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an assigned priority; 
D7 is the highest priority and DO is the lowest. The priority 
encoder is inhibited when the chip-enable input E1 is low. 
When E1 is high, the binary representation of the highest- 
priority input appears on output lines Q2 - QO, and the group 
select line GS is high to indicate that priority inputs are 
present. The enable-out (EO) is high when no priority inputs 
are present. If any one input is high, EO is low and all cas- 
caded lower-order stages are disabled. 


‘The CD4532BMS is supplied in these 16-lead outline packages: 


Braze Seal DIP H4T 
Frit Seal DIP H1E 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3344 
Copyright © Harris Corporation 1992 77-1227 


Specifications CD4532BMS 


Absolute Maximum Ratings . Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia 05. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........--.6- 70°C/W 20°C/W 
DC Input Current, Any One Input...............ce cece eens +10mA Maximum Package Power Dissipation (PD) at +125°C 
_ Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) .............0.5. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ........ cece cece cece cere eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS . 
LIMITS — 


| GROUP A 
PARAMETER |SYMBOL}| —CONDITIONS(NOTE1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


a ee ee eee 
VDD = 18V, VIN=VDDorGND | 


a VIN=VDDorGND {VDD =20 


VIN=VDDorGND |VDD=20 
| VDD = 18V 


HiL 
(Qua Gurent(Source)| TOHSA_|VOD=8v, VOUT=46v 


+25°C - 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55% 
5°C, +125°C, -55° 


Input Leakage Current 


Input Leakage Current 


ib 
ne 
% 
?) 
©) 
S 
- a 


14. 


Ps 
© 


Output Current (Source)|_ IOH10 | VDD = 10V, VOUT = 9.5V ae ee 425°C 
Output Current (Source)|_IOH15 {VDD = 15V, VOUT = 13.5V a ee 
N Threshold Voltage VDD = 10V, ISS = -10pA a a 


elelslels}él || |: felelala| [| |> 
=|[3] 3/3] | 15) «|= f= l=] lef 


P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 

Functional VDD = 2.8V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL {VDD=5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 


VDD =20V, VIN=VDODorGND - 


© 


425°C, +125°C, -55°C 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD4532BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER = |SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 

Propagation Delay VDD=5V,VIN=VDDorGND | 9 | +25 | 
E1 to E0 TPHL1 |- ear 
Propagation Delay VDD=5V,VIN=VDDorGND | 9 | 425% | 
E1toOM TPHL2 maa 
DNtoGS TPLH2 | 101 cdma 
Propagation Delay | TPHL3 |VDD=5V,VIN=VDDorGND | 9 |  +25% | 
DN to QM TPLH3 toe +125°C, -55°C 
Transition Time TTHL [VDD=5V,VIN=VDDorGND | 9 | 425° | 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


=e NOTES 


Pleleletele lel leele rel el ele P EERE 


| LIMITS 
TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
55°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
55°C 


SYMBOL. UNITS 


VDD = 5V, VIN = VDD or GND 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


+25°C, +125°C, 
| -55°C 


Output Current (Sink) IOL5 | VDD=5V,VOUT=0.4V _ Ps +125°C 
| | 7 - -55°C 


VDD = 5V, No Load 


© 
© 
ve) 
~ 


VDD = 10V, No Load 
VDD = 5V, No Load 
VDD = 10V, No Load 


V 
V 
Vv 
Vv 


OL 
OL 
OH 
OH 


+125°C 
55°C 
+125°C 
55°C 
+125°C 
-55°C 
.  +125°C 
-55°C 
+125°C 
-55°C 


4.2 


| -55°C 
a = 5V, VOUT = 2.5V _ 
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Output Current (Sink) 1OL10 | VDD = 10V, VOUT = 0.5V +125°C 


Specifications CD4532BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V “425°C, +125°C, 
| . -55°C 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay ? +25°C | 
E1 to EO 8 0, 
E1 to GS aie 


Propagation Delay . +25°C 
E1 to QM - 5 
DN to GS seca 


Propagation Delay TPLH3 | VDD =10V | +25°C 
phcioti TPHLS VDD = 15V +25°C 
Transition Time TTHL 

TTLH 


Input Capacitance 
NOTES: | 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. - 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER _| SYMBOL TEMPERATURE| MIN — 


| IDD. | VDD =20V, VIN = VDD or GND 
N Threshold Voltage VNTH | VDD = 10V, ISS = -10A 


| 4 | 28 | 02 | 
N Threshold Voltage AVTN - | VDD = 10V, ISS = -10pA Swe Bat RS 
Delta 

oe 


UNITS 


Siac 
+25°C VOH > | VOL < 
VDD/2 | VDD/2 
od 


NOTES: 1. All voltages referenced to device GND. - 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[PARAMETER | SyweoL | _DELTALMMT 
Supp Curent-wst2 | > feta 
OuputGurent Sin) | 1015 _|z20%xPro-Teet Reading 
Output Gurent Source) | 1OHGA | 20% xPro-Test Reading 
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Specifications CD4532BMS 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


100% 5004 (00,1015, OHBA 


Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOLS, IOHSA 
PDA (Note 1) 100% 5004 1,7, 9, Deltas Pt et 
Interim Test 3 (Post Burn-in) 100% 5004 IDD, 1OL5, IOHSA 


100% 5004 2, 3, BA, BB, 10, 11 Res 


PDA (Note 1) 100% 5004 1,7, 9, Deltas 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Sample 5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION GROUND VDD 9V+-0.5V | 50kHz |  25kHz | 
Static Burn-In 1 6, 7, 9, 14, 15 1-5, 8, 10-13 16 
(Note 1) 


Static Burn-in 2 6, 7, 9, 14, 15 
(Note 1) 

Dynamic Burn- 6, 7, 9, 14, 15 1-4,10-13 
In (Note 1) 

Irradiation 6, 7, 9, 14, 15 

(Note 2) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
~ VDD =10V+0.5V . 
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CD4532BMS 


Logic Diagram | 
D1 VDD 


” —p-s-& 


*ALL INPUTS PROTECTED BY a, 
. CMOS PROTECTION NETWORK : 
vss 


FIGURE 1. CD4532BMS LOGIC DIAGRAM 


TRUTH TABLE 


__ INPUT 
Ca [opel olm~ [slo] |] ola] a] a 


0 0 0 
0 0 0 
0 0 0 


X = Don't Care Logic 1 = High Logic 0 = Low 
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CD4532BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tg) =+25°C Ed 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


. FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
LOAD CAPACITANCE (CL) = 50pF 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 25 j5 75 10 125 15 175 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 6. TYPICAL PROPAGATION DELAY (DN TO QM ) vs 


SUPPLY VOLTAGE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


so 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


= 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


“FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY (E1 TO GS, 
E1 TO EQ) vs LOAD CAPACITANCE 
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CD4532BMS 


Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C re | 


AMBIENT TEMPERATURE (Ta) = +25°C ae 


SUPPLY VOLTAGE (VDD) = 5V 


300 


250 


200 


150 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 
rr 
t=) 


50 50 
0 
10 20 30 40 50° 60 . 70 80 90 100 o5 20 40 60 80 100 
| LOAD CAPACITANCE (CL):(pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY (DN TO QM) vs FIGURE 9. TYPICAL TRANSITION TIME vs LOAD 
LOAD CAPACITANCE. 7 CPACITANCE 
40° 8 
6 
> 4 
= 104 
a. 8 
= § = SUPPLY VOLTAGE (VDD) =15V [tier 
S : LOAD CAPACITANCE (CL) = 50pF [A] Aa” | | 
< 10% o| | itl | Jill | Aa ) It 
G i = 
ra) 2 | | 
e107 gL 
6 Cr 
3 Pa) a 
a 2 | | 
= i 
~ FI 
ae in” ~a al 


FREQUENCY (f) (kHz) | 
FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION vs FREQUENCY | 


Applications 
Ey 
DI 5 
Q3’ 
De 


D7 - 


DO 


FIGURE 11. 16-LEVEL PRIORITY ENCODER 
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CD4532BMS 


Applications (Continued) 


1/4 CD4071BMS 


FIGURE 12. 0-TO-9 KEYBOARD ENCODER 


TRUTH TABLE 


INPUT OUTPUT 


eee IN he 
[po | pe | 7 | be | os | os | os | oe | ot | bo | cs | as | oz | ar | ao 


X xX Xx Xx xX 1 
pofitetxtxtetatxtetxts titolo fe 
X 
Xx 
Hi 
1 


X = Don’t Care Logic 1 = High Logic 0 = Low 


ot KIK K OX 


X 
1 
0 
0 
0 
0 
0 
0 


ooocojcoco 
ooo Ooj;O = x 


LOGIC 


oo oO OFOo CO SO 
ooo 8 


_ Chip Dimensions and Pad Layout 


2H METALLIZATION: Thickness: 11kA - 14kA, AL. 
(1.753 - 1.956) 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


o—t 


bes 4-10 
(0.102 = 0.254) 
72-80 


(1.829 -2.032) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 
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SEMICONDUCTOR 


aD CD4536BMS 


24 Flip-Flop Stage - Counts from 2° to 274 

Last 16 Stages Selectable by BCD Select Code 
Bypass Input Allows Bypassing First 8 Stages 
On-Chip RC Oscillator Provision 

Clock Inhibit Input 


Schmitt Trigger In clock Line Permits Operation with 
Very Long Rise and Fall Times 


On-Chip Monostable Output Provision 
Typical fCL = 3MHz at VDD = 10V 

Test Mode Allows Fast Test paca 
Set and Reset Inputs 


Capable of Driving Two Low Power TTL Loads, One . 


Lower Power Schottky Load, or Two HTL Loads Over 
the Rated Temperature Range 


100% Tested for Quiescent Current at 20V 
SV, 10V and 15V Parametric Ratings 
Standardized, Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for epee uen of 


‘B’ Series CMOS Devices” _ . 


eneeraees CMOS Programmable Timer 
Features Description 
e High Voltage Type (20V Rating) CD4536BMS is a programmable timer consisting of 24 ripple 


binary counter stages. The salient feature of this device is its 
flexibility. The device can count from 1 to 274 or the first 8 
stages can be bypassed to allow an output, selectable by a 
4-bit code, from any one of the remaining 16 stages. It can 
be driven by an external clock or an RC oscillator that can be 
constructed using on-chip components. Input IN1 serves as 
either the external clock input or the input to the on-chip RC 
oscillator. OUT1 and OUT2 are connection terminals for the 
external RC components. In addition, an on-chip monostable 
circuit is provided to allow a variable pulse width output. Var- 
ious timing functions can be achieved using combinations of 
these capabilities. 


A logic 1 on the 8-BYPASS input enables a bypass of the 
first 8 stages and makes stage 9 the first counter stage of 
the last 16 stages. Selection of 1 of 16 outputs is accom- 


_ plished by the decoder and the BCD inputs A, B, C and D. 


MONO IN is the timing input for the on-chip monostable 
oscillator. Grounding of the MONO IN terminal through a 
resistor of. 10kQ or higher, disables the one-shot circuit and 
connects the decoder directly to the DECODE OUT terminal. 
A resistor to VDD and a capacitor to ground from the MONO 
IN terminal enables the one-shot circuit and controls its 
pulse width. 


A fast test mode is enabled by a logic 1 on 8-BYPASS, SET, 


and RESET. This mode divides the 24-stage counter into 
three 8-stage sections to facilitate a fast test sequence. 


_ The CD4536BMS is supplied in these 16-lead outline packages: 


. Braze Seal DIP . H4X 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 
Pinout Functional Diagram — 
CD4536BMS - Eee det 
TOP VIEW - CLOCK 
INHIBIT 
ose | 
SET [1] 16] VDD _. INHIBIT] - 
 8BYPASS 
RESET | 2| 15] MONO IN 6 14 
IN1]3| 44] OSC INHIBIT ; 
- out1 [4 13] DECODE OUT 
BINARY ) 8 
OuT 2 [5| 12} D SELECT ) © et 
8-BYPASS [6 11} | sinary D 
CLOCK INHIBIT fo] B { SELECT SET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


vss | 8] 


VDD = 16 


FileNumber 3345 
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Specifications CD4536BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ...............- Gia Bi 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............66. 70°C/W 20°C/W 

DC Input Current, Any One Input. ................ cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range..............-. -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, KK) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature 0.0... . ccc cece ee ee eee eee eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A uMiTs 
SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX [UNITS 


ee eo 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
5°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C VOH > | VOL < 
425°C VDD/2 | VDD/2 
+125°C 
-55°C 
1,2,3 +25°C, +125°C, -55° 


PARAMETER 


Supply Current 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND- |VDD=20 
re) 


Input Leakage Current 


>| > 


VIN=VDDorGND- }|VDD=20 
VDD = 18V 


VOL15 |VDD = 15V, No Load . 
Output Voltage VOH15 {VDD = 15V, No Load (Note 3) 


Input Leakage Current 


Output Voltage 


ne 
O 


Q 


14.95 
Output Current (Sink) IOL5 = |VDD = 5V, VOUT = 0.4V 

Output Current (Sink) VDD = 10V, VOUT = 0.5V 
Output Current (Sink) VDD = 15V, VOUT = 1.5V 


VDD = 5V, VOUT=4.6V0 
| IOHSB_ |VDD = 5V, VOUT = 2.5V 

VDD = 10V, VOUT = 9.5V 

| IOH15 [VDD = 15V, VOUT = 13.5V 


N Threshold Voltage VNTH_ |VDD = 10V, ISS = -10pA 
P Threshold Voltage VPTH_  |VSS = OV, IDD = 10pA 


VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Output Current (Source 


Output Current (Source 


Output Current (Source 


ee ee te i tl 


Output Current (Source 


b|o|s 
Naa 


2S 
~] 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 


2) 


Input Voltage High Vv VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 


O) 


— ~~~ ~-_ nN 
2/Z22/2 e 

Pad oO (e) Ss 

—_ —_ Oo 

~- 10 @ a 

<I nO ae) 

[@) — — 5 
a =a 
vo} 

® 

rm 

o 

= 


+25°C, +125°C, -55° 


~~ 
ra 
fe) 
--~ 
[¢>) 
Mh 

~— 


VIL 
IH 
VIL VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 
VIH_ [VDD = 15V, VOH > 13.5V, 
VOL <1.5V | 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


Input Voltage High +25°C, +125°C, -55° 


2) 


2) 


= 
z 
fe) 
as 
@ 
fh 

— 
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Specifications CD4536BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


i - GROUP A 
PARAMETER SYMBOL] CONDITIONS (NOTE 1,2) | SUBGROUPS 


Propagation Delay 

Clock toQ1 8-Bypass  — 
High . 
Propagation Delay 
Clock to Q1 8-Bypass 
Low 


Propagation Delay TPHL3 |VDD=5V,VIN=VDDorGND | 9 | 

Clock to Q16 TPLH3 | | 10,11 | 

Propagation Delay TPHL4 | VDD = 5V, VIN = VDD or GND 

Reset to QN | | — +125°C, -55°C 

Transition Time TTHL |VDD=5V,VIN=VDDorGND [| 9 | — +25°C 
my [10,71 | +1259, 65% 

Maximum Clock Input FCL |VDD=5V,VIN=VDDorGND | 9 | — +25°C 

disidatd Loe 


+125°C, -55°C 
1. VDD = 5V, CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TEMPERATURE 
+25°C_ 


TPHL2 |VDD=5V,VIN=VDDorGND | 9 | — +25°C 


MIN 
rea 
Eee 
250 | 
eee 

Eee 

ae 

ae 

Pies 

ae 


+125°C, -55°C 
+25°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTES TEMPERATURE 


-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, - 
55°C 
+25°C, +125°C, - 
55°C 
+25°C, +125°C,- | 4.95 

55°C 


Output Voltage +25°C, +125°C, - 
85°C 


Plele tele leel lel le) PPE PEE 


LIMITS 


UNITS 


—_ 
o 
So 


VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 


+125°C 
— 65°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


pS 


Output Current (Source) OHS5B_ | VDD = 5V, VOUT = 2.5V 


Output Current (Source) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL 
Output Current (Source) 


| Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High 


Clock to Q1 8-Bypass High} TPLH1 |vop=15V0—O———<‘CtsisCS 
[See rmetoe te fepstgr 
Clock to Q1 8-Bypass Low] TPLH2 


Propagation Delay TPHL3 |} VDD=10V 
Clock to Q16 TPLH3 VDD = 15V 
| Propagation Delay TPHL | VDD=5V 
TPLH 10V | 


TEMPERATURE 
+125°C 
-55°C 
+25°C, +125°C, - 
, $125°C, - 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


NOTES 


ie) 
pb 


VDD =15V, VOUT = 13.5V 


b 
ho 


: 
: 


ial 


VDD = 15V 
VDD = 15V 


Propagation Delay 
Set to Qn 


TPLH |VDD=5V 
VDD = 10V 
Propagation Delay TPHL4 | VDD=10V 
Reset to Qn VDD = 15V 


Transition Time TTHL |VDD=10V | 
TTLH [yop = 15v 


Maximum Clock Input FCL 


+25°C 
+25°C — 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Minimum Clock Pulse 
‘| Width 


VDD = 10V 
Frequency. Unlimited In- 
put Rise or Fall Time 

VDD = 5V 


| Minimum Set Pulse Width TW VDD = 5V 
VDD = 10V 
wo 


Minimum Reset Pulse 
Width 


VDD = 10V 
VDD = 15V 
_TREM | VDD =5V 


| Minimum Set Recovery 
| Time 


VDD = 10V 
VDD = 15V 
TREM |VDD=5V 


VDD = 10V 


Input Capacitance CIN Any Input 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Minimum Reset Recov- 
ery Time 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS _. | 


LIMITS 
NOTES TEMPERATURE UNITS 


Cn WAX 

fa ee 

2a [02 

Mick a Bal 

[ez [a0 


_|N Threshold Voltage VNTH | VDD = 10V, ISS =-10nA ie. ieee 
tll 
P Threshold Voltage AVTP. | VSS =OV, IDD = 10nA +1 
Delta | 


Functional +#25°C | VOH> | VOL< 
pew |" Fasmmeneras) | [ee 
” a 
-TPLH | 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = S50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


Propagation Delay Time 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[_Paraweren | svwpou [| _peuraumm | 
Supp Gurent-msi@ [0 ferme ———S—S*d 
[OuputGurent(Sing | _1018 [20% xPr-Teat Reading | 
[Output Curent Source) | 10H6A [20% xPre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


| _-MIL-STD-883 
CONFORMANCE GROUP . METHOD ' GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bum-In) | 100% 5004 IDD, IOL5, IOH5A 
Interim Test 1 (Post Burn-in) | — 100% 5004 IDD, IOLS, IOH5A 


e 


100% 5004 
[Poawotet) =i toons sooe | TDs C*dS 
A 
Fate ~*~ room sooe | Cem iP SSC~*S 
[Groups | Samprsoos | 12a 7.0ae50.00 | SSS 
suegoupes | sampesoos | ure ECS 


Sample 505 12,3, 0A, 68,9 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION ; : 


mistoees PEST. | READAND RECORD _ 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD _ POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION )PEN QV+-05V |  50kKHz | 25kHz 
Static Burn-in 1 4, 5,13 1-3, 6-12, 14, 15 
Note 1 


Static Burn-in 2 4, 5,13 1-3, 6, 7, 9-12, 
Note 1 14-16 
Dynamic Burn- 1,2, 6-8, 14, 15 

In Note 1 

Irradiation 4,5, 13 1-3, 6, 7, 9-12, 
Note 2 14-16 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD = 10V + 0.5V 


Logic. Diagram 


VSS 
*INPUTS PROTECTED BY CMOS 
PROTECTION NETWORK 


cCLocK *_] 
INH 7 | 


nm" moO 


NOTE: f~ RS = (5 —» 10) x AT 


3AT CT’ 


FIGURE 1. 
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Logic Diagram (Continued) 


A 
B 

Cc 

D 

E 

F 

90% Dw 110 « 
10, | 
15 * 
MONO INC 
G 
DETAILFOR- : DETAIL FOR 
FF3-8, 11-16, 17-24 ‘ FF1, FF2, FF10, FF9, FF25 


CLEN (CLDIS FOR FF9 AND FF25) 


$ i N . FF1: AS SHOWN EXCEPT Q NOT BROUGHT OUT 
FF9: SAME AS FF1 EXCEPT Q IS BROUGHT OUT AND Q, @ GO TO TGf AND TGe RESP. 
VSS FF2, FF10: DELETE TGe, TGf, AND INVf; FEED © TO D; DELETE CLEN, CLDIS 


FF25: INVa AND INVd BECOME 2-INPUT NAND GATES, WITH ADDED INPUTS S; FEED Q 
TO TGf VSS TO TGe PREVIOUS Q INPUT; DELETE Q OUTPUT 


FIGURE 1. (Continued) 
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TRUTH TABLE 


0=LowLevel 1=HighLevel X=Don't Care 


Typical Performance Characteristics 


i z 
ef J 
e E 
© 25 fe 
a c 
ra) cs B 
zZ g 
@ B, 
: g 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) = 

FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT o 

CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 5 0 -15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C AMBIENT TEMPERATURE (Ta) = +25°C ] 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


PROPAGATION DELAY TIME (tPHL, tPLH) (1s) 
PROPAGATION DELAY TIME (tPHL, tPLH) (us) 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q1, 8-BYPASS HIGH) (CLOCK TO Q1, 8-BYPASS LOW) 


wd 
[=] 
o 


AMBIENT TEMPERATURE (Tg) = +25°C 


PROPAGATION DELAY TIME (tPHL, tPLH) (11s) 
=) 
oO 


PROPAGATION DELAY TIME (tPHL, tPLH) (js) 


0 20 40 60 ~=——s 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE — FUNCTION OF LOAD CAPACITANCE 
(CLOCK TO Q16, 8-BYPASS HIGH) — (QN TO QN + 1) . 
| ; | | | 
ene ¢ --t—1-H AMBIENT TEMPERATURE (Tq) = +25°C 
= ; 7 —t SUPPLY VOLTAGE (VDD) = 10V 
a gc 107, —— 
> 3 | 
2 2 FT 
z Y 1, 
fe) re § 2 
E 2 att 
S - 7 | 
lu ec 0 8 — a 
oO re) EES) GE 
> e ict 
= 4 7 | | 
Wi 10°-_ = 
=) 5 a ie 
g 8 ict 
& 1 o2 | | im 
107 
| EXTERNAL CAPACITANCE (CT) (pF) 
5 6 7 8 9 10 1 12 13 14 165 1 10 102 493 104 
SUPPLY VOLTAGE (VDD) (V) EXTERNAL RESISTANCE (Rtc) (kQ) 
FIGURE 10. TYPICAL RC OSCILLATOR FREQUENCY FIGURE 11. TYPICAL RC OSCILLATOR FREQUENCY 
DEVIATION AS A FUNCTION OF SUPPLY DEVIATION AS A FUNCTION OF TIME CONSTANT 
VOLTAGE RESISTANCE AND CAPACITANCE 
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Typical Performance Characteristics (Continued) 


iN JIDO07 | 


w 
SC WS Be OE 2 Oe ne a en ee 2 2 ee eee 4 
n° 2 ee ee ee Pr 


CERN ee 


LRN 
NINOIN | TT TT 


Bh UV, WES SW Oe 2 2 ee eee 2 2 ee ee 
RR, SO, Ne ee ee 2 en ee ee 


2 NON Se 
ot WNIT 
LUNGS TTT TT 


150 
10V) 


1 


EXTERNAL CAPACITANCE (CX) (pF) 


FIGURE 15. TYPICAL PULSE WIDTH AS A FUNCTION OF 


100 
120kQ) 
2 468 


50 
AMBIENT TEMPERATURE (Ta) °C 


FIGURE 13. TYPICAL RC OSCILLATOR FREQUENCY 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 17. TYPICAL TRANSITION TIME AS A FUNCTION OF 


= 
co 
S « 
—T—TTTtT 7 
St tt E 


° 
= 


DEVIATION AS A FUNCTION OF AMBIENT 


TEMPERATURE (RS 
EXTERNAL CAPACITANCE (VDD 
AMBIENT TEMPERATURE (Ta) = +25°C 


8 AMBIENT TEMPERATURE (Ta) = +25° 


N aor Nw eoowr wn eaow nw 
~ 


iy) Go |. = 
: 2 = 3 


(st) HLGIM 3S'1Nd 


w 
” 
eh 5 0 2 ee ee 2 ee ee a= o 
CS ee 2 ee ee ee r 


dh GER ee 


SUING re 
NSN TT 


5 
a 
b 
d 
y 
1 
' 
r 
| 
a 
i 
I 
f 
s 
a 
al 
l 
SV) 


ToT NINA NS ttt 
ott WALA | UT 
WRIRAN VBE 


> GI. TR LES eee 
» SIRE. Nh NEE Wase 


Le tt NA NT 


= 

= 

ial 
ITN | TAN NT 
a 

1.w 

1 


100 
AMBIENT TEMPERATURE (Ta) °C 


FIGURE 12. TYPICAL RC OSCILLATOR FREQUENCY 


” 
eo 
= 


et SS 


Nel | TAIN TAS 


50 


HTN UTINATN 


SE 
BIR ISSA i Be 


a oh 
a 
it TERT aT 


qi ss aS oo e™ 
a i a oe Ce ae oe 
Tere xr . 
CT = 


LUT TT tit ty 
N 


EXTERNAL CAPACITANCE (CX) (pF) 


FIGURE 14. TYPICAL PULSE WIDTH AS A FUNCTION OF 
EXTERNAL CAPACITANCE (CX) (pF) 


FIGURE 16. TYPICAL PULSE WIDTH AS A FUNCTION OF 


oS 
T= 


DEVIATION AS A FUNCTION OF AMBIENT 


TEMPERATURE (RS = 0) 
EXTERNAL CAPACITANCE (VDD 


8 AMBIENT TEMPERATURE (Ta) = +25° 
4 SUPPLY VOLTAGE (VDD) = 5V 

— 

= 


10.0 
7.5 
5 
2. 
2 

5 
-7 
-10 


% % id = 
(st) HLGIM 3S1Nd 


1 


(%) GV) NOLLVIASG AONSNDAYS (st!) HLGIAA 3S"INd 


LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


5 
10 , : 
4 Ww 
; 2 q | 
Swot | TT Tt TT A 
e ' SESEFE supra vottace w= Poa 
Ss 4c B 
z a | Tit | ttt r 
Foot | TIT | tt 7 
eee 5 
BO. glee ee ete a 
a a. | tIil | | lA | 
Gol | Lill | WL | 
= 10? tt oF an a 
re) 6-—+—__|-L 24S i_§ 
a 4-——1 | st te B 
ot A asl i 
LIMA rt 
0.1 4 40 "40? "103 


PULSE INPUT FREQUENCY (kHz) 
FIGURE 18. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT PULSE FREQUENCY 


Applications 


CL 


CODE OUT 
(CL + 8) 


Q1 OUTPUT 
CD4098BMS 


FIGURE 19. APPLICATION SHOWING USE OF CD4098BMS AND CD4536BMS TO GET DECODE PULSE 8 CLOCK PULSES AFTER 
RESET PULSE 


OUT 1 


OUT2 


FIGURE 20. TIME INTERVAL CONFIGURATION USING EXTER- FIGURE 21. TIME INTERVAL CONFIGURATION USING EXTER- 
NAL CLOCK; SET AND CLOCK INHIBIT FUNCTIONS _ NAL CLOCK; RESET AND OUTPUT MONOSTABLE 
TO ACHIEVE A PULSE OUTPUT 
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Applications (Continued) 
VDD 


CD4536BMS 


R 
ie CLOCK 
DCBA 
OUT 2 0000 (+2) 
0001 (+4) 
0010 (+8) 
LF te 23 Rte C 
gate RS 2 2Rtc 
ft IN Hz, 
RIN, 
CINF 


FIGURE 22. TIME INTERVAL CONFIGURATION USING ON- 


3ps MIN 


JL NOTE: 
SHADED PULSE REPRESENTS DECODE OUTPUT 
IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
IS REQUIRED 1 FULL COUNTDOWN AFTER | 
REMOVAL OF RESET PULSE, SEE FIGURE 19 


FIGURE 25, TIMING DIAGRAM 


' CHIP RC OSCILLATOR AND RESET INPUT 
TO INITIATE TIME INTERVAL. 


DECODE OUT SELECTION TABLE 
NUMBER OF STAGES IN DIVIDER CHAIN 


8-BYPASS = 0 8-BYPASS = 1 
9 


1 
2 
3 
4 


LOGIC 


0 = Low Level 1 = High Level 


Functional Block Diagram 
. 8-BYPASS ¢ 6 


1 
SET ¢ 
RESET © 2 


PF 
osc 14] OSC INHIBIT 
INHIBIT LOGIC 


IN Pod SoS] CLOCK INHIBIT |, STAGES | 8-BYPASS | STAGES9-24 | 
‘ P Loaic : 1-8 | Loic Q9--- 024 
4 
OUT 1 ¢ 
> A= 13. DECODE 
OUT 2¢ - saa DEC 
B 
CLOCK ,7 BINARY 7 
INHIBIT SELECT ] ¢ - nee 
VSS =8 
VDD = 16 Pere 15 


FIGURE 24. 
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FUNCTIONAL TEST SEQUENCE 


OUTPUTS COMMENTS 


DECODE OUT 
8-BYPASS Q1 THRU 24 


ALL 24 STEPS ARE IN RESET MODE 


Counter is in three 8-stage section in parallel 
mode 


First “1” to “O” transition of clock 


255 “1” to “0” transitions are clocked in the 
counter 


The 255 “1” to “O” transition 


Counter converted back to 24 stages in series 
mode. 

Set and Reset must be connected together 
‘and simultaneously go from “1” to “0” 


Int Switches to a “1” 


Counter Ripples from an all “1” state to an all 
“0” state 


Functional Test Sequence 


Test Function has been included for the reduction of test -allel. All flip-flops are now at a “1”. The counter is now 
time required to exercise all 24 counter stages. This test returned to the normal 24 steps in series configuration. One 
function divides the counter into three 8-stage sections and more pulse is entered into In1 which will cause the counter 
255 counts are loaded in each of the 8-stage sections in.par- _ to ripple from an all “1” state to an all “O” state. 


Chip Dimensions and Pad Layout | 


ee a. gee 
SS AS v6 KG 40) 4 
eo a 10 | Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid. graduation: are in mils 
(10° inch). 
6 METALLIZATION: Thickness: 11kA - 14kA, AL. 


-109 
2.586: 2.768) PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 


Vogl a cee | 
eee sf i ec DIE THICKNESS: 0.0198 inches - 0.0218 inches 
"ot el fi - : 


: < = = Ee 


He Oide-6.254) 119-127 " 
(3.023-3.225 
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Cae HARRIS | CD4555BMS 
SEMICONDUCTOR CD4556BMS 


CMOS Dual Binary to 1 of 4 


December 1992 Decoder/Demultiplexers | 
Features Pinouts CD4556BMS 
TOP VIEW 


e High Voltage Type (20V Rating) 

¢ CD4555BMS: Outputs High on Select 

e CD4556BMS: Outputs Low on Select 

Expandable with Multiple Packages 

100% Tested for Quiescent Current at 20V 
Standardized, Symmetrical Output Characteristics 


Maximum Input Current of 1pA at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


1/2 OF DUAL 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


e 5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


CD4555BMS 
TOP VIEW ~ 


1/2 OF DUAL 


Applications — 
e Decoding. 


e Code Conversion 


© 
© 
ro) 
~d 


e Demultiplexing (Using Enable Input as a Data Input 3 : 
ee . Functional Diagrams 


e Memory Chip-Enable Selection VDD | 16 
1 


e Function Selection 


micg > 


Description 


CD4555BMS and CD4556BMS are dual one-of-four decod- 
ers/demultiplexers. Each decoder has two select inputs (A 
and B), an Enable input (E), and four mutually exclusive out- 
puts. On the CD4555BMS the outputs are high on select; on 
the CD4556BMS the outputs are low on select. 


mia > 
BRS BRee 


vss I8 
When the Enable input is high, the outputs of the 
CD4555BMS remain low and the outputs of the 
CD4556BMS remain high regardless of the state of the 
select inputs A and B. The CD4555BMS and CD4556BMS 
are similar to types MC14555 and MC 14556, respectively. 


The CD4555BMS and CD4556BMS are supplied in these 
16-lead outline packages: 


Braze Seal DIP *"H46 = THAT 
Frit Seal DIP H1E | 
Ceramic Flatpack H6EW 
*CD4555B Only {CD4556B Only 


CD4555BMS 
VDD 146. 


moO > 


Tuo > 
eleleiet eleietet 


VSs !8 
CD4556BMS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3346 
Copyright © Harris Corporation 1992 7-1249 


_ Specifications CD4555BMS, CD4556BMS - 


_ Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
_ (Voltage Referenced to VSS Terminals) 

input Voltage Range, All Inputs .............-0.5V to VDD +0.5V 
DC Input Current, Any One Input....... er ey Cera +10mA 
Operating Temperature Range................ -55°C to +125°C 

Package Types D, F, K, H 
Storage Temperature Range (TSTG):.......... -65°C to +150°C 
Lead Temperature (During Soldering)..............05. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum . 


Reliability Information 


Thermal Resistance ...............- Bia Bic 
Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Flatpack Package ..............6. 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at+125°C = . 
For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 

Linearity at 12mW/°C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature ..... 2... cece cece cece ce eees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VIN = VDD or GND 


N Threshold Voltage VNTH 


VDD = 10V, ISS = -10pA 


VDD = 20V, VIN = VDD or GND 


Tionsa_|vop=sv. vour=46v 
OuputGurent(Source)] OHs8 |voD=sv, vOUT=25v 
Tonto |vop=10v, vour=esv 
Monts |vop=1sv, vour= 1a 


P Threshold Voltage VPTH_ |VSS = OV, IDD = 10pA 


Output Current (Sink) | 10L15  |VDD = 15V, VOUT = 1.5V ee 
VDD=2.8V,VIN=VDDorGND | 7 | 
VOD=20V,VIN=VDDorGND | 7 | 
VDD=18V,VIN=VDDorGND | 8A _ | 
VDD=3V,VIN=VDDorGND | 8B | 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) . 7 
Input Voltage Low ViL_ _|VDD = 15V, VOH > 13.5V, 
(Note 2) 3 VOL < 1.5V | 
Input Voltage High VIH_ VDD = 15V, VOH > 13.5V, | 

| VOL < 1.5V 


es ee 
es 
| 
+25°C, +125°C, -55°C 
+25°C, +125°C, -55°C 


E 


14.95 


+25°C, +125°C, -55°C 


esl ts] ]ts)<fef2]2)8]2)e 212) fe le fees 


+25°C, +125°C, -55°C 


8 
(-) 
‘2 
+ 
ak 
o 
° 
9. 
8 
orks 
9° 
©) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A 
PARAMETER ~|SYMBOL{ CONDITIONS (NOTE 1, 2) SUBGROUPS 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Aor B Input to any Output} TPLH1 
Propagation Delay TPHL2 | VDD =5V, VIN = VDD or GND 
E to any Output TPLH2 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TTLH . 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


| MAX | UNITS 
eae 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 
+25°C 
+125°C, -55°C 


MIN | 
a 
pee 
| 400 | 
Ee | 0 
p= | 200 
_ | 270 | 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 1,2 


LIMITS 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 

+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 


Oo 


Output Voltage 
Output Voltage 


+25°C, +125°C, 


POE 
Q Q 


&] = 
ho] ae 


VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


VDD = 5V, VOUT = 0.4V 
aaened wal lll 
naniomaned bal anamsaieill 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 


+25°C, +125°C, 


+25°C, +125°C, 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
— 55°C 
+25°C, +125°C, 


a 
9) 


2.4 
4.2 


Pelle telstra PB P EE 


SA CRCHLELELCL 
.@) 
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Specifications CD4555BMS, CD4556BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. CONDITIONS 
Input Voltage High © VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay TPHL1 | VDD=10V . 
TPLH1 


- PARAMETER SYMBOL 


VIH 


Aor B Input to any Output VDD = 15V 


Propagation Delay TPHL2 |} VDD=10V 
E to any Output TPLH2 VDD = 15V 
Transition Time TTHL |VDD=10V 
TTLH [vob = 15V 
Input Capacitance 
NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| Supply Current | IDD | VDD =20V, VIN = VDD or GND 


N Threshold Voltage -VNTH_ | VDD = 10V, ISS = -10pA. 


Delta 


P Threshold Voltage VSS=0V,IDD=10HA 


P Threshold Voltage AVTP {VSS =OV, IDD = 10pA 
Delta . ; 


eo VDD = 18V, VIN = VDD or GND 


VDD = 8V, VIN = VDD or GND 
VDD = 5V 


425°C VOH > | VOL< 
vop/2 | voD/2 


-NOTES: 1. All voltages referenced to device GND. _ 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


+1 
+1 


TPHL 
TPLH 


Propagation Delay Time . 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL DELTA LIMIT 
[Sippycurent-wst2 [0 feta 
Output Current (Sink) | OLB + 20% x Pre-Test Reading 
Output Current (Source) | IOHSA + 20% x Pre-Test Reading 
- eo TABLE 6. APPLICABLE SUBGROUPS 


| _ MIL-STD-883 | | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 DD, IOL5, IOH5A 


| 
Interim Test 1 (Post Burn-in). 100% 5004 IDD, IOL5, IOH5A 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | 
‘CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[PDA Wolo) ———~—SC~SCt0m S00 | S~sS Doma = CCdSSCSC“‘*‘“‘“‘;~*~*~*™ 
[PDA(oet) ——~~S~*dC«i SOA S~*~‘ CSSD SCCSC‘iSC“‘“‘;C;*™*~*~*~* 
2,3, BA, 8B, 10, 11 ed 
[Grupa ———~—S Semple 5008 | iS 23, 7.8, 08,10 CdPSSSCSCSCS 
Group 8 
| [Subgroup -6 | Samplosoos | Sis. 9) SSCS 


GroupD_ Sample 5005 1,2, 3, 8A, 8B, 9 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


evens TEST READ AND RECORD 
CONFORMANCE GROUPS — METHOD — PRE-IRRAD POST-IRRAD PRE-IRRAD _ POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION VoD OV+-0.5V 0] 50kHz | 25KHz 


PARTNUMBER CD4555BMS & CD4556BMS 


Note 1 


Dynamic Burn- 
In Note 1 


o 
O 
\@) 
ha 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, — 
VDD = 10V + 0.5V re . a3 


Logic Diagrams 


*ALL INPUTS PROTECTED BY CMOS *ALL INPUTS PROTECTED BY CMOS 


PROTECTION NETWORK PROTECTION NETWORK 
VSS 
FIGURE 1. CD455RBMS LOGIC DIAGRAM (1 OF 2 IDENTICAL FIGURE 2. CD4556BMS LOGIC DIAGRAM (1 OF 2 IDENTICAL 
CIRCUITS) CIRCUITS) 
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CD4555BMS, CD4556BMS 


TRUTH TABLE 


INPUTS ENABLE SELECT OUTPUTS CD4555BMS OUTPUTS CD4556BMS 


X = Don’t Care Logic 1 = High 
‘Logic 0 = Low 


Typical Performance Characteristics 


i ia cs 


Fo] | 3 
E 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V E 
i 25 oc 
« ec 
3 z 3 
4 4 
z- g 
0 10 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT | FIGURE 4. MINIMUM OUTPUT LOW om CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE dant (VDS) (V) DRAIN-TO-SOURCE ne (VDS) (V) 
- 15 5 oO, 

< AMBIENT TEMPERATURE (Ty) mee | A = 

= GATE: -TO-SOURCE VOLTAGE (VGS) = -5V = 

fog ac 

—) 2 

pan | 

3 - 3 

Y 

g | 45 0 

<= 

FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 

CHARACTERISTICS — CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 20 40 60 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME vs LOAD FIGURE 8. TYPICAL PROPAGATION DELAY TIME vs LOAD | 
CAPACITANCE (A OR B INPUT TO ANY OUTPUT) CAPACITANCE (E INPUTS TO ANY OUTPUT) 


AMBIENT TEMPERATURE (Ta) = +25°C 


—\ 
ING 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 


2 
© 
vo) 
| 


0 20 40 60 80 100 


FIGURE 9. TYPICAL PROPAGATION DELAY TIME vsSUPPLY FIGURE 10. TYPICAL TRANSITION TIME vs LOAD CPACI- 
VOLTAGE TANCE 


10® 


40° 


SUPPLY VOLTAGE (VDD) = 15V 
LOAD CAPACITANCE (CL) = 50pF 


VDD = 10V 
CL = 50pF 
i 


VDD = 10V 
CL = 15pF 


DYNAMIC POWER DISSIPATION (PD) (uW) 


24 68 24 68 24 68 24 68 24 68 
10° 1 10 107 10° 104 
INPUT FREQUENCY (f) (kHz) 


FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION vs FREQUENCY 
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- VDD 
INPUT B 
vss 


VDD 
OUTPUT Q3 


10% vss 


tTLH 


tTHL 


fl x 1MHz, 50% DUTY CYCLE 


. FIGURE 12..CD4555BMS B INPUT TO Q3 OUTPUT DYNAMIC 
_ SIGNAL WAVEFORMS 


VDD 
INPUT E 


VSS 


90% VDD 
50% OUTPUT Q3 
10% vss 
tTHL tTLH 
- fl= 1MHz, 50% DUTY CYCLE 


FIGURE 14. CD4555BMS E INPUT TO Q3 OUTPUT DYNAMIC 
SIGNAL WAVEFORMS ~ 


Applications 


1/46 CD4555BMS 


INPUTS 


OUTPUTS 


14% CD4069BMS 


FIGURE 16. 1 OF 4LINE DATA DEMULTIPLEXER USING | 
CD4555BMS 


voD 
INPUT B 
vss 


VDD 
OUTPUT Q3 
vss 


fl = 1MHz, 50% DUTY CYCLE 


FIGURE 13. CD4556BMS B INPUT TO Q3 OUTPUT DYNAMIC 
SIGNAL WAVEFORMS 


VDD 
INPUT E 


vss 


VDD 
OUTPUT Q3 
vss 


. fiz 1MHz, 50% DUTY CYCLE 


FIGURE 15. CD4556BMS E INPUT TO G3 OUTPUT DYNAMIC 


SIGNAL WAVEFORMS 
‘TRUTH TABLE 
SELECT INPUTS OUTPUTS 
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FIGURE 18. 1 OF 16 DECODER USING CD4555BMS AND CD4556BMS 
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-CD4555BMS, CD4556BMS 


TRUTH TABLE 


7 [s[el[o[n[eleluls 


i 


AWA 


pe pee ere Ca Se ean aR ‘ee 


i =a5 


: 75-83 
a6 (1.905-2.108) 
| — . . 4-10 
7.02 - aobas . . (0.102 -0.254) 
79 - 67 . 79-87 
(2.007 ~ 2.210) (2.007 - 2.210) 


CD4555BMSH oe | CD4556BMSH 


O-— 


Dimensions in parenthesis are in millimeters and are 
. derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


_METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: — 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
_ DIE THICKNESS: 0.0198 inches-.0.0218 inches 
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grmarrs j§ CD4585BMS 


CMOS 4-Bit Magnitude Comparator 


December 1992 


Features Pinout 


¢ High Voltage Type (20V Rating) paaidterid 
TOP VI 


e Expansion to 8, 12, 16 ...4N Bits by Cascading Units 


° Medium Speed Operation B2 [1] 16] VDD . 
- Compares Two 4-Bit Words in 180ns (Typ.) at 10V A2 (2. 15] A3 
¢ 100% Tested for Quiescent Current at 20V (A= B)OUT [3| 14] BS 


A> B)OUT 
Standardized Symmetrical Output Characteristics (A> B)IN [4 13] (A> B) 
(A<B)IN [5| 12] (A< B)OUT 


e 5V, 10V and 15V Parametric Ratings (A= B)IN [6 | 11] Bo 


¢ Maximum Input Current of 1A at 18V Over Full Pack- At fo] Ao 
age Temperature Range; 100nA at 18V and +25°C 
| vss [8 9 | Bt 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 
- 2Vat VDD = 10V 


- 2.5V at VDD = 15V | Functional Diagram 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Ao 
Applications | Pee . 
¢ Servo Motor Controls e 
e Process Controllers = | 
oe cascapina J “”® ° 
Description | | INPUTS 9 A=B 
A<B 
CD4585BMS is a 4-bit magnitude comparator designed for 
use in computer and logic applications that require the com- BO 
parison of two 4-bit words. This logic circuit determines un» } BI 
whether one 4-bit word (Binary or BCD) is “less than”, “equal nee Tipe 
to” or “greater than” a second 4-bit word. B3 


The CD4585BMS has eight comparing inputs (A3, B3, 
through AO, BO), three outputs (A < B, = B, A> B) and three . VDD = 16 VSS =8 
cascading inputs (A < B, A = B, A > B) that permit system | 

designers to expand the comparator function to 8, 12, 16.. 

.4N bits. When a single CD4585BMS is used, the cascading 

inputs are connected as follows: (A < B) = low, (A = B) = 

high, (A > B) = high. | 


Cascading thses units for comparision of more than 4 bits is 
accomplished as shown in Figure 9. 


The CD4585BMS is supplied in these 16-lead outline pack- 


ages: 
Braze Seal DIP H4T 
Frit Seal DIP HIE 


Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3347 
Copyright © Harris Corporation 1992 7-1259 


Specifications CD4585BMS 


Absolute Maximum Ratings Reliability Information : : 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gia Qc 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V Flatpack Package .............66- 70°CWW 20°C/W 

DC Input Current, Any One Input. ....... Plea uemeuneeews +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............06. -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D,F,K,H ~ For Ty = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C. to +150°C Linearity at 12mMW/C to 200mW 

Lead Temperature (During Soldering) ............2008. +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum : Junction Temperature .. 2... . ccc cece cece ee eet ees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


- a -~GROUPA | — | 7 | 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 


Output Voltage VOL15 {VDD = 15V, No Load 


Input Leakage Current 


*I Input Leakage Current 


Pe 
8 
oO 


elelslelslél-|-[-{-[e]e{a)al- [| |=|é 
1] <[3)24 2/32] 131) ]= =e] l= ee 


ae ae 

ee a 

eae 

ee 

. 123 
ubutvotage | vORT5 [vO =16V.No Load tos) | 1.2.0 [ato, 1st, 5°] 1408. 
uputcuren (Sinn) | ols [vbo=ev.vour-cav [1 | wee [oss 
ouput Guren (Sri) | TLIO |vOD=16v, vouT=oav | 1 | ase [ta 
ouput Curent (Sink) | TOLIs |vOD= ev. vouT=tav | 1 | vaso a 
ubutcurent(Saue)] ToneA vob =sv,vouT=aaev [1 | ase 
Output Curent Sauce] TOHeB [VOD =sv, vouT=2sv | 1 | waste 
Output Current (Source)] IOH10 }VDD = 10V, VOUT = 9.5V Pr a ee oe 
OuputCuret(Soucey| 1OHIs [vDO=16v, vouT= tosv | 1 | ae 
P Threshold Voltage VSS = OV, IDD = 10pA a eb ee ee 

| 


: a VDD = 18V, VIN = VDD or GND © 
Input Voltage Low ViL |VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) fo 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


+25°C, +125°C, -55°C 
Input Voltage High VDD = 15V, VOH > 13.5V, . +25°C, +125°C, -55°C 
(Note 2) VOL < 1.5V | 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. | 


425°C, +125°C, -55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


7 LIMITS 
7 GROUP A 
PARAMETER _|SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE} MIN | MAX | UNITS 


Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | +258 | - | 600 | ns | 

Comparing TPL +125°C, -55°C 810 

Inputs to Outputs : 

Propagation Delay ee ee ee ee 

reve en Prasae | oe 
es ee ee ee 


TPLH2 


NOTES: 
~ 4. CL = 50pF, RL = 200K, Input TR, TF < 20ns. . 
2, -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


ey ee a a ee 
Supply Current VDD = 5V, VIN = VDD or GND 


-55°C, +25°C 
+125°C 
VDD = 15V, VIN = VDD or GND 
— VDD =5V,NoLoad 


LIMITS 


Pelle tele tell lL el Pe PPPS 


UNITS 


-55°C, +25°C 
—+125°C 
Output Voltage +25°C, +125°C, 
| Output Voltage VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
: -55°C 


Output Current (Sink) IOL5 | VDD = 5V, VOUT = 0.4V +125°C° 
-1,2 =; 


-55°C 
+25°C, +125°C, 


VOL 

VOL 

VOH 
~ 55°C 

VOH 

| 


+25°C, +125°C, 
‘Output Current (Sink) OL10 | VDD = 10V, VOUT = 0.5V 
Output Current (Sink) IOL1i5 {VDD = 15V, VOUT = 1.5V 
Output Current (Source) ce VDD = 5V, VOUT=4.6V_n 
Output Current (Source) OH5B ; VDD = 5V, VOUT =2.5V_ 


| 
Output Current (Source) | IOH10 }| VDD = 10V, VOUT =9.5V 


Output Current (Source) [en VDD =15V, VOUT = 13.5V 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V 


+125°C © 
65°C 


+25°C, +125°C, 
— -55°C 


A ® 
pO] & 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


oe —_ _ _— s LiMITS =| 
PARAMETER SYMBOL CONDITIONS — P eee | TEMPERATURE| MIN | MAX | UNIT 
Input Voltage High | VDD = 10V, VOH > 9V, VOL < 1V Cae +25°C, +125°C, (eee 
= 2 ; | 55°C . 


Propagation Delay _ VDD = 10V 
Comparing Inputs to i VDD = 15V 


Outputs. 
VDD = 10V 


ole ee ee 
Propagation Delay | 1.23 | Ease | 
so AC La MR I 

puts. | ae 
| | 123 | fee 
| 423 | aa 
= 


Cascading Inputs to Out- 
Transition Time |. TTHL |VvbD=1ov 
TTLH  \Vpp = 15V 
NOTES: | 


1. All voltages referenced to device GND.. 


- 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL= 50pF, RL = 200K, Input TR, TF <20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER. | SYMBOL UNITS 


VDD = 10V, ISS = -10pA 


VSS = OV, IDD = 10pA 


AVTP |VSS=O0V,IDD=10pA - 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 
2. CL= SOpF, RL = 200K, InputTR, TF<20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


a PARAMETER 
_ | Supply Current - MSI-2 
Output Current (Sink) 


Output Current (Source) 


ss TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 . 
- METHOD GROUP A SUBGROUPS _ READ AND RECORD 


Interim Test 1 (Post Burn-in). 100% 5004 ; . 4,7,9 - | IDD, 1OL5, |OH5A - 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Poawowet) _———*4d|toomsooe | gems | 
Troawoety «dt tou sooe | CTD CTCSCSC~*d 
Fates —~S~*dSCt SOC OCPSSCS*S 
[emus | Sampiosoos | _1.2,3,7.0q0n00001 | 
suogoupes | samposoos [sng TCS” 
eeu ~*~ Sampo sos | —ins 2,8, 0n,00,0 —‘([Sdgrowen ze 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS 


METHOD PRE-IRRAD POST-IRRAD © PRE-IRRAD POST-IRRAD 


Static Burn-in 1 3, 12, 13 1,2,4-11, 14, 15 
Note 1 
Static Burn-in 2 3, 12, 13 1,2,4-7,9-11, 
Note 1 14-16 
Dynamic Burn- 5-9, 11, 14, 15 1,4, 16 
In Note 1 . . 

3, 12, 13 1,2,4-7,9-11, 

14-16 


| 2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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OSCILLATOR © 
FUNCTION 9V + -0.5V 


o 
Oo 
Oo 
a 


CD4585BMS 


ne 
“8D 


FIGURE 1. LOGIC DIAGRAM 


VDD 


> 


= vss 

*INPUTS PROTECTED BY 
. CMOS PROTECTION 
NETWORK 


: (A <B)OUT. 


TRUTH TABLE 
INPUTS 


COMPARING — 


X = Don’t Care Logic 1 = High Level ~ Logic 0 = Low Level 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C —_ 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 10 5 

AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 
SUPPLY VOLTAGE (VDD) = 5V 3 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
[=] 


0 20 40 60 80. 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


-TO-SOURCE VOLTAGE (VGS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT | 


CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V F 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 20 40 - 60 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME (“COMPAR- 
ING INPUTS” TO OUTPUTS) AS A FUNCTION OF 
LOAD CAPACITANCE 
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CD4585BMS 


Typical Performance Characteristics (Continued) 


4 
cee 
Ss 4 
2. 2 
= 3 SUPPLY VOLTAGE (VDD) = 15V A 
6 10° 8 a A OS 
E , _i_titt_|_lili_l_ 
a PT a 
a Li TU LA 
G 10? .s tt tt at 
ed A 
& : 2 r | if 
-. LLU A A 
ro) 10 ¢ on ann me ar 4! = sa 
= ee le a” .7m 
= ‘Hae » a 
s COA 
LE IA 
: 2468 2 468 LU ie 2 468 
0.1 1 10 ~—- 10? 104 


| | CLOCK INPUT FREQUENCY (fiN) pe = 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK INPUT FREQUENCY 


Ao At A2 A3 | AA AS AG ATO AB AQ AIO Att 


VDD 


CD4585BMS _ 


| Ea aes 


(A= B)IN 
(A <B)IN 


CD4585BMS _ = - @D4585BMS 
(A> B)OUT ~ 


(A= B)OUT 


Bo B1 B2 B3_ | B4 BS B6 BT Bs BO B10 Bt1 


tp TOTAL = tp (COMPARE) + 2x tp (CASCADE), AT VDD = 10V_ 
a INPUTS INPUTS 


FIGURE 9. TYPICAL SPEED CHARACTERISTICS OF A 12-BIT COMPARATOR 


Chip Dimensions and Pad Layout 


Dimensions in parenthese are in millimeters and are 
= aust Hes - derived from the basic inch dimensions as indicated. 
is | = Grid graduations are in mils (10° inch). 

—, METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN | 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


—— 


re a= 
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December 1992 | | | CMOS 8-Bit Addressable Latch 
Features _ | Pinout 
e High Voltage Type (20V Rating) | - CD4724BMS 


TOP VIEW 


e Serial Data Input 

e Active Parallel Output 

e Storage Register Capability 

¢ Master Clear 

Can Function as Demultiplexer 

e Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


¢ Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 

¢ Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 
- 2V at VDD = 10V 
- 2.5V at VDD = 15V 


¢ 5V, 10V and 15V Parametric Ratings Functional Diagram 


¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” | 


WRITE DISABLE 
Applications , DATA 


e Multi-line Decoders 
© A/D Converters 


8 LATCHES 
re) 
@ 
LOGIC 


aa oe A2 Q5 
Description | as 
CD4724BMS 8-bit addressable latch is a serial-input, parallel- RESET a7 


output storage register that can perform a variety of functions. 


Data are inputted to a particular bit in the latch when that bit is VSS = 8 
addressed (by means of inputs AO, A1, A2) and when WRITE - 

DISABLE is at a low level. When WRITE DISABLE is high, data 

entry is inhibited; however, all 8 outputs can be continuously 

read independent of WRITE DISABLE and address inputs. 


A master RESET input is available, which resets all bits to a 
logic “0” level when RESET and WRITE DISABLE are at a high 
level. When RESET is at a high level, and WRITE DISABLE is 
at a low level, the latch acts as a 1-of-8 demultiplexer; the bit 
that is addressed has an active output which follows that data 
input, while all unaddressed bits are held to a logic “O” level. 


‘The CD4724BMS is supplied in these 16-lead outline pack- 
ages: 
Braze Seal DIP H4w 


Frit Seal DIP H1F 
Ceramic Flatpack H6W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3348 
Copyright @ Harris Corporation 1992 7-1267 


°. Specifications CD4724BMS — 


Absolute Maximum Ratings Reliability Information 


DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Oe 6. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
_ Input Voltage Range, All Inputs .......... . ..70.5V to VDD +0.5V Flatpack Package ...........+e.6. 70°C/W 20°C/W 
DC Input Current, Any One Input................ Dice pean he +10mA Maximum Package Power Dissipation (PD) at +125°C Pe 
- Operating Temperature Range..... Teor err -55°C to +125°C- —-- For Ty = -55°C to +100°C (Package Type D, F, K).......500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K) ......Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ..............200+ +265°C Device Dissipation per Output Transistor ......... eeeee 100MW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for _—_—- For T, = Full Package Temperature Range (All Package Types) 
10s Maximum | Junction Temperature ..... cece ccc eee cece cence HIVES 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


a | GROUP A eee ee 

PARAMETER |SYMBOL| — CONDITIONS(NOTE1) | |SUBGROUPS| TEMPERATURE 
Supply Current =| VDD=20V,VIN=VDDorGND | 1 | 428°C | 
. _{ 2 | +t25c 


aes 
VDD=18V,VIN=VDDorGND | 3 |  -55% | 
Input Leakage Current VIN=VDDorGND |vDD=20 | 1 | = 425% | -100 
won [3 
=20 ] 1 


Input Leakage Current VIN = VDD or GND 


VDD = 20 


vDD 
Output Current (Sink) | 1OL5 


Output Current (Sink) | 1OL15 [VDD = 15V, VOUT = 1.5V Le st. | 
VOD = 5V, VOUT = 4.6V a 


Output Current (Source) 
Output Current (Source) VDD = 5V, VOUT = 2.5V 


Output Current (Source) VDD = 10V, VOUT = 9.5V 


Output Current (Source)| IOH15 |VDD = 15V, VOUT = 13.5V 


P Threshold Voltage VPTH 


es _ —* 
& lds = 


VIH 


= 
Ss 
oS = 
ngs 
a 
ca 
cc) 
= 
o 
= 


ss 
3 
@ - 
Ns 
fp 
a 
@ 
= 
ca 
b= 


5 
ao] 
c 
-- 
< 
S 
is 
Vo} 
@ 
& 
= 


— 
= 
2 
o 
iS 

~~ 


Ss 
& 
S 
Fy 
a 
® 
a 
a] 
> 


(Note 2) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. . BE es 
2. Go/No Go test with limits applied to inputs. . 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUBGROUPS | TEMPERATURE 


Propagation Delay 
Data to Output - +125°C, -55°C 


Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Write Disable to Output TPLH2 4+125°C, -55°C 


Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND 


TPHL4 | VDD = 5V, VIN = VDD or GND 


eaieg ae +125°C, -55°C 
VDD = 5V, VIN = VDD or GND 
+125°C, -55°C 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
_ 2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS . 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


LIMITS 


-55°C, +25°C 
. +£125°C 
-55°C, +25°C 


+125°C 
-55°C, +25°C. 


+125°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
— 55°C 
2 +25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 


Output Voltage . 
Output Voltage 


mV 


V 


Output Voltage VDD = 5V, No Load 


VDD = 10V, No Load 
Output Voltage — 


= 
Bal 
Bl esc 


} 


veka ace anual 


: 


: 


m 
V 
V 

m 


A 


A 


-1.6 


ae 
es 
aa 
aoa 
aoa 
eed 
7 
il 
Pes 
Oey 
aoe 
as 
eed 
ieee 
ae 
ae 
faend 
= 
ee 
Lee 


BeUuauooe 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS 
Output Current (Source) ae VDD =15V, VOUT = 13.5V 


LIMITS 


lel f=l =) ele E =) elle) ee) Peis 


UNITS 


125°C 


= 
mi 
U 
2 
=] 
Cc 
Py 
m 


-55°C 
Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
, -55°C 
input Voltage High VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, | +7 
| | | -55°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
— +25°C 
+25°C 
+25°C 
+25°C 
+25°C . 
+25°C 


Propagation Delay 
aus en — 
Write Disable to Output TPLH2 
ee 


Propagation Delay TPHL4 | VDD=10V 

Address to Output TPLH4 VDD = 15V 

Transition Time TTLH |VDD=10V 
TTHL 


Minimum Address Pulse 
Width 


Tw [woo-sv Ss 


= 
— 
N 


Minimum Reset Pulse 
Width 


“ 
ol 


TW VDD = 5V 
VDD = 10V 


Minimum Data Setup 
Time Data to Write 
Disable 


VDD = 10V Z 
VDD = 15V 
Minimum Data Hold Time T VDD = 5V 
Data to Write Disable e 


N 
oi 


VDD = 5V 


NOTES: A 2, 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. | 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


Minimum Data Pulse 
Width 


at 
H 


N 
ol 


ALR 
ofa 


mT 


p 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 10V, ISS = -10pA 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF <20ns. . 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Sippy Curent-Msre | DD «(et 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 ont 
CONFORMANCE GROUP METHOD - GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, |OH5A 
Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 2 (Post Burn-in) 100% 5004 IDD, 1OL5, IOH5A 


Proawowt) «(tours stos | CTD | 
Poa) «dt oomsnoe | Gems PC*d 
FratTest ————~dt~—Coomsnoe [CeO OP CCSCSC~C~*S 
ee 
Sogaune 28,0101 


Group B 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 acd 


CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| Static Burn-in 2 
Note 1 


— Ad 
“Al he we ao (4) Qo 
7 —— AO 
po G — a a Ao 5 R 
0 , aa Al m = r: LATCHL _G) ae 
Al o> b> At ia i r LATCHT _G) as 
‘ a x J ; LATCHL (6) ay 
A2 Ae = Ho = we 4 
: . : , 7) we wo i a D Qs 
DATA o >_> D AI fe) WB AIHL® os 
Ao R 
- LATCH] (3) o7 


& . Ai A2 e 7 
WRITE @ > —>— 
pIsABLE (4) be. i WD ne 
. | 
RESET oe >_> RoR 


ADDRESS 
VSS «8 . WD 
VDD = 16 
vob DATA 
* ALL INPUTS ARE vss 
PROTECTED BY 
COS/MOS PROTECTION 


NETWORK 


FIGURE 1. LOGIC DIAGRAM OF CD4724BMS AND DETAIL OF 1 OF 8 LATCHES 
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Typical Performance Characteristics 


Ca cs 


2 GATE-TO-SOURCE VOLTAGE (VGS) = 15V g 
ig i 
e é 
3 B 
Se 20 e 
z z 
ws B 
: : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 =) 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = 425°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


o 
o 
Oo 
= 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS . 


AMBIENT TEMPERATURE (Ta) = +25°C 


200 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
oO 


gi 
oe 


0 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 °&# 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME (DATA TO FIGURE 7. TYPICAL TRANSITION TIME vs LOAD CAPACI 
QN) vs LOAD CAPACITANCE TANCE 
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Typical pariontianes Characteristics (Continued) 


7 AMBIENT TEMPERATURE (Ta) = +25°C 
i. 2) umn LOAD CAPACITANCE (CL) = 15pF 
> 10 o| = CL = 50pF . 
es 4 
SB 404 ? 
= - 6 
Sao? 
a 
es 
a 4 
8 102 2 
ec 6 
Sus 
— & tot? 
6 
4 
10° * 
- 2 468 2468 2468 2468 2 468 | 
10° 101 107 108 104 10° 
ADDRESS CYCLE TIME (1s) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION vs ADDRESS CYCLE TIME. 


QiA Q2A Q3A 
tir 
G4} w 


(t1 < t2) 


t1 
> T~<- CD4724BMS_~—Ss (X45) 
rt ied 
CONVERSION | (OG000D0® 
(2) ) +> {3) | Ths LSB. 
a i ae 
mS - Pt} 
OA _~ 100 2 
M>-O On ele iecs 
wr | yp |. Skee 
* cD4001 A & to. dbaeadhe | MSB 
**HYCOMP HC210SLD - 2R re ~) , catia = was 
OR EQUIVALENT .2 ‘ee Gal vanes an 
: eyo OOHOH 
ANALOG sues - oS Ka |. tL} 


FIGURE 9. A/D CONVERTER 
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OUTPUTS 
TO DISPLAY 


CD4724BMS 


MODE SELECTION 


ADDRESSED UNADDRESSED 
LATCH ~ LATCH 


Pe 0: i. 0. Follows Data Holds Previous State 


Follows Data (Active | Reset to “0” 
High 8-Channel 
Demultiplexer) 


| 1 | 0 [Holds Previousstate 
Lt | 1 [Resettorer | Resettoor 


WD = Write Disable R = Reset | | 
FIGURE 10. DEFINITION OF WRITE DISABLE ON TIME 


30% 


70% 


WD 70% 


~=— iW 


AO Qo DO 1 

Al Ql DO 2 

A2 Q2 po 3 

A3 wD Q3 DO 4 
DATA IN DATA Q4 DO 5 
CD4724BMS 5 DO 6 

Q6 DO 7 

Q7 Do 8 


wD 


DATA 
CD4724BMS 


QRRS BRAS 


*1/6 CD4069 R 


LOGIC 


VOD 


FIGURE 11. 1 OF 16 DECODER/DEMULTIPLEXER 


1/4 CD4016 IN/OUT 
CD4724BMS 0 1 2 


DATA Qo 
a _| | 
° i ; : a Oe 
DB 1 
a a a 
CD4724BMS IN/OUT 
2 
ae ra -» : Qis a a _ 


FIGURE 12. MULTIPLE SELECTION DECODING - 4 X 4 CROSSPOINT SWITCH 


o 


BRz 
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Chip Dimensions and Pad Layout 


=e ESE =F 
be taf, f 

ii 

wpe 


Eakig Oe 


i453 


95-103 | 
(2.413 - 2.616) 


4-10 
(0.102 - 0.254) 


"93-91 
—~"(2.108- 2.31) 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
"a8 indicated. Grid graduations are in mils (10° inch) 


 METALLIZATION: ‘Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

_. BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD40100BMS 


CMOS 32-Stage Static 
Left/Right Shift Register 


December 1992 
Features Description 
e High Voltage Type (20V Rating) CD40100BMS is a 32-Stage shift register containing 32 
° Fully Static Operation D-type master-slave flip-flops. 
The data present at the SHIFT RIGHT INPUT is transferred 
: Shift Left/Shift Right Capability into the first register stage synchronously with the positive 
e Multiple Package Cascading CLOCK edge, provided the LEFT/RIGHT CONTROL is at a 


Recirculate Capability 

LIFO of FIFO Capability 

100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Nolse Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized, Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

° Serial Shift Registers 

° Time Delay Circuits | | 

e Expandable N-Bit Data Storage Stack (LIFO Operation) 


low level, the RECIRCULATE CONTROL is at a high level, 
and the CLOCK INHIBIT is low If the LEFT/RIGHT 
CONTROL is at a high level and the RECIRCULATE 
CONTROL is also high, data at the SHIFT LEFT INPUT is 


transferred into the 32nd register stage synchronously with 


the positive CLOCK transition, provided the CLOCK INHIBIT 
is low. The state of the LEFT/RIGHT CONTROL, 
RECIRCULATE CONTROL, and CLOCK INHIBIT should not 
be changed when the CLOCK is high. 


Data is shifted one stage left or one stage right depending on 
the state of the LEFT/RIGHT CONTROL, synchronously with 
the positive CLOCK edge. Data clocked into the first or 32nd 
register states is available at the SHIFT LEFT or SHIFT 
RIGHT OUTPUT respectively, on the next negative CLOCK 
transition (see Data Transfer Table). No shifting occurs on the 
positive CLOCK edge if the CLOCK INHIBIT line is at a high 
level. With the RECIRCULATE CONTROL low, data in the 
32nd stage is shifted into the first stage when the LEFT/ 
RIGHT CONTROL is low and from the first stage to the 32nd 
stage when the LEFT/RIGHT CONTROL is low, and from the 
first state to the 32nd stage when the LEFT/RIGHT control is 
high. The CD40100BMS is supplied in these 16-lead outline 
packages: | | nk 


Braze SealDIP ss: HAT 
FritSeal DIP. H2R- 
Ceramic Flatpack _ H6W. . 


Tie - ae 


Pinout Functional Diagram 
CD40100BMS | | 
TOP VIEW 
LEFT/RIGHT 
CONTROL 


fa] LEFTRIGHT 
CONTROL | 

SHIFT RIGHT OUT 

SHIFT RIGHT IN 


RECIRCULATE. 
CONTROL 


NC = NO CONNECTION 


SHIFT RIGHT 


IN. OUT 


OUT 


VSS =8 
VDD = 16 


NC = 4, 5, 7, 10, 14, 15 


-. -RECIRCULATE 
CONTROL 


o 
Oo 
O 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


sty ane aiintaei FileNumber 3349 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input................. ccc eeees +10mA 

Operating Temperature Range................ -55°C to +125°C 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ..............045 +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum , a 


_ PARAMETER 


Input Leakage Current VIN = VDD or GND 


Input Leakage Current 


VIL 
VIH 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V_ | 


Input Voltage Low VIL 
(Note 2) . 


VIH 


VDD=18V,VIN=VDDorGND | 3 | 


VDD = 20 


VDD = 20V, VIN = VDD or GND 
HL 


< 
Oo 
Oo 
= 
Co 
< 


< 
Oo 
Oo 
i" 
ro) 
Ss 
< 
Oo 
Cc 
fos | 
Hl 
hd 
on 
=. 


VIN = VDD or GND VDD = 20 
i VDD = 


IOL5 {VDD = 5V, VOUT = 0.4V 
VDD = 10V, VOUT = 0.5V 


Functional F VDD =2.8V,VIN=VDDorGND | 
[VDD = 20V, VIN = VDD or GND 

VDD = 18V, VIN = VDD or GND 

|v0D=3V,VIN=VODorGND | 8 


Input Voltage Low VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) oe 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Input Voltage High 
(Note 2) . 


VDD = 3V, VIN = VDD or GND | 


VDD = 15V, VOH>13.5V, 


Specifications CD40100BMS_ 


~” Reliability Information 


Thermal Resistance ............-..- Gin 8 
Ceramic DIP and FRIT Package..... 80°C 20°C/W 
Flatpack Package ..........eeee0- 70°C/W 20°C/W 

Maximum Package Power Dissipation (PD) at +125°C 
For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

: Linearity at 12mMW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) _ 

Junction Temperature ........ cc ccc ec cee cence eeeeee +175°C 


LIMITS . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Me 3 GROUP A 
SYMBOL| CONDITIONS (NOTE 1) | {SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


es ee ee ee 


-55°C 
+25°C © 
+125°C 
-55°C | 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
— +25°C 


n 


BOBBGuE 


A 
nA 
nA 
nA 
nA 


Ee 
bad 
ross 
ae 


© 


425°C | -2.8 | -0.7 
425°C 07 | 28 | 


+25°C 

ORC VDD/2 | VDD/2 
+125°C 7 
55°C | 


+25°C, +125°C, -55° 


< 
2) 
= 
v 

< 
O 
4 
A 


je) 
@) 


2) 


425°C, +125°C, -55° 


+25°C, +125°C, -55° 


; 


©) 


+25°C, +125°C, -55° 


es} <} =} <] tt] }2 3) e]2 2} <fel= 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2)_| SUBGROUPS | TEMPERATURE cero UNITS 


Clock to Shift Left/Right ‘TPLH 10, 14 “#125°C, 55°C . 


Output 
+25°C 


+125°C, -55°C 
+25°C 
+125°C, -55°C 


>} 


NOTES: 
1. VDD = 5V, CL = 50pF, AL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
| Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


VDD = 15V, VIN = VDD or GND 

VDD = 5V, No Load 

VDD = 10V, No Load 

Output Voltage VDD = 5V, No Load 

Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 


Output Current (Sink) IOL5 VDD = 5V, VOUT = 0.4V +125°C 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
_-BS°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


425°C, +125°C, 
-55°C 

+25°C, +1 bers 
-55°C 


+25°C, +125°C, 95 
-55°C 


o 


Output Voltage 
awe Voltage 


37/3/31/23 
>| >| >| > 


Output Current (Sink) lIOL10 | VDD =10V, VOUT =0.5V +125°C 
Output Current (Sink) lOL15 | VDD = 15V, VOUT = 1.5V +125°C 
moe Current (Source) IOH5A. | VDD = 5V, VOUT = 4.6V +125°C 
guiput Current (Source) IOH5B | VDD= BV, VOUT = 2.5V 
Output Current (Source) VDD = 10V, VOUT = 9.5V 
Output Current t(Sourcel IOH15 | VDD =15V, VOUT = 13.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) | 


coms _| ns_[rarener a [ 3 | wr 
VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 


Propagation Delay 
Clock to Shift Left/Right 
+2 
+2 


TTHL | VDD=10V 


Maximum Clock Input FCL |}VDD=10V 
rey VDD = 15V | 


Minimum Data Setup 
Time 


+25°C 


_| '!nput Capacitance . CIN 
NOTES: 


1.. All voltages referenced to device GND. 


_ 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release.and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


= 
els 
N 


100 
5 


Minimum Data Hold Time 27 


75 


Minimum Clock Pulse 
Width Low Level 


Minimum Clock Pulse 
Width High Level 


Any input 7.5 


wT 
ae 


z 
<i< 
oO; 9 
oO; 0 
nt it 
3|2 
< 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL Sia | NOTES | TEMPERATURE 


[cars 
Cn [Max 

28 [02 
02 | 28 


UNITS 


& 


N Threshold Voltage AVTN | VDD =10V, ISS =-10pA +1 
Delta 
+1 


P Treshold Volage VSS=0v,10D= TA —~4 aa iY 


P Threshold Voltage AVTP ..|VSS = OV, IDD = 10pA +25°C 

Delta ~ 

Functional VDD = 18V, VIN = VDD or GND — +25°C VOH > | VOL < 
VDD = 3V, VIN = VDD or GND | Vee NODE 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETER _| SYMBOL |. ee NOTES |TEMPERATURE| MIN | MAX | UNITS 
Propagation Delay Time TPHL | VDD=5V 1,2,3,4 fiat i 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| [Supp curent-msi2 [00 [tom 
) 
[Ouput Curent Source) | 1OHSA_|#20%xPre-Test Roading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


100% 5004 
T PDAWows) ———~~SC*d?SC 0m 008 | CSC~*a Deas CYS 
T PDA(ow ty _——=—SC*d?Ct0 00H | SCs CE 
FnalTest——~—~S~S~s~C 00 | SCOOPS 
[Group ——~S~S~™«CS arto 8008 | 8,7, 8A0B.,IN | SSS—CS—S 
Sample 005 


SubgroupB-6 | Samples [L798 SCOTS CCCSC*C“C*‘*~C*” 
- Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1, 23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


| TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 
_ FUNCTION 


OSCILLATOR 
| 9V+-0.5V | SOkHz | 25kHz 
Static Burn-in 1 | 1,4, 5, 7,10, 12, | 2, 3, 6, 8, 9, 11, 13 
Note 1 14, 15 


Static Burn-In2 | 1, 4, 5, 7, 10, 12, 2, 3, 6, 9, 11, 
Note 1 14, 15 13, 16 
_ | Dynamic Burn- | 1, 5, 7, 10, 14, 15 9, 16 

In Note 1 
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‘TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS (Continued) — 


. a : 
FUNCTION OPEN . 9V+-0.5V 
| Irradiation 1,4, 5, 7, 10, 12, 2, 3, 6, 9, 11, 
Note 2 14, 15 13, 16 


NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 diceviatee 0 failures, 
VDD = 10V + 0.5V 


TABLE 9. DATA TRANSFER TABLE* 


INITIAL STATE CLOCK RESULTING STATE 


| ee 
DATA INPUT CLOCK INHIBIT | INTERNAL STAGE | LEVEL CHANGE | STAGE Q OUTPUT 


S 


¢ 


an 


0= Low Level 1=HighLevel X=Don'tCare NC =No Change 


* For Shift-Right Mode 
Data Input = SHIFT RIGHT INPUT (Term. 11) _ 
Internal Stage = Stage 1 (Q1) 
Output = SHIFT LEFT OUTPUT (Term. 4) 


For Shift Left Mode 

Data Input = SHIFT LEFT INPUT (T erm. 6) 
Internal Stage = Stage 32 (Q32) 
Output = SHIFT RIGHT OUTPUT (Term. eg 


TABLE 10. CONTROL TRUTH TABLE 


LEFT/RIGHT RECIRCULATE 
CONTROL CLOCK INHIBIT CONTROL . ACTION INPUT BIT ORIGIN 
Shift Left. Shift Left Input 


Shift Right . Stage 32 
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Logic Diagram 


9* 


SHIFT RIGHT SHIFT RIGHT 
"4 > Heel a 2 
INPUT 


CL 
LEFT/RIGHT a 


13* S$ 
CONTROL CL 
Ss 
RECIRCULATE = Fe STAGE 2 fal 
9* R 
CONTROL 5 
R $s 
BDWVVVRBVTUBEABRBEREEBABERY 
N STAGES 3-30 N 
* (ALLIDENTICALTO $ 
La STAGES 2 AND 31) 
$s CL CL S 
VDD 
= Hips Gol ae 
| 
7 cL 5 R o 
rb} 
vss O 
a STAGE 32 oud 
* ALL INPUTS ARE PROTECTED ° 
BY CMOS PROTECTION \/ R 
NETWORK 
CL SS RIGHT 
—_. 12 
sal il S ” OUTPUT 
INPUT 


FIGURE 1. 
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Typical Performance Characteristics | 


AMBIENT TEMPERATURE (Tq) = +25°C aa 


5 3 
é 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V s ; 
Lj Ww 
E 2 e 
3 3 
2” . 
; 15 = 
5 5 
Es 5 
0 10 5 | 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT _.. FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
7 CHARACTERISTICS " CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) : > DRAIN-TO-SOURCE VOLTAGE (VDS) “) 
A5 10 5 0 
asa TEMPERATURE (Ta) = +25°C q AMBIENT TEMPERATURE (Ta) = +25°C q 
TE-TO-SOURCE VOLTAGE (VGS) = -5V | 5 | GATE-TO-SOURCE VOLTAGE (VGS) 2 5V = 
| 7) 
7 E 
oc Lu 
« rd 
3 3 
FO Gr 
a 
x x 
Go 
: = 
: .@) 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 


LOAD CAPACITANCE (CL) (pF) _ LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME (CLOCK TO FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
SHIFT LEFT/RIGHT) AS A FUNCTION OF LOAD. . LOAD CAPACITANCE 


CAPACITANCE 
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Typical Performance Characteristics (Continued) 


8 
3) 
€ | SUPPLY VOLTAGE (VDD) = 15V % 
ray ? g| mm CL = 50pF ch 
z : nit! CL =15pF Wl ren 
cz 
2 eur 
F; 104 <O 
a. ‘ a 
7 
= so: 
= 4 mu w 2 
uu 2 ~ 295 
10° Zot 
5 Wok A]. 
a. 8 Hoes 
6 ZOSr 
4 afte 
2 $95 
10? 


2468 2468 2468 2468 2468 
10 10? 10° 104 


CLOCK INPUT FREQUENCY (fCL) (KHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


Timing Diagram 
CLOCK 


INPUT 


OUTPUT 


© 
© 
ve) 
a | 


FIGURE 9. TIMING DIAGRAM DEFINING SETUP, HOLD, AND PROPAGATION DELAY TIMES 


Chip Dimensions and Pad Layout 


re) 110 
90— | 
80— 
70— 
60— Dimensions in parenthesis are in millimeters and are deiivedttom 
the basic inch dimensions as indicated. Grid graduations are in mils 
so— (10° inch). | eee : 
87-95 
(2.210-2.403) 
40— METALLIZATION: Thickness: 11kA - 14kA, AL. 
ope PASSIVATION: 10.4kA - 15.6kA, Silane 
oe BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
1o— 
o— 


| "4-10 
(0.102-0.254) —io7-45 
(2.717-2.921) 
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CMOS 9-Bit Parity Generator/Checker 


December 1992 


Features | Pinout — 


e High Voltage Type (20V Rating)" © sell 
ye P VIEW 


¢ 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings — 


° Maximum Input Current of 1A at 18V Over Full Pack- | 
age Temperature Range; 100nA at 18V and +25°C 7 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Description 


The CD40101BMS is a 9-bit (8 data bits plus 1 parity bit) 
parity generator/checker. It may be used to detect errors in 
data transmission or data retrieval. Odd and even outputs 2 -. INHIBIT 
facilitate odd or even parity generation and checking. 


Functional Diagram 


VDD = 14 
Re dug ack VSS =7 
When used as a parity generator, a parity bit is supplied 


along with the data to generate an even or odd parity output. . Di 1 

When used as a parity checker, the received data bits and | . 

parity bits are compared for correct parity. The even or odd D2 2 | 
outputs are used to indicate an error in the received data. SuTpUy 
Word length capability is expandable by cascading. The D3 3 9 
CD40101BMS is also provided with an inhibit control. if the | 

inhibit control is set at logical “1”, the even and odd Suipus Ds 4 

go to a logical “0”. i? 2 | 

The CD40101BMS is supplied in these 14 lead outline Bs 10 

packages: “ 

Braze Seal DIP H4H Dé 11 

Frit Seal DIP H1B | 


Ceramic Flatpack H3W | opr ta 


CAUT ION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3350 
Copyright © Harris Corporation 1992 7-1286 


Specifications CD40101BMS 


Absolute Maximum Ratings : Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to +20V Thermal Resistance ................ Gia Gc 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C 20°C 

Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V  _—--: Flatpack Package ................ 70°CWW 20°C/W 

DC Input Current, Any One Input............. 2. cece ee cee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............66: -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H -_ For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mMW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum | | Junction Temperature ........ cc cece eee cece eee eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


HL VIN=VDDorGND- |VDD=20 
VDD = 18V 

VIN=VDDorGND- |VDD=20 
VDD = 18V 


VOL15 |VDD = 15V, No Load 


Output Voltage 

Output Voltage _ VOH15 
IOL10_|VDD = 10V, VOUT = 0.5V 

{Output Current (Source)} IOH5SA 


Input Voltage Low VIL |VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage High | VIH |VDD =5V, VOH > 4.5V, VOL < 0.5V 

(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, | 

(Note 2) . ; 

Input Voltage High. VIH_ =|VDD = 15V, VOH > 13.5V, 

(Note 2) . ; 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


PARAMETER 


TEMPERATURE 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
~ +25°C 
+25°C 
+25°C 
+25°C 
+25°C VOH > | VOL < 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55° 


Input Leakage Current 


Input Leakage Current 


‘@) 
“~ 
> 


2) 
° 
N fe) 
an 


© 
w 
©) 


+25°C, +125°C, -55° 


2) 


+25°C, +125°C, -55° 


< 
Oo 
at 
A 

a 
< 


2) 


?) 


+25°C, +125°C, -55° 


< 
O 
is 
A 
< 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS © 


PARAMETER SYMBOL| CONDITIONS (NOTE 1, 2) 
Propagation Delay TPHL1 | VDD =5V, VIN= VDD or GND © 
Data-In To Output TPLH1 


Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
Inhibit-In to Output TPLH2 rs | 


Transition Time | TTHL | VDD =5V, VIN = VDD or GND 
TTLH 


NOTES: 
1. CL. =50pF, RL = 200K, Input TR, TF <20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


PARAMETER | 


Supply Current 


GROUP A | 
SUBGROUPS | TEMPERATURE 
+25°C 
+125°C, -55°C 

425°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


10, 11 


10,11 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


SYMBOL CONDITIONS NOTES 
VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


LIMITS 


aleleleleP fell fe lr «Le PEEP P HE 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 
-55°C 
+25°C, +125°C, 

Cc 
+25°C, +125°C, 


VDD = 15V, VIN = VDD or GND 
VDD = 5V, No Load 


8 


Output Voltage 
Output Voltage 


y 


VDD = 10V, No Load 


y 
©) 


VDD = 5V, No Load 


+25°C, +125°C, 
-55°C 


+125°C 


+125°C 


Output Current (Sink) 1IOL10 | VDD = 10V, VOUT = 0.5V 
Output Current (Sink) IOL15.. | VDD = 15V, VOUT = 1.5V 
Output Current (Source) ae VDD = 5V, VOUT = 4.6V 


+125°C 
-55°C 
+125°C 


+125°C © 


VOL 
VOL 
VOH 
VOH 
ince eed ante 
sniecroe lial ionic 
ices Sol 


+125°C 


-+125°C 
55°C 


Output Voltage Lena 


Output Voltage VDD = 10V, No Load s 
Output Current (Sink) IOLS | VDD =5V, VOUT =0.4V ree 


Ls] 


VDD =15V, VOUT = 13.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL NOTES _| TEMPERATURE 
Input Voltage Low V VDD = 10V, VOH > 9V, VOL < . +25°C, +125°C, 
1V -55°C 
Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 1,2 425°C, +125°C, 
-55°C 


Vv 
Propagation Delay TPHL1 | VOD =10V 
Datato Output | TPLH1 VDD = 15V 


IL 

H 

Propagation Delay TPHL2 | VDD=10V 
Inhibit to Output TPLH2 VDD = 15V 
Transition Time TTLH | VDD = 10V 
Input Capacitance Any Input 

NOTES: 

_ 1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 


Supply Current | IDD | VDD = 20V, VIN = VDD or GND Pe oe 
N Threshold Voltage VDD = 10V, ISS = -10HA | 44] 425°C 
1,4 


Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 425°C 


P Threshold Voltage AVTP_ | VSS = OV, IDD = 10pA +25°C 
Delta 
F VDD = 18V, VIN = VDD or GND +25°C VOH > | VOL < V 
VDD = 3V, VIN = VDD or GND al decade 
Propagation Delay Time TPHL | VDD=5V +25°C : 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
_ 2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-wst2 | oo |zsqa 
[ouput Curent (Si | 1018 _|sa0%xPro-Test Reading 
[uiput Curent (Source) | 10H5A | 20%xPre-Test Reading 
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_. CONFORMANCE GROUP 


MIL-STD-883 
| METHOD GROUP A SUBGROUPS _ READ AND RECORD 
Initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5, IOH5A 7 


[roaqwes) + seonsoome | ureoeme 
[roaeue) | swonsoom | areoems 
CO 
mwa —S*d;CS arses | tarenwoaon | Ss 
ls a ee RCI 


~ >. TABLE 6. APPLICABLE SUBGROUPS ._-——_. 
NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2.. | 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


"TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


FUNCTION ers 
Static Burn-in 1 -5, 7, 8, 10-13 
Note 1 


15, 7,6, 


1.. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD=10V+0.5V oO ee a 
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Logic Diagram 


vio 
‘o02f>. 


vac] 
) D- 


rr pe > 


ps0 >. 
ps o>. 
p7 ol? p. 
ono]. 
poo5| >. 


= 
1) > 
ip 
o 
1)» 
=. 3 


)O _ INHIBIT 0 > 


EVEN VSS 
ouT 
a: i * ALL INPUTS ARE PROTECTED 

9 BY CMOS PROTECTION 
opp NETWORK 

[pf >" 
6 

TRUTH TABLE 


[ore | waar | even | 000 | 
ferezoaa | o [0 [1 
en ee 


X=Don'tCare Logic 1=High Logic 0 = Low 


FIGURE 1. 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C sd 


a 8 & 8 


= 
i=) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- 


ACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


10.0 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
_ ACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 15 -10 E 0. 
AMBIENT TEMPERATURE (Tq) = +25°C AMBIENT TEMPERATURE (Tq) =+25°C < 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V _ GATE-TO-SOURCE VOLTAGE (Vas) = 6V ; 
iB 
uu 
« 
is 
mo J 
= 
3) 
3 
= 
g 
it 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS | CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = wae} | 


10 


2468 2468 


z 
z Z 
a = 
a SUPPLY VOLTAGE (VDD) = 5V 2 
wi J 
F E 
a y 
8 = 
3 2 
g : 
a. 
10 20 30 40 50 60 05 20 40 60 80 100 
LOAD CAPACITANCE a oe , LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
2 FUNCTION OF LOAD CAPACITANCE : LOAD CAPACITANCE 
| y AMBIENT TEMPERATURE (Ta) = +25°C : 
= 10" 8 | SUPPLY VOLTAGE DD) = ty i 
=~ 4 
see 
; te | 
8 10° 8 B 
Eo 4 i 
a. 
GS 2 l 
on ar: a 
G 107 4 = = 
2 6 L a 
ee ! 
9 y 
= 8. r 1 I 
2 Hit 
3 
ay’ Imatil 
8 8 
0? 


INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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_ Chip Dimensions and Pad Layout 


72 -80 
(1.829 2.032) 


oa 


| eerwrr 


| 


A 


4-10 © =i 
(0.102-0.254) ha 
= 63-71 
~ 41-600=1.803) 


Dimensions in parenthesis are in millimeters and are 

derived from the basic inch dimensions as indicated. 

Grid graduations are in mils (10° inch). 
METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CMOS 8-Stage Presettable 
Synchronous Down Counters | 
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SEMICONDUCTOR 


aD 


‘December 1992 


Features 

e High Voltage Type (20V Rating) 

¢ CD40102BMS: 2-Decade BCD Type 

¢ CD40103BMS: 8-Bit Binary Type. 
Synchronous or Asynchronous Preset © 


Medium Speed Operation 
- {CL =3.6MHz (Typ) at 10V 


Cascadable . 
100% Tested for Quiescent Current at 20V | 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD =5V | 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 
5V, 10V and 15V Parametric Ratings 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

e Divide-By- “N” Counters 
e Programmable Times 

e Interrupt Timers 


e Cycle/Program Counter 


Pinout 
CD40102BMS, CD40130BMS 
TOP VIEW 

CLOCK [1 16] VOD 

eee SYNCHRONOUS 
eee HS! PRESET ENABLE 
CARRY IN/ 3 | CARRY OUT/ 

COUNTER ENABLE ZERO DETECT 


Jo [4] 13] U7 
Ji 15] 12] U6 
J216 41] JS 
J3 10} Ja 
vss [8 | 9] ASYNCHRONOUS 


PRESET ENABL 


Description 


CD40102BMS and CD40103BMS consist of an 8-stage syn- 
chronous down counter with a single output which is active 
when the internal count is zero. The CD40102BMS is config- 
ured as two cascaded 4-bit BCD counters, and the 
CD40103BMS contains a single 8-bit binary counter. Each 
type has control inputs for enabling or disabling the clock, for | 
clearing the counter to its maximum count, and for presetting 
the counter either synchronously or asynchronously. All con- 
trol inputs and the CARRY-OUT/ZERO-DETECT output are 
active-low logic. 


In normal operation, the counter is decremented by one 
count on each positive transition of the CLOCK. Counting is 
inhibited when the CARRY-IN/COUNTER ENABLE (CI/CE) 


inputs is high. The CARRY-OUT/ZERO-DETECT (CO/ZD) 
output goes low when the count reaches zero if the CI/CE 


input is low, and remains low for one full clock period. 


When the SYNCHRONOUS PRESET-ENABLE (SPE) input 
is low, data at the JAM input is clocked into the counter on 


the next positive clock transition regardless of the state of 
the CI/CE_input. When the ASYNCHRONOUS PRESET- 
ENABLE (APE) input is low, data at the JAM inputs is asyn- 
chronously forced into the counter regardless of the state of 
the SPE, CI/CE, or CLOCK inputs. JAM inputs JO-J7 repre- 
sent two 4-bit BCD words for the CD40102BMS and a single 
8-bit binary word for the CD40103BMS. 


When the CLEAR (CLR) input is low, the counter is asyn- 
chronously cleared to its maximum count (999 for the 
CD40102BMS and 255 9 for the CD40103BMS) regardless 
of the state of any other input. The precedence relationship 
between control inputs is indicated in the truth table. 


_ If all control inputs except CI/CE are high at the time of zero 
~ count, the counters will jump to the maximum count, giving a 


counting sequence of 100 or 256 clock pulses long. 


This causes the CO/ZD output to go low to enable the clock 
on each succeeding clock pulse. | 


The CD40102BMS and CD40103BMS may be cascaded 
using the CI/CE input and the CO/ZD output, in either a syn- 
chronous or ripple mode as shown in Figures 16 and 17. 


The CD40102MS and CD40103BMS are supplied in these 
16-lead outline packages: 


Braze Seal DIP *H4WSOTH4X 
Frit Seal DIP *HiL 8 tHIF 
Ceramic Flatpack H6W 
*CD40102B Only +CD40130B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


| | File Number 3351 
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Specifications CD40102BMS, CD40103BMS 


Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............... -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, Allinputs ............. -0.5V to VDD +0.5V 
DC Input Current, Any One Input............. ccc cee ences +10mA 
Operating Temperature Range..............6. -55°C to +125°C 
_ Package Types D, F, K, H . 

‘Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ...............6. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


= 18V, VIN = VDD or GND 


HL VIN=VDDorGND- |VDD=20V 


VDD = 18V 


VIN=VDDorGND- |VDD=20V 


VOL15 |VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 
VDD = 5V, VOUT = 0.4V 


Supply Current 


< 
oe) 
oO 


Input Leakage Current 


Input Leakage Current 


Output Voltage 


[ouiout Curent Si) 
[ouioutcurent Source) 


IOH5B: =| VDD = 5V, VOUT = 2.5V 


N Threshold Voltage | VNTH 
P Threshold Voltage 


| Input Voltage Low Vit, 
(Note 2) - 
Input Voltage High VIH 
(Note 2) 
Input Voltage Low VIL 
(Note 2) » a 
Input Voltage High VIH 
(Note 2) oo 


VDD = 15V, VOH > 13.5V, 


< 
oO 
= 
A 

oO 
< 


VDD = 15V, VOH > 13.5V, 


< 
O 
r 
A 

= 
oa 
< 


IOL10 |VDD = 10V, VOUT = 0.5V 
IOL15 {VOD = 15V, VOUT = 1.5V 
IOH5A = |VDD = 5V, VOUT = 4.6V 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, VOL < 0.5V 


Reliability Information 


Thermal Resistance Gia Oi, 
Ceramic DIP Package......... see. 80°C/W 20°C 
Flatpack Package ................ 70°CWW 20°C/W 

_ Maximum Package Power Dissipation (PD) at +125°C 
For Ty = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
| Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor ............... 100mW 
For T, = Full Package Temperature Range (All Package Types) 

Junction Temperature .......... Orr rrr saben +175°C 


LIMITS . 


+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C | 
+125°C 
-55°C 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+2 
2 


> 


oS 
a) 


=] =] t=] <t=/-|2/3/2]2/3)8]21=/2}e [+e] [se] 


Q,O 


14.95 


-_~ 
> 


VOH> | VOL < 
VDD/2 | VDD/2 
| 


+25°C, +125°C, -55°C 


-0.7 


j=) 
NX 


7 
7 
8A 
8B 


+25°C, +125°C, -55° 


425°C, +125°C, -55° 


Q 


2) 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


‘implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. | 
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_ Specifications CD40102BMS, CD40103BMS 


‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


| | oo GROUP A. | 
PARAMETER | SYMBOL] CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay | TPHL1 |VDD=5V,VIN=VDDorGND | 9 | 425°C 


Propagation Delay TPHL2 {VDD = 5V, VIN = VDD or GND 425°C. 
Carry In/Counter Enable | TPLH2 | ae, 


MIN 
aa 
Le 
Re 
Propagation Delay Fg — 425°C eee 
ei ea a 
ae 
foo 
a 
eae 
7 


TPHL3 | VD 


D = 5V, VIN = VDD or GND 
TPLH3 7 3 


Clear to Output = | 10,11 +125°C, -55°C 
| Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425°C 
ivan 1011 


+125°C, -55°C 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


‘TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 
| VDD = 10V, VIN = VDD or GND 


Pletal BPP PRES 


TEMPERATURE UNITS 
-55°C, +25°C 
+125°C 
-§5°C, +25°C 
+125°C 
-55°C, 425°C 
+125°C 


+25°C, +125°C, 
-55°C 


VDD = 15V, VIN = VDD or GND 
* | Output Voltage 


ooaed 
ene 
wk 
iia AS SL 
iia Ni ad 
alc WE et 
aise Kal cin Ml 
-55°C 
pees | pee | ae 
| ac Oe ae 
a ea I eae 
jeveannicels Col isoteaselald WGN rae x 
incase Hae! halla BEI 
ened 


| Output Current (Source) pane 


Output Current (Sink) 


oO 


Output Voltage 


65°C 


VOL 
VOL 
VOH 
VOH 
| +125°C 


‘ 
én s 
ot 
© i 
on 
3 


+ 
nok 
& 
) 
2) 


VDD = 5V, VOUT = 2.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| 
Output Current (Source) | VDD = 10V, VOUT = 9.5V 
ee ee 
Output Current (Source) VDD =15V, VOUT = 13.5V 
nk | | oe 
VIL | VDD = 10V, VOH > QV, VOL < 1V el *25°C, +125°C, 


Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 1,2 +25°C, +125°C, 7 

-55°C 
Propagation Delay TPHL1 | VDD =10V +25°C 
Clock to Output TPLH1 


VDD = 15V | +25°C 


& |S 
ho | 


Minimum ClI/CE Setup 
Time 


VDD = 5V 
VDD=10V -: 
VDD = 15V 


+25°C 
+25°C 
+25°C 


ri = 
| e2sc 
Propagation Delay TPHL2 | VDD=10V 
tt a Enable VDD = 15V 130 
Propagation Delay VDD = 10V | 600 | 
Asynchronous Preset En-| TPLH3 VDD = 15V 400 
able to Output 
Propagation Delay TPLH4 | VDD =10V | 360 | 
Clear to Output faa VDD = 15V | 200 | 
Transition Time TTHL1 | VDD = 10V | 100 | 
reteset se 
Maximum Clock Input FCL |VDD=10V | = | MHz 
Minimum SPE Setup Tsu | VDD =5V | 280 | 
oe VDD = 10V 140 
VDD = 15V 100 
| 425°C 
| 425°C 
| 25°C 
| 425°C 


Minimum Clock Pulse VDD = 5V +25°C 
Width VDD = 10V +25°C 
= 15V +25°C 


Minimum APE Pulse 
Width 


VDD = 5V 
= 10V 
= 15V 

TSU = 

| = 10V 

= 15V 


+25°C 
+25°C 
25°C 
+25°C 
+25°C 
+25°C 
+25°C 

= 10V 1,2,3 +25°C 
= 15V +25°C 
+25°C 
+25°C 
+25°C 


EEE 


<i<if<jici< < 
O1oO;Oror1o O 
O;TO;oO;oO];0 oO 

{ 

o 

< 


Minimum JAM Setup 
Time (Synchronous Pre- 
| Setting) a 


Minimum APE Removal 
| Time 


< 
O 
Lo) 
ul 

on 
< 


TREM 


N 


0 


<i< 
O10 
O;oO 


Minimum CLR Pulse 


Width = tov 


= 15V 


<i< 
O10 
i 


| i 
< 
oO 
© 
ul 
on 
< 
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Specifications CD40102BMS, CD40103BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


= i LIMITS 
PARAMETER SYMBOL} _—CONDITIONS laa TEMPERATURE| MIN | MAX | UNITS 


NOTES: ; . . | | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. Sec hes 


3. CL = S0pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | | —- eee _ | LIMITS 
PARAMETER —_| SYMBOL CONDITIONS _ NOTES | | TEMPERATURE 


_ MIN, | Max | 

Supply Current | DD | VDD =20V, VIN = VDD or GND | = | 28 | 
2a [02 

ee he 

02 | 28 

Hal Sok 


VDD = 10V, ISS = -10pA 
= +25°C VOH> | VOL < 
_ | VoD/2 | VDD/2 


, 
VSS = OV, IDD = 10pA 
VSS = OV, IDD = 10pA Le 
. 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 


VDD = 18V, VIN = VDD or GND 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns.~ ’ 4, Read and Record 


VDD = 3V, VIN = VDD or GND . 


VDD = 5V 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sop Gurent-wsr2 | oo [ria 
[oupurcurent (Sing | 1018 [20% Pre-Teat Reading 
[ouput Curent (Source) | 1OHGA | 20%xPreTost Reading 


. TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | | 
‘CONFORMANCE GROUP METHOD _GROUP A SUBGROUPS READ AND RECORD 


initial Test (Pre Bum-in) 100% 5004 ID, 1OL5, 1OH5A 
| Interim Test 1 (Post Burn-in) 100% 5004 IDD, 1OL5,1OHSA 


[POAWoet) ‘| toon soos | TDs 
[Powe «dt —toomsooe | Tbe PSSCSC~*d 
Frattet _———«dt~Ctoom oe | eNO SSCSC~S 


Group A 


Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) i 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Group B Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
GroupD = = —=——«sY:~s Sample 5005 1, 2,3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 
Pee READ AND RECORD 
CONFORMANCE GROUPS - METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


i OSCILLATOR 
FUNCTION 9v+-05V |  S50kKHz 


PART NUMBER CD40102BMS, CD40103BMS 


Static Burn-in 1 14 1-13, 15 
Note 1 


TABLE 7. TOTAL DOSE IRRADIATION 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dica/wafer, 0 failures, 
VDD = 10V + 0.5V 


Functional Diagram 


SPE 
APE 
CUCE 
CLR 


8 - STAGE 
DOWN 
COUNTER 


CD40102BMS, CD40103BMS 
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Logic Diagrams . | 
Jo Ja Ja : e 2 
* 14. * Ls. “ts} ss *._ Lz }-(se) 

[aaa aaa B 


CARRY OUT/ 
ZERO DETECT 


VSS 


*ALL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 


FIGURE 1. LOGIC DIAGRAM FOR CD40102BMS 
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Logic Diagrams (Continued) 


FF1 - FF7 D 
CCE 
* [3] 
J4 J5 J6 J7 
* 0 * * * (MSB) | 
A |. 
ee ee ee a 
ef | | BD 
. CARRY OUT/ 
ZERO DETECT 


a J J a 
FF6 FF7 : 
7 a aH 
- Ci cm _ 


TT | M | Mm | | ici 2 
|| | *ALL INPUTS ARE 
VDD PROTECTED BY COS/MOS . 
E ‘ PROTECTION NETWORK 


' FIGURE 2. LOGIC DIAGRAM FOR CD40103BMS 
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CD40102BMS, CD40103BMS 
TRUTH TABLE 


CONTROL INPUTS 
PRESET MODE ACTION 


ptt Lt J Synchronous inhibit Counter | 
a ee (ee es a 


Preset on next positive clock transition 
Asynchronous Preset Asynchronously 
| Clear to maximum count 


NOTES: 
1. 0 = Low Level 4. JAM inputs: CD40102BMS; 
1=HighLevel ~ - MSD =4J7, J6, J5, J4, (U7 is MSB) 
X = Don't Care LSD = J3, J2, J1, JO (J3 is MSB) 
2. Clock connected toclockinput = =«_—™ | CD40103BMS Binary; 


3. Synchronous operation: changes occur on negative-to-posi- MBS = J7, LSB = JO 


tive clock transitions 
*At zero count, the counters will jump to the maximum count on the next clock transition to “High” 


Typical Performance Characteristics 


g [eerpreiete TT) g [mmerfawenmdenanpe TT 
z | | - t 
: 2 on a ee ee 
E 30 GATE-TO-SOURCE VOLTAGE (VGS) = 15V = : 
WW Ww 
c 25 : 12.5 
8 20 ¢ 10.0 
5 & 
: 15 = 7.5 
iE 10 = 5.0 
E 5 3 2.5 
0 10 5 0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 $ 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS : CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = asc} | 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = 25°C 
LOAD CAPACITANCE (CL) = 50pF 


MAXIMUM CLOCK INPUT FREQUENCY (fCL MAX) (MHz) 


SUPPLY VOLTAGE (VDD) (V) 
FIGURE 9. TYPICAL MAXIMUM CLOCK INPUT FREQUENCY 
AS A FUNCTION OF SUPPLY VOLTAGE 


SUPPLY VOLTAGE (VDD) = 5V 


CO el 


meee ee 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
=) 
°o 


0 
10 20 30 40 


50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE (CLOCK TO CO/ZD) 


AMBIENT TEMPERATURE (Ta) = +25°C 08 ee ee 


8 | tr, tf z20ns : = 
RL = 200kQ J A | 
an 

k 4 


x 


; 
/ 
in 


TONSIL 


| 
Ly 
Val 
ae 
Na 


\ 


x 
x 
al 
mm 
He 
im 
a 


0 0 


POWER DISSIPATION /PACKAGE (PD) (uW) 


% 


INPUT FREQUENCY (fl) (kHz) 


FIGURE 10. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF FREQUENCY 
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Ci 
TO GATING 
cL TO GATING 
CL 
SPE 
SPE 


FIGURE 11. DETAIL LOGIC DIAGRAM FOR FLIP-FLOPS, FF0 - FF7, USED IN 
‘LOGIC DIAGRAMS FOR CD40102BMS AND CD40103BMS 


a TU ey 
ial PEE ae 
ual ee 
FER 
= PoC 
. Coe rH TTT 


” PPE TTT TT rr 


as a ag i a es (pcp ame Sag al 


CD40102BMS COUNT 99 | 98 3 2 1 Oo | 99 | 98 | 98 | 97; 8 7 6 § | 4 99 98 | 97 | 96 
CD40103BMS COUNT 255 | 254) 3 2 1 O | 255 | 254 | 254 | 253; 8 7 6 5 | 4] 255 | 254] 253 | 252 


FIGURE 12. TIMING DIAGRAM FOR CD40102BMS AND CD40103BMS 
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vDD vDD 


fOUT = 
fN-+ (N41) TIME-OUT 

J2 

I 3 
N COUNT DOWN 

J4 

I PRESET 

J6 

J7 fiN 

vss vss | | 
FIGURE 13. DIVIDE-BY- “N” COUNTER FIGURE 14. PROGRAMMABLE TIMER 


VDD 


TO 
MICROPROCESSOR 
INTERRUPT LINE 


FROM 
MICROPROCESSOR 
DATA BUS 
O 
PRESET TIMER Oo 
(VO COMMAND) Oo 
a | 


FIGURE 15. MICROPROCESSOR INTERRUPT TIMER 


oo CD4071BMS* 
CLOCK 


ENABLE 
CASCADED 
INPUT 


*An output spike (160ns at VDD = 5V) occurs whenever two or more devices are cascaded in the 
parallel-clocked mode because the clock-to-carry out delay is greater than the carry-in-to-carry 
out delay. This spike is eliminated by gating the output of the last device with the clock as shown. 


FIGURE 16. SYNCHRONOUS CASCADING 


CLOCK CASCADED 
ENABLE OUTPUT 
INPUT 

CLOCK 


VSs vss 


FIGURE 17. RIPPLE CASCADING 
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Chip Dimensions and Pad Layouts 
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CD40102BMS 
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CD40103BMS 


- Dimensions in parenthesis are in millimeters and are 
-: . derived from the basic. inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 


PASSIVATION: 


10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


FARRIS 


SEMICONDUCTOR 


wD 


December 1992 


Features 

e High Voltage Type (20V Rating) 

e Medium Speed fCL = 12MHz (typ.) at VDD = 10V 

¢ Fully Static Operation 

Synchronous Parallel or Serial Operation 

Three State Outputs (CD40104BMS) 

e Asynchronous Master Reset (CD40194BMS) 

e 5V, 10V and 15V Parametric Ratings 

¢ Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 


e Arithmetic Unit Bus Registers 

e Serial/Parallel Conversions 

e General Purpose Register for Bus Organized Systems 
¢ General Purpose Registers 


Description 


The CD40104BMS is a universal shift register featuring parallel 
inputs, parallel outputs, SHIFT RIGHT and SHIFT LEFT serial 
inputs, and a high impedance third output state allowing the device 
to be used in bus organized systems. 


In the parallel load mode (SO and S1 are high), data is loaded into 
the associated flip-flop and appears at the output after the positive 
transition of the CLOCK input. During loading, serial data flow is 
inhibited. Shift right and shift left are accomplished synchronously 
on the positive clock edge with serial data entered at the SHIFT 


RIGHT and SHIFT LEFT serial inputs, respectively. Clearing the |. 


_ register is accomplished by setting both mode controls low and 
clocking the register. When the output enable input is low, all outputs 
assume the high impedance state. 


The CD40194BMS is a universal shift register featuring parallel inputs, 
parallel outputs SHIFT RIGHT and SHIFT LEFT serial inputs, and a 
direct overriding clear input. In the parallel load mode (SO and S1 are 
high), data is loaded into the associated flip-flop and appears at the out- 
put after the positive transition of the CLOCK input. During loading, 
serial data flow is inhibited. Shift right and shift left are accomplished 
synchronously on the positive clock edge with data entered at the 
SHIFT RIGHT and SHIFT LEFT serial inputs, respectively. Clocking of 
the register Is inhibited when both mode contro! inputs are low. When 
low, the RESET input resets all stages and forces all outputs low. The 
CD40194BMS is similar to industry types 340194 and MC40194. 


The CD40104BMS and CD40194BMS series types are supplied in 
these 16 lead outline packages 


Braze Seal DIP *HNX, tH4W 
Frit Seal DIP *H1L, HIF © 
Ceramic Flatpack H6W 

* CD40104B Only = ¢CD40194B Only 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Pinouts 


CD40104BMS 
CD40194BMS 


CMOS 4-Bit Bidirectional 
Universal Shift Register 


CD40104BMS 
TOP VIEW 


OUTPUT ENABLE | 1| 
SHIFT RIGHT IN [2] 


Do [3| 14] Q4 
D1 4 13} Q2 
D2 [5| 12] Q3 
3 [6| 11] CLOCK 


'9] SELECT 0 


CD40194BMS 
TOP VIEW 


10} SELECT 1 
19} SELECT 0 


© 
O 
ve) 
= 


Functional Diagrams 
| CD40104BMS 


OUTPUT ENABLE 


SHIFT LEFT IN 
SHIFT RIGHT IN 


MODE SELECT 
VDD = 16 
VSS =8 


CLOCK 


CD40194BMS 
Reset — 


SHIFT RIGHT IN 


MODE SELECT S1 
VDD = 16 


VSS «8 


CLOCK 


FileNumber 3352 


Specifications CD40104BMS, CD40194BMS 


Absolute Maximum Ratings —s_y Reliability Information 
- DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Ba Gi. 
(Voltage Referenced to VSS Terminals) . | Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
~ Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............54 70°C/W 20°C/W 
_ DC Input Current, Any One Input. ....... 2... eee eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C . a 
Operating Temperature Range.............06- -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K).......500mW . 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mMW 
Lead Temperature (During Soldering) ............+ee0. +265°C _ Device Dissipation per Output Transistor ....... Saaciegt 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for. For T, = Full Package Temperature Range (All Package Types) 
10s Maximum | + eee | Junction Temperature ..... cates t deaancedleea Age uteaent .« +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


ee 
| ee 
VOD =18V,VIN=VDDorGND_ [| 3 | SSC 
li |VIN = VDD or GND —— 


VDD = 20V 
+125°C ts 


VIN=VDDorGND /|VDD=20V 


VIL . 


| 
Input Voltage High H  |VDD = 5V, VOH > 4.5V, VOL <0.5V 
(Note 2) : 
Input Voltage Low VIL {VDD = 15V, VOH > 13.5V, 
(Note 2) 
VOL < 1.5V 


vi 
VOL < 1.5V 

Input Voltage High VDD = 15V, VOH > 13.5V, 
VIN = VDD or GND 

-. [VOUT = OV 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 
_ 125°C 


VIN= VDD or GND |voD = 20v 
VOUT = VOD 2 [oa 


pee 
ee ee 


i=) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
~ implemented. . care is 0.050V max. oe ar = 
2. Go/No Go test with limits applied to inputs. : 4 ote 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ GROUP A 
PARAMETER | SYMBOL SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 
Clock to Q - TPLH [ (Note 1, 2) 


+125°C, -55°C 
Propagation Delay TPHL | VDD =5V, VIN = VDD or GND 
CD40194BMS Reset to Q (Note 1, 2) 
TPZH | VDD = 5V, VIN = VDD or GND 
TPZL | (Note 2, 3) 
TPLZ 


+125°C, -55°C 
Propagation Delay TPHZ | VDD =5V, VIN = VDD or GND 


CD40104BMS 3-State (Note 2, 3) 


Transition Time TTHL [VDD=5V,VIN=VDDorGND | 9 | 
ibaa Lace 1011 


Maximum Clock Input FCL VDD = 5V, VIN = VDD or GND 
Frequency (Note 1, 2) 


+125°C, -55°C 
NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


+125°C, -55°C 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. VDD = 5V, CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


Propagation Delay 
CD40104BMS 3-State 


270 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES 


Supply Current VDD = 5V, VIN = VDD or GND 
; VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


LIMITS 


TEMPERATURE 
-55°C, +25°C 
_ +125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


+25°C, +125°C, 
-55°C 


UNITS 


m 
m 
m 


BSS [5/5 


& 


Output Voltage VDD = 5V, No Load es 
Output Voltage +25°C, +125°C, 
-55°C 
Output Voltage VDD = 5V, No Load +25°C, +125°C, 4.95 


VDD = 10V, No Load 


eee es VDD = 10V, No Load +25°C, +125°C, 
VDD = 10V, VOUT =0.5V 
Toten 
VDD = 5V, Tour = 4.6V ) 


+125°C 
_ 65°C 
+125°C 
-55°C 
+125°C 2.4 
55°C 
+125°C 
-55°C 


Le 
1?) ?] 


VDD = 5V, VOUT = 0.4V 


> 


>| > 


VOL V 
VOL | V 
VOH V 
VOH Vv 
A 
A 


>| 5 


> 
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Specifications CD40104BMS, CD40194BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


E 7 ) LIMITS 
PARAMETER |SYMBOL| —_ CONDITIONS. NOTES |TEMPERATURE| MIN | 
Output Current (Source) | IOH5B | VDD =5V, VOUT =2.5V mae +125°C 
Output Current (Source) or = 9, +125°C 
Output Current (Source) me VDD =15V, VOUT = 13.5V 


UNITS 


+125°C | 
-55°C 


+25°C, +125°C, 
- 55°C 


425°C, +125°C, | 7 
-55°C 


+25°C 
+25°C 


< 
Ss 
o 
S 
< 
< 
re) 
Cc 
— 
ive) 
oO 
< 


sisi 
© .@) 


Input Voltage Low VDD = 10V, VOH > 9V, 
eee VOL < 1V | 
Input Voltage High VDD=10V, VOH>9V, 
; VOL <1V 
Propagation Delay TPHL =10V 
ClocktoQ TPLH ~ 15V | 


VIL 
VIH 


< 
2) 
Oo 


N 


flelefele ED) fle ED) lee! | eee 


140 


Propagation Delay TPLH - +25°C 
CD40194B Reset to Q TPHL 425°C 
Propagation Delay TPZH +25°C 70 
CD40104BMS 3-State lhe 425°C 
Propagation Delay TPHZ +25°C 
Transition Time TTHL | VDD=10V +25°C 
| TTA Von = 15v +25°C 
Minimum Data Setup TS = +25°C 


Time, DO, D3, SRIN, 
SLIN to Clock . 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD=15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


“ 
oO 


Minimum Data Hold Time 
DO, D3, SRIN, SLIN to 
Clock. 


Minimum Clock Pulse 
Width 


_ 
foe] 
oO 


TRCL 
TFCL 


Maximum Clock Rise and 
Fall Time. 


o) 


‘Minimum Data Setup 
Time 

Select 1, Select 0 to 
Clock 


Minimum Data Hold Time 
Select 1, Select 0 to 
Clock 


< 
Oo 
Oo 
1 
33) 
< 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| PARAMETER ~—‘| SYMBOL 


Minimum Reset Pulse TW 


Width CD40194BMS 


| Input Capacitance CIN Any Input 


NOTES: 
_ 1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
_ 3. CL =50pF, RL = 200K, Input TR, TF < 20ns. 
. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


PN 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 
| IDD VDD = 20V, VIN = VDD or GND 


| N Threshold Voltage VNTH | VDD = 10V, ISS =-10pA 


N Threshold Voltage VDD = 10V, ISS = -10HA 
Delta 


| VIP |VSS=0V, IDD = 10nA 


VIP 
VSS = OV, IDD = 10pA 
F 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL | VDD=5V +25°C 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


"425°C VOH > 
VDD/2 


o 
Oo 
oO 
= 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Sippy ouren-wsie | o> etm 
+ 20% x Pre-Test Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 , | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS -READ AND RECORD | 


cmmemCEaNE 
[Pon wots) | —sooesooe | arabes 
Faves | sommsooe | —aaenesan pO 
[cous | Sanwiesoos | aBarencasian ~ 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


. TABLE 7. TOTAL DOSE IRRADIATION. ) 


MiL-tD-083 READ AND RECORD 


CONFORMANCE GROUPS METHOD _ PRE-ARRAD POST-IRRAD . PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| | SCILLATOR 
FUNCTION VDD 


CD40104BMS, CD401948BMS_) 
Static Burn-in 1 
Note1 = | 
1-7, 9-11, 16 
1 2 , 


-7, 9-11, 16 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD=10V+0.5V_ a . «8 oo = 
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Logic Diagrams 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


— 
S 
om 
od 


mm aoe ao oso 


OUTPUT 
ENABLE . ( 
| 
Shift Right (Q0 toward Q3) — 
Shift Left (Q3 toward QO) 
Parallel Load 
Operations occur as shown above, 
but outputs assume high impedance 


X=Don'tCare 1=Highlevel 0=Lowlevel * Level change 


FIGURE 1. CD40104BMS 
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Logic Diagrams (Continued) 


i: 
SHIFT 
rice $50] 


nd et 


pos >. 


f 
Hi 
A 


9 . 
; aoe 
Y 
= ied Lee 


vss 
RESET 6 a ok 7 
’ co * ALL INPUTS ARE PROTECTED 
m BY CMOS PROTECTION 
CLOCK pha NETWORK _ a 
* i 
as Pe Hi - > 
sot : Pe 7 
D 
: 5 EE 
ce} 
a 
as | Fal 
10 B 3 
B 
E | 
> H bad a0 
i ae CONTROL TRUTH TABLE 
SHIFT LEFT * = : 
NUTS 
E 


'tCare 1=High level O=Lowlevel * Level change 


X= 


g 


FIGURE 2. CD40194BMS 
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Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = 425°C La 


Ss oR & 


OUTPUT LOW (SINK) CURRENT (10L) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. TYPICAL N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. TYPICAL P-CHANNEL OUTPUT HIGH (SOURCE) 
CURRENT CHARACTERISTICS 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 
TION OF LOAD CAPACITANCE, (CLOCK TO Q) 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4.. MINIMUM N-CHANNEL OUTPUT LOW (SINK) 
CURRENT CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


© 
© 
oO 
— 


_ OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 6. MINIMUM P-CHANNEL OUTPUT HIGH nner! 
CURRENT CHARACTERISTICS 


A 
r 
e. 
= 
Ww 
= 
Foal 
: 
z 
< 
EF 
0 
0 20 #40 +460 80 °# 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


SUPP 


a Hit 


SAS 5 
CL = 50pF - 
ae 


2468 2 468 2 468, 2 468 2 468 


0.1 1 10 107 10° 104 | 
FREQUENCY (6) (kHz) 


FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF FREQUENCY 


TYP. DYNAMIC POWER DISSIPATION (PD) (u 


Chip Dimensions and Pad Layouts 


eo 


wee eaten a 


92-100 “h ‘tio. =F ; == = E . 
mS VE eae | 92-100 
(2.337-2.540) raat) | (eaten SS STL 3837199,,) 


a 
eee 


- 4-10 a . 4-10 
10.102-0.254) on (0.102-0.254) 


(2.388-2.591) 


(2.388- 2550 


CD40104BMS._ ca CD40194BMS 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane. - 

_- BOND-PADS: 0.004 inches X 0.004 inches MIN 
_ DIE THICKNESS: 0.0198 inches - 0.0218 inches _ 
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Features 


e 4Bits x 16 Words | 

High Voltage Type (20V Rating) 

e Independent Asynchronous Inputs and Outputs 

e 3-State Outputs | 

e Expandable In Either Direction | 

e Status Indicators on Input and Output 

e Reset Capability 

e Standardized Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature renge) 
= 1Vat VDD =5V 

- 2Vat VDD =10V | 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 

Applications 

¢ Bit Rate Smoothing 

e CPU/Terminal Buffering 

e Data Communications 

Peripheral Buffering 

Line Printer Input Buffers 

e Auto Dialers 

e CRT Buffer Memories 

_ Radar Data Acquisition 


CD40105BMS 


CMOS FIFO Register 


Description 


CD40105BMS is a low-power first-in-first-out (FIFO) “elastic” 
storage register that can store 16 4-bit words. It is capable of 
handling input and output data at different shifting rates. This 
feature makes it particularly useful as a buffer between an 
chronous systems. | 


Each word position in the register is clocked by a eontral flip- 
flop, which stores a marker bit. A “1” signifies that the posi- 
tion’s data is filled and a “O” denotes a vacancy in that posi- 
tion. The control flip-flop detects the state of the preceding 
flip-flop and communicates its own status to the succeeding 
flip-flop. When a control flip-flop is in the “O” state and sees a 
“1” in the preceding flip-flop, it generates a clock pulse that 
transfers data from the preceding four data latches into its 
own four data latches and resets the preceding flip-flop to 
“O”. The first and last control flip-flops have buffered outputs. 
Since all empty locations “bubble” automatically to the input 
end, and all valid data ripple through to the output end, the 
status of the first control flip-flop (DATA-IN READY) indicates 
if the FIFO is full, and the status of the last flip-flop (DATA- 


OUT READY) indicates if the FIFO contains data. As the 
earliest data are removed from the bottom of the data stack 
(the output end), all data entered later will automatically 


propagate (ripple) toward the output. — 


Loading Data - Data can be entered whenever the DATA-IN 
READY (DIR) flag is high, by a low to high transition on the 
SHIFT-IN (SI) input. This input must go low momentarily 
before the next word is accepted by the FIFO. The DIR flag 
will go low momentarily, until that data have been transferred 
to the second location. The flag will remain low when all 16- 
word locations are filled with valid data, and further pulses 
on the SI input will be ignored until DIR goes high. 


Continued on next page 


Pinout rere Functional Diagram 
| TOP VIEW 3-STATE | 
3-STATE | -. CONTROL 
CONTROL -_ 
pir [2! Do a 
si D1 el 
D2 Q2 
Do | 4| D3 Q3 


DATA-OUT 
READY 
DATA-IN 
READY 


SHIFT IN 
SHIFT OUT 


VDD = 16 
VSS #8 


MASTER 
RESET - 


o 
0) 
Oo 
= 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3353 
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Unloading Data - As soon as the first word has rippled to 
the output, DATA-OUT READY (DOR) goes high, and data 
can be removed by a falling edge on the SO input. This fall- 
ing edge causes the DOR signal to go low while the word on 
the output is dumped and the next word moves to the output. 
As long as valid data are available in the FIFO, the DOR sig- 
nal will go high again signifying that the next word is ready at 
the output. When the FIFO is empty, DOR will remain low, 
and any further commands will be ignored until a “1” marker 
ripples down to the last control register, when DOR goes 
high. Unloading of data is inhibited while the 3-state control 
input is high. The 3-state control signal should not be shifted 
_ from high to low (data outputs turned on) while the SHIFT- 
OUT is at logic 0. This level change would cause the first 
word to be shifted out (unloaded) immediately and the data 
to be lost. 


Cascading - The CD40105BMS can be cascaded to form 
longer registers simply by connecting the DIR to SO and 
DOR to SI. In the cascaded mode, a MASTER RESET pulse 
must be applied after the supply voltage is turned on. For 
words wider than 4 bits, the DIR and the DOR outputs must 


Logic Diagram 


MASTER (2) 


RESET 


o> 


POS 1 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK — 


be gated together with AND gates. Their outputs drive the SI 
and SO inputs in parallel, if expanding is done in both direc- 
tions (see Figures 9 and 11). 


3-State Outputs - In order to facilitate data busing, 3-state 
outputs are provided on the data output lines, while the load 
condition of the register can be detected by the state of the 
DOR output. 


Master Reset - A high on the MASTER RESET (MR) sets all 
the control logic marker bits. to “0”. DOR goes low and DIR 
goes high. The contents of the data register are not 
changed, only declared invalid, and will be superseded when 
the first word is loaded. The shift-in must be low during Mas- 
ter Reset. 


The CD40105BMS is supplied in these 16-lead outline pack- 
ages: 


Braze Seal DIP H4X 
Frit Seal DIP H1F 
Ceramic Flatpack H6W 
: 2 & 
DATA IN READY SHIFT (is) (4) 3-staTE 
(DIR) OUT J] T . CONTROL 


VV “enastey 


(13)a0 
(2)a1 
41) a2 
Ory 


POS 3 
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Specifications CD40105BMS 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance ................ Gi Oi. 
(Voltage Referenced to VSS Terminals) | Ceramic DIP and FRIT Package..... 80°C 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............006. 70°C/W 20°C/W 
DC Input Current, Any One Input............. cece ce eee ees +10mA Maximum Package Power Dissipation (PD) at +125°C . 
Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H _ For Ty = +100°C to +125°C (Package Type D, F,K)...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) .............006. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature... cece cece eee c eee neee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS 
| . | VDD = 20V, VIN = VDD or GND 


LIMITS 


BysleL <| << <1 <l=={2/3]3)3]2/ 213) <2] [5] ffs] =} le /5]5 


TEMPERATURE 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 


VDD = 18V, VIN = VDD or GND 


VIN=VDDorGND {|VDD=20 
VDD = 18V 


VIN=VDDorGND- |VDD=20 


Input Leakage Current 


+ 

Nm 
% 
Q 


Input Leakage Current 


+ 
—_ 
ND 
4B 
(@) 
¢ 
on 
oO 
° 
@) 

So _- 

N“ > 


VDD = 18V 


nO 
4 
QO 


: , 55°C 


Output Voltage 


VOL15 }|VDD = 15V, No Load 
Output Voltage V 


co 

0110 | 
ous | 
ora | 
oe | 
onto 


no 
ou 

() 
i?) 
+ 
—_ 
we) 
a) 
2) 


© 
~J 


QO 


Output Curent (Soure) [ao 
OutputCurrent(Source)| TORTS |VDD=16v, VOUT= 135 
es = 5V, +25°C, +125°C, -55°C 


HL 
F 

Input Voltage Low | VIL |VDD=5V, VOH>4.5V, VOL<0.5V 
(Note 2) i | 
Input Voltage High _ VIH_ |VDD=S5V, VOH > 4.5V, VOL <0.5V 
(Note 2) 

Input Voltage Low (Note VDD = 15V, VOH > 13.5V, VOL < 1.5V 
2) 

Input Voltage High VIH | VDD = 15V, VOH > 13.5V, VOL < 1.5V 
(Note 2) 

Tri-State Output lOZL |VIN=VDDorGND |VDD=20V 
Leakage _ [VOUT = OV : 


+25°C, +125°C, -55° 


425°C, +125°C, -55° 


2) 


+25°C, +125°C, -55° 


+25°C 
+125°C 


QO 


i 
Q 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A | ae 
PARAMETER ‘| SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


wow] 3 | =o | - | oa[m, 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. . 
2. Go/No Go test with limits applied to inputs. 4. VDD = 2.8V/3.0V, RL = 100K to VDD 
, VDD = 20V/18V, RL = 10K to VDD 


LIMITS 


UNITS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| 
Propagation Delay §=—Ss—- | . TPHL2__ | VOD = 5V, VIN = VDD or GND 
Shift In to Data-In Ready |. (Note 1, 2) 
| 
Propagation Delay T 
+125°C, -55°C 
Transition Time TTHL | VDD =S5V, VIN = VDD or GND 
TTLH | (Note 1, 2) 


oe 
ae 
oe 
A011 
Propagation Delay TPLH3 |VDD=5V,VIN=VDDorGND | 9 | 
dag oat Delay !n- (Note 1, 2) | 10,11 | +1250, 55°C | 
3-State Control to Data ae 
ee 
1041 
Maximum Shift-In or FCL VDD =5V (Note 1, 2), | og 
| 1014 


Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Shift Out or Reset to _| (Note 1, 2) 
Data-Out Ready 

+125°C, -55°C 

PZH | VDD =5V, VIN = VDD or GND 
(Note 2, 3) | 

Out 7 : 

+125°C, -55°C 
Shift-Out Rate VIN = VDD or GND 7125°C, 55°C 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF <20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _| SYMBOL ae NOTES | TEMPERATURE 


-55°C, +25°C 
+125°C 


oe VDD = 10V, VIN= VDD or GND 
=" 
boc 


LL PBP Pb 


U 


VDD = 15V, VIN = VDD or GND 
inane 
-55°C 


+25°C, +125°C, 
-55°C 

VDD = 5V, No Load So +25°C, +125°C, 
| -55°C 


Output Voltage 


Output Voltage | 
Output Voltage —_ 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS | . 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Output Voltage VOH {VDD = 10V, No Load +25°C, +125°C, V 


-55°C 
Output Current (Sink) IOL5 +125°C 
-55°C 
Output Current (Sink) 1OL10 +125°C 
-55°C 
Output Current (Sink) IOL15 +125°C 
-55°C 
Output Current (Source) IOH5A 
Output Current (Source) IOH5B- s+} VDD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 | VDD =10V, VOUT = 9.5V 
Output Current (Source) IOH15 


3 
> 


VDD = 5V, VOUT = 0.4V 


| 


VDD = 10V, VOUT = 0.5V 


> 


VDD = 15V, VOUT = 1.5V 2.4 


+125°C 
-55°C 

+125°C 
-55°C 

+125°C 
-55°C 

+125°C 
-55°C 


VDD = 5V, VOUT = 4.6V 
-0.64 mA 
“1.15 mA 


—_ 
N 


Nh 
BN 


VDD =15V, VOUT = 13.5V 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 
-55°C 
Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V +25°C, +125°C, 7 V 
-55°C 


TPHL1 | VDD =10V +25°C 


= 15V 1,2,3 +25°C 


Propagation Delay 
Shift or Reset to Data Out 


Ready ee 


VOD = 10V +25°C 
VDD = 15V 1,2,3 +25°C 


Propagation Delay Ripple | TPLH3 


through Delay Input to 


Output 
| Propagation Delay TPHL2 | VDD =10V 
Shift-In to Data-in Ready VDD = 15V 


Propagation Delay TPHL4 | VDD =5V 
Shift Out to QN Out TPLH4 


1.4 


2 


© 
© 
ro) 
— 


+25°C 
+25°C 
+25°C 
VDD = 10V 1,2,3 +25°C 
VDD = 15V +25°C 
VDD = 10V +25°C 
VDD = 15V 1,2,4 +25°C 


{e>) 


O 
O 


- 


TPZH 
TPZL 


Propagation Delay 
3-State Control to Data 
Out 


Propagation Delay 
3-State Control to Data 
Out 


Maximum Shift-In or ~ FOL 
Shift-Out Rate. 


Maximum Shift-In or TR 
Shift-Out Rise Time 


+25°C 
+25°C 


VDD = 10V 
= 15V 


+ 
vu 
NW 


= 


N 


VDD = 10V 
VDD = 15V 
VDD = 5V 

VDD = 10V 
VDD = 15V 


+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 


MHz 


oO 
i) 


Maximum Shift-In Fall TF 


Time 


< 
1) 
Oo 
HT} 

oO 
< 


VDD = 10V 
VDD = 15V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
PARAMETER ai _ CONDITIONS : ae. TEMPERATURE | MIN | UNITS 
Maximum Shift-Out Fal | TF [VDD =5V a ae 


Tie 
ms 


Minimum Master Reset 
Pulse Width 


Data-iIn Ready Pulse 
Width 


Data-Out Ready Pulse 
Width 


+2 


Minimum Shift Out Pulse 


Width 75 


Minimum Data Setup 
Time 


+25°C 


Minimum Data Hold Time 


Minimum Shift in Pulse 
Width 


Input Capacitance 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. _ 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
4, CL = 50pF, RL = 1K, Input TR, TF <20ns. 


75 


rs) 
<i< 
os Ro) 
O;To 
niu 
ala 
S < 


Ls 
ps 
|e | 
ee 
Za 
7 
ps 
prs 
oa 
ees 
a 
| ns 
| ns 
pms 
i ie 
pons 
a 
ae 
am 
oe 
Le 
|r 
Le! 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


mwweren [oro 
|IDD 


PTreshld Vetage Dota AVTP _[VSS=0V, DD = 10a 


Functional | VDD = 18V, VIN = VDD or GND 
See DD = 3V, VIN = VDD or GND 


VDD = 20V, VIN = VDD or GND 
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TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS — 


LIMITS 
PARAMETER SYMBOL cies NOTES |TEMPERATURE| MIN | MAX | UNITS 
TPHL |VDD=5V +25°C 1.35 x 
TPLH +25°C 
| Limit 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = S0pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record . 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Curent-wsr2 [00 |eswa 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Powe) __——*dt too stos | Oem | 


[Pawwows) ‘(| soomsoos | —invbomas PSC 
Foaitet ——*d«C~—Ctoom soon fC PSS 
[Groups| Samplesoos | 4.2.a,7,0n00,01007 | 
a ao i 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroups 1,23 


TABLE 7. TOTAL DOSE IRRADIATION 


| MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 [soos a79 | taes [4.9 | _Tabes 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 


1,3-7,9, 15, 16 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size Is 4 dice/wafer, 0 failures, VDD 
= 10V+0.5V 
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Typical Performance Characteri tics 
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FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 
FUNCTION OF FREQUENCY 
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FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


CD40105BMS 


OUTPUT . 


INPUT 
BUFFERS BUFFERS 
DO (4) (13) Qo 
D1 > 4x16 > at 
© a Ly 
p2 (6) REGISTER 41) a2 


D3 
w) DIR MR SO DIR MR SO 
DATA-IN 3-STATE , 
READY (DIR) CONTROL 
© << CONTROL LOGIC i 44) 
DATA-OUT 
a READY (DOR) — 
SHIFT IN (SI) RESET (MR) SHIFT OUT (SO) 


FIGURE 8. CD40105BMS FUNCTIONAL BLOCK DIAGRAM 


FIGURE 9. EXPANSION, 4-BITS WIDE-BY-16 N-BITS LONG 


MASTER 
RESET 
SHIFT IN 
(DATA VALID) 
INPUTS SHIFTAN PULSES 
HAVE NO EFFECT s 
G} 
Oo 
SHIFT OUT = 
SHIFT-OUT PULSES ; 
|< HAVE NO EFFECT 
INPUT READY 
(CLEAR OUT) 
OUTPUTS 
OUTPUT READY P : i i" 
_ iii i 
DATA IN (Dn) Ht a 
INPUTS 3-STATE 
Gurus 1001101401010 | 
HIGH 
DATA OUT*** (UNKNOWN) EH 


*AT VDD =5V - RIPPLE TIME FROM POSITION 1 TO POSITION 16 O14 ~ INVALID 
** AT VDD = 5V - RIPPLE TIME FROM POSITION 16 TO POSITION 1 


***DATA VALID goes to high level in advance of the DATA OUT 
by maximum of 50ns at VDD = 5V, 25ns at VDD = 10V, 
and 20ns at VDD = 15V for CL = 50pF and T, = 25°C 


FIGURE 10. TIMING DIAGRAM FOR THE CD40105BMS 


7-1325 


CD40105BMS 


SHIFT 
IN READY 
8 BIT 8 BIT 
DATA DATA 
SHIFT 
DATA IN OUT 
READY 
*MASTER 
RESET 


*Pulse must be applied for cascading by 16 N bits. 


FIGURE 11. EXPANSION, 8-BITS-WIDE-BY-16 N-BITS LONG USING CD40105BMS 


Chip Dimensions and Pad Layout 


Dimensions in parenthesis are in millimeters and are derived from the basic 
inch dimensions as indicated. Grid graduations are in mils (10-3 inch). 


METALLIZATION: - Thickness: 11kA — 14kA, AL. 

PASSIVATION: 10.4kA - 15.6kA, Silane 

| BOND PADS: 0.004 inches X 0.004 inches MIN 

ee DIE THICKNESS: 0.0198 inches - 0.0218 inches 
Jt af ’ 


0 


je 4-10 — 
; (0.102-0.254) 
3 


123-131 
(3-124-3.327) 
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Brearr's CD40106BMS 


CMOS Hex Schmitt Triggers 


December 1992 


Features Pinout 


e High Voltage Type (20V Rating) : CD40106BMS 
TOP VIEW 


e Schmitt Trigger Action with No External Components 


¢ Hysteresis Voltage (Typ.) 
- 0.9V at VDD = 5V 
- 2.3VatVDD=10V 
- 3.5V at VDD = 15V 


e Noise Immunity Greater than 50% 

e¢ No Limit on Input Rise and Fall Times 

e Low VDD to vss Current During Slow Input Ramp 
° 100% Tested for Quiescent Current at 20V 

e 5V, 10V and 15V Parametric Ratings 


¢ Maximum Input Current of 1A at 18V Over Full Pack- | Functional Diagram 
age Temperature Range; 100nA at 18V and +25°C 


¢ Standardized Symmetrical Output Characteristics A +h >2 Gazi. 
¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 3 2 4 aed 
‘B’ Series CMOS Devices” | | ? 
Applications . | c 2h>-£ Int 
e Wave and Pulse Shapers | 3 : 3 
¢ High Noise Environment Systems | ” > a o 


e Astable Multivibrators 


Description OF LaF 


CD40106BMS consists of six Schmitt trigger circuits. Each 
circuit functions as an inverter with Schmitt trigger action on 
the input. The trigger switches at different points for positive 
and negative going signals. The difference between the 
positive going voltage (VP) and the negative going voltage 
(VN) is defined as hysteresis voltage (VH) (see Figure 17). a > _ > S _# 


A 5 
The CD40106BMS is supplied in these 14 lead outline 1 (3, 5, 9, 11, 13) 
packages: : 
Braze SealDIP == H4Q 


FritSealDIP H1B * ALLINPUTS ARE PROTECTED 


so es | | BY CMOS PROTECTION 
Ceramic Flatpack H3W NETWORK 


Logic Diagram 


9G 
2 (4, 6, 8, 10, 12) 


VDD 


| VSS 
FIGURE 1. 1 OF 6 SCHMITT TRIGGERS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3354 
Copyright © Harris Corporation 1992 77-1327 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) .............6- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

_ Input Voltage Range, All Inputs ........ nes -0.5V to VDD +0.5V 
DC Input Current, Any One Input............. ccc cece eens +10mA 
Operating Temperature Range........... ores -55°C to +125°C 

Package Types D, F, K, H 
Storage Temperature Range (TSTG)........... -65°C to +150°C 
Lead Temperature (During Soldering) ............ee00- +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum 


Reliability Information 


' Thermal Resistance ............20.- Bia 8, 
.Ceramic DIP and FRIT Package..... 80°C, 20°C/W 
Flatpack Package ...........eeee0. 70°C/W 20°C/W 
_ Maximum Package Power Dissipation (PD) at +125°C 
_ For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 
Linearity at 12mW/°C to 200mW 
Device Dissipation per Output Transistor ............... 100mW 


For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature... 1... ccc cee cece eee neeees +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER 


Supply Current 


MIL VIN = VDD or GND 


Cwnis 
: 


Hysteresis Voltage 
(See Figure 17) 


leat CONDITIONS (NOTE 1) SUBGROUPS 
VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 
VDD = 20 


— Tvpp =20 


Trois |voo=sv, vour=o4v 


< 
2) 
oO 
oOo 
< 
< 
Oo 
Cc 
= 
1 
Y 
or 
< 


TOHA 
T1OHEe 
ioHt0|voD= ov, vouT=95v 
Ponts |vop= sv, vour= 1eav___| 


< 
oO 
Oo 
On 
| 


[Dewto [woos ov 


< 
© 
Oo 
oar 
oi 
< 


< 
oO 
\~] 
a 
| 


{| VH10 |VDD=10V —_ 
VH15 |VDD=15V 


GROUP A 


con 
or . 
ro) re) 


TEMPERATURE 
+25°C 
— +125°C 


+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55°C 
425°C, +125°C, 
: +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 


ef : | 


<lsl<let{<ls}<l<]__<l=/19]2 13] [31213] <[2]=]= =] l=] sf 58 


<< 
83 
SV 


@ 


+25°C, +125°C, -55 
+25°C, +125°C, -55% 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C, +125°C, -55°C 
+25°C, +125°C, 
+25°C, +125°C, 
425°C, +125°C, 


Of,arpo 
> = 


nical an 
oS id 
e} Kod Ke) re) 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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- TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
UNITS 


GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE| MIN | MAX | 
Propagation Delay TPHL |VDD=5V,VIN=VDDorGND | 9 |  +25°C | - | 280 | 
aed: 10, 11 +125°C, 55°C | - | 9378 | 


Tranaiion Tine TH \Woosw.vNaVveowanD [aes eo Pe] 
aah | 10,11 | +125°C, -65°C | 270 [ ns | 
NOTES: 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND 1,2 -55°C, +25°C 


LIMITS 


leet le leefele ele tl a) ee ES 


UNITS 


HS MUBHBRBABISRORI SS ARR 
Q 


120 


-55°C, +25°C 
+125°C 

Output Voltage 

Output Voltage 


+25°C, +125°C, 


VOL 
-55°C 
VOL 
; Output Voltage VDD = 5V, No Load 
VOH 


+25°C, +125°C, 
-55°C 
+25°C, +125°C, 
-55°C 
Output Current (Sink) IOL5 {VDD =5V, VOUT = 0.4V 
Output Current (Sink) IOL10 | VDD = 10V, VOUT = 0.5V 
"| Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 
Output Current (Source) in VDD = 5V, VOUT = 4.6V 


< 


4.95 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C 
+25°C 


425°C, +125°C, 
-55°C 
+125°C 
Output Current (Source) VDD = 5V, VOUT = 2.5V 
Output Current (Source) IOH10 | VDD = 10V, VOUT = 9.5V 
Output Current (Source) ini VDD =15V, VOUT = 13.5V 


Propagation Delay TPHL |VDD=10V 
~ TPLH 


fh 
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Specifications CD40106BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


NOTES: | 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested: These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K., Input TR, TF < 20ns 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


-- CONDITIONS TEMPERATURE | MAX | 
ae 
| 28 | 


7.5 
-0.2 
+1 
2.8 
VOL < 
VDD/2 


N Threshold Voltage 
Delta 


VSS = OV,-IDD = 10pA 


LA 
V 
V 
V 
V 
V 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
~ 2, CL = 50pF, RL = 200K, Input TR, TF <20ns. | 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| . PARAMETER SYMBOL DELTA LIMIT 

Output Current (Sink) + 20% x Pre-Test Reading 

Output Current (Source) IOH5A + 20% x Pre-Test Reading 
TABLE 6. APPLICABLE SUBGROUPS 


| | MIL-STD-883 a 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD . 


[Poa woet) «too soon | Dota 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Fratet ___———*+d|~raomsoon | aa anensoi 
[Grou | Sampros00s_ | _42,,7.0q00,010 | 
a <n eee ee RONAN! 
feoumd —————*dt Sampo snos | i 00A.00,0 ——*( Sibgrupe 2 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 
Group E Subgroup 2 [sos [79 | taes [0 | tahos 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 

FUNCTION 9V+-05V | — SokHz =| 25kHz 
Static Burn-in1 | 2,4, 6,8, 10,12 | 1,3, 5, 7, 9, 11, 13 
Note 1 
Static Burn-In2 | 2, 4, 6, 8, 10, 12 7 
Note 1 
Dynamic Burn- 7 14 2, 4, 6, 8, 10, 12 
In Note 1 
Irradiation 2, 4, 6, 8, 10, 12 7 
Note 2 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C 


é é 

cess ce 

e « 

3 B 

e 20 S 

= z 

: 15 : 
10 

5 

: 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0. | -15 -10 5 0, 

AMBIENT TEMPERATURE (Ta) = +25°C  —_—_| AMBIENT TEMPERATURE (Ta) = +25°C 3 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 5 GATE-TO-SOURCE VOLTAGE (VGS) = 5V 5 

f a 

: 3 

g g 

9 po = 

: 

: ‘5 

FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT = ——‘~ FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT — 

CHARACTERISTICS CHARACTERISTICS 


OUTPUT VOLTAGE (VO) (V) 
DRAIN CURRENT (1D) (mA) 
OUTPUT VOLTAGE (VO) (V) 


0 25 50 75 10.0 125 15.0 
INPUT VOLTAGE (VI) (V) INPUT VOLTAGE (V1) (V) 
FIGURE 6. TYPICAL CURRENT AND VOLTAGE TRANSFER FIGURE 7. TYPICAL VOLTAGE TRANSFER CHARACTERIS- 
- CHARACTERISTICS TICS AS A FUNCTION OF TEMPERATURE 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) =5V = | x 


PROPAGATION TIME (tPHL, tPLH) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 . "0 20 40 60 80 100 
_4 LOAD CAPACITANCE (CL) (pF) ad ~ LOAD CAPACITANCE (CL) (pF). 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 9. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


10° 
= 3 re S 
Ss 4 8 i © | AMBIENT TEMPERATURE (Ta) = 425°C 
a PF Z | INPUT ON TERMINALS 1, 5, 8, 12 OR 2, 6, 9, 13; 
a HHH EH Tt + S| GMERINPUTS TED TO VED 
10} SUPPLY VoLTAcE (00) = 15 Aa Ae Lt S 
+) 6 4anm’4 an tu 
G6 «tit cree as Th g 
or a SV F 
Bo AA a UT : 
[sa] a a PIs | 4 
2 Sect comh ta a a 
FE at ALATA I il ah 
= oe CLI | AAT 
5 : ST tt aS ot an - 
e FHA oy 
Wu I\f 4 = 9 
2 H : G 
5, LLIAA UA Ci Com Lon = 
4071 2 plac 2 bed 2 oe cae eae 
INPUT FREQUENCY (f) (kHz) SUPPLY VOLTAGE (VDD) (V) 
FIGURE 10. TYPICAL POWER DISSIPATION PERTRIGGERAS FIGURE 11. TYPICAL TRIGGER THRESHOLD VOLTAGE AS A 
A FUNCTION OF INPUT FREQUENCY FUNCTION OF SUPPLY VOLTAGE 
104 
8 a 
- = a 
= : | If 
S = 103. SUPPLY VOLTAGE (VDD) = 15pFI@#1_L UL a1 
i =~ | FREQUENCY (f)=100kKHz _#q— fe 
— a ps 
4 Fs 102, a | — 
z|8 = 2 = 
> w” rr 
— a 0 = 
= cr 4 + 
oD Ww 5 THe ett if] 
W ee 
w A SN OS A ES AND Che ahh oS cane (me: Ge au en ase 
® By gE 6Y inte AMBIENT TEMPERATURE (Ta) = +25°C S) 
= 49°17L-L—L LIL LOAD CAPACITANCE (CL) = 15pF o 
2 468 2468 2 468 2 468 2 468 
0.1 1 10? 3 of — 
SUPPLY VOLTAGE (VDD) (V) | RISE AND FALL TIME (tr, tf) (ns) 
FIGURE 12. TYPICAL PERCENTHYSTERESIS ASAFUNCTION _ FIGURE 13. TYPICAL POWER DISSIPATION AS A FUNCTION 
OF SUPPLY VOLTAGE OF RISE AND FALL TIMES 
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Applications 


VDD 
JU Lives 


1/6 CD40106BMS 


FREQUENCY RANGE OF WAVE SHAPE 
iS FROM DC TO 1MHz 


FIGURE 14. WAVE SHAPER 


1/6 CD40106BMS 


[ou 


: | VDD 
1/6 CD40106BMS VSS 


| VDD 
vss tM=RC Xn (322. 


50kQ < R< 1MQ 
100pF < Cs 1pF 


FOR THE RANGE OF R AND C 
GIVEN Sys <tM < 1s 


FIGURE 15. MONOSTABLE MULTIVIBRATOR 


vp \{ VOD-VN 
tAzRCin (<) (yon 
50kQ <R<1MQ 


100pF $C < 1pF 


FOR THE RANGE OF R AND C 
GIVEN 2ps <tA <0.4s 


FIGURE 16. ASTABLE MULTIVIBRATOR 


VDD 


VIN 


VSS 


VDD 


vo 


VSS 


(a) DEFINITION OF VP, VN, VH 


iVfe) VH = VP-VN . 
VIN {>- ie) 
VIN 


VN sVP 


(b) TRANSFER CHARACTERISTIC OF 1 OF 6 GATES 


FIGURE 17. HYSTERESIS DEFINITION, CHARACTERISTICS, AND TEST SETUP 
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OUTPUT : INPUT 
CHARACTERISTIC | : _ CHARACTERISTIC 


LOGIC “1” 


LOGIC “1” 


OUTPUT INPUT 


REGION REGION 
PITITITTITITITITITITITIVLIVICI TTT Trt Tritt tte VP PTY TT TI TET TTT 4 
VO nnn iisccsise! YY [> 
Cc “0” sen 
OUTPUT petri DRIVER 


REGION 
VLLLILILLLLLLLL LLL NO og 


REGION 


FIGURE 18. INPUT AND OUTPUT CHARACTERISTICS 


Chip Dimensions and Pad Layout 


73 - 81 
(1.854 - 2.057) 


| 


0- a 
Loa - 10 
| (0.102 - 0.254) 
50 - 58 
1.270 - 1.473 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Mm HARRIS 


SEMICONDUCTOR 


‘December 1992 


Features 
e High Voltage Type (20V Rating) - : | 


e 32 Times Standard B Series Output Current Driv 
Sinking Capability 


- 136mA Typ. at VDD = 10V 
- VDS=1V 


100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
RL to VDD = 10kQ 


~- Vat VDD=5V 
- 2Vat VDD = 10V 
- 2.5V at VDD = 15V 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 

Applications 

¢ Driving Relays, Lamps, LEDs 

¢ Line Driver 

¢ Level Shifter (Up or Down): 


Description 
CD40107BMS is a dual 2 input NAND buffer/driver contain- 


ing two independent 2 input NAND buffers with open drain. 


single n-channel transistor outputs. This device features a 
wired OR capability and high output sink current capability 
(136mA typ. at VDD = 10V, VDS = 1V). 


The CD40107BMS is supplied in these 14 lead outline 
packages: 


Braze Seal DIP H4H . 
Frit Seal DIP H1iB 
Ceramic Flatpack H3W 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Meets All Requirements of JEDEC Tentative Standard — 
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CMOS Dual 2 Input NAND Buffer /Driver 


CD40107BF 
TOP VIEW 


NC = NO CONNECTION 


Functional Diagram 


File Number 3355 


Specifications CD40107BMS — 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) .............-- -0.5Vto+20V Thermal Resistance .............06- Gig 8;, 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ...........-.0.6. 70°C/W 20°C/W 

DC Input Current, Any One Input............... cece ee ees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range....... wee e eee s D5 to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ..............66- +265°C __ Device Dissipation per Output Transistor ............... 100mW 

~ At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .. 2... cc ccc cee ete ee eeee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


GROUP A 
PARAMETER __ | SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


Ee =o yIN = VOD or GND ee ee ee 


Sar 
2. 

ae 

ee 
ee 
ee = 
a a 
aca 
ee 
ae 
ar a! 
Ess 
| 


Input Leakage Current 


i) 
© 


ie) 
“55°C Ce 
VIN=VDDorGND  |VDD = 20 | -100 | 


VIN = VDD or GND VDD = 20 


VDD = 18V 
Output Drive Voltage VOL5A |{VDD = 5V, IOL=16mA 


Output Drive Voltage VOL5B: _|VDD = 5V, lIOL=34mA 
| VOL10OA {VDD = 10V, !OL = 37mA 
Output Drive Voltage VOL10B |VDD = 10V, IOL = 68mA 


+125°C 
VDD = 18V, VIN = VDD or GND 
HL 
IIH 


© 


Input Leakage Current 


nA 
nA 
nA 
nA 
nA 
-55°C 
+25°C 


Ee 
Ree 
Ee 
+25°C a 
ae 
Eee 
ee 


olla 
(o>) 


425°C 
+25°C 
425°C 


1.0 


Output Current (Source) 
VDD = 10V, ISS = -10pA +25°C 
25°C 


Functional (Note 3) VDD=2.8V,VIN=VDDorGND | 7 ~~ | +25°C V 
VDD=20V,VIN=VDDorGND | 7 | +25°C VDD/2 | VDD/2 


No Internal Pull-Up Device 


© 
© 
ve) 
— 


VDD = 18V, VIN = VDD or GND 


-55°C 


+125°C 
VDD = 3V, VIN = VDD or GND 


F 
Input Voltage Low — VIL [VDD =5V, VOH>4.5V, VOL<0.5VI 1,2,3 | +25°C, +125°C, -55°C V 
(Note 2, 3) 
Input Voltage High VIH_ [VDD = 5V, VOH > 4.5V, VOL < 0.5V 425°C, +125°C, -55°C V 
(Note 2, 3) i 
Input Voltage Low VIL |VDD = 15V, VOH > 13.5V, 425°C, +125°C, -55°C 4 [ov 
(Note 2, 3) VOL < 1.5V | 
Input Voltage High VIH_ [VDD = 15V, VOH > 13.5V, 425°C, +125°C, -55°C| 11 V 
(Note 2, 3) VOL < 1.5V 7 
lOZ |VIN=VDDorGND |vDD=20v; 1 | 425°C eee 
sorta ee 
| 8 ae 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. . is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


7 
7 
8A 
8B 
1,2,3 
1,2,3 


Tri-State Output 
Leakage High 


1 
Q 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS ~~~ , 
LIMITS — : 


ge hy, eal. | GROUP A 
PARAMETER | SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE} MIN | MAX | UNITS 


Propagation Delay TPHL | VDD =5V, VIN = VDD or GND | 9 |_| - =| 00 | rs 
. TPLH . 


NOTES: 
1. CL = 50pF, RL = 120Q, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. __. 


PARAMETER 


Supply Current 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
VDD = 5V, VIN = VDD or GND 55°C, +25°C 


UNITS 


cs] ley ls}efelefe)elele) <] <a BPR 


—— +125°C 


+25°C, +125°C, 
55°C 


+25°C, +125°C, 
55°C 


+25°C, +125°C, 
-55° 


+25°C, +125°C, 
-55°C 


+125°C 
-55°C 
+125°C 
55°C 
+125°C 


. 55°C, +25°C 
— +125°C 

VDD = 15V, VIN = VDD or GND 

VDD = 5V, No Load 


a 
© 


Output Voltage ~ 


Output Voltage 


-55°C, +25°C 
VDD = 10V, No Load 
VDD = 5V, No Load 
VDD = 10V, No Load 


IOLS5A | VDD =5.0V, VOUT =0.4V | 
Output Current (Sink) IOL5B | VOD= BV, VOUT = 1.0V 


Output Voltage (Note 5) 


hy 


sr 
VOL 
VOH 
Output Voltage (Note 5) VOH 


Output Current (Sink) 


Output Current (Sink) | IOL10A | VDD =10V, VOUT =0.5V 


1OL10B | VDD = 10V, VOUT = 1V 


lOL1S =} VDD = 15V, VOUT = 0.5V 


VDD = 10V, VOH > 9V, VOL < 1V 
VDD = 10V, VOH > 9V, VOL < 1V 


Output Current (Sink) +125°C 


+125°C 
-§5°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
55°C 


Output Current (Sink) 


Input Voltage Low 


VIL 
VIH 


Input Voltage High +7 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


; LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | min | MAX. | UNITS 


| VDD = 15V | 423 | sec | - | co 
ase 
ese [ae 
ae x 

re 

= | 50 


Propagation Delay 


Transition Time 


Input Capacitance Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 120Q, pull up resistor to VDD, Input TR, TF < 20ns. 
4. Measured with external pull-up resistor RL = 10K to VDD 


Transition Time 


= 
pms 
pine 
ps | 
| ns 
Ln 
ze 
= 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
CONDITIONS NOTES TEMPERATURE 


N Threshold Voltage VNTH | VDD =10V, ISS =-10pA | 2.8 | 
N Threshold Voltage VDD = 10V, ISS = -101A ia 
Delta 


P Threshold Voltage | VTP VSS = OV, IDD = 10nA V 


V 


VTP 
VSS = OV, IDD = 10pA 1,4 
F | VDD = 18V, VIN = VDD or GND 425°C | VOH>| VOL<| V 
vob | vop/2 
| VDD = 3V, VIN = VDD or GND 


NOTES: 
1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 120Q, pull up resistor to VDD, Input TR, TF < 20ns. 
3. See Table 2 for +25°C limit. 
4, Read and Record 
5. Measured with external pull-up resistor RL = 10K to VDD 
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Specifications CD40107BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


—ranaweren | sesor | _oeutaumt 
|Sapyewen-usi [00 [roam 
Output Current (Sink) --|-——«1OLS-— |] + 20% xPre-Test Reading 
ouput Curent Gouea) | Tonen [sa0xPTotherg | 


: TABLE 6. APPLICABLE SUBGROUPS 


| | MIL-STD-883 } _ | | 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Bum-in) 100% 5004 IDD, IOL5, IOHSA | 
Interim Test 1 (Post Burn-in) > 100% 5004 IDD, IOL5, IOH5A 
Interim Test 2 (Post Burn-in) 100% 5004 IDD,1OL5,IOHSA 


[roawae) | toowsooe | arate 
OO 
EY a OO 
[seo ————*d;CSarmiesnos | aenome —‘(Sagmmenee 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION’ . 


. TEST .__.. READ AND RECORD 
MIL-STD-883 
.CONFORMANCE GROUPS . METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD | 


| FUNCTION — 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
| 9V+-0.5V 


| Static Burn-In 1 


1, 2, 5, 6, 8, 9, 3, 4, 7, 10, 11 
| (Note 1). 12, 13 | 

Static Burn-in 2 1, 2, 5, 6, 8, 9, 7 
(Note 1) 12, 13 
Dynamic Burn-In 1, 2, 6, 8, 12, 13 7 14 | 3, 4, 10, 11 
(Note 3) 
Irradiation (Note 2) 1, 2, 5, 6, 8, 9, 7 

12, 13 


NOTE: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


3. Each pin except VDD and GND will have a series resistor of 4.75K +5%, VDD = 18V +.5. 
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Schematic 


VDD= 14 


NOTE: vss VSS = 


1 OF 2 GATES (NUMBERS IN PARENTHESES 
ARE TERMINAL NUMBERS FOR SECOND GATE) 


vDD 


* ALL INPUTS ARE PROTECTED 
BY CMOS PROTECTION 
NETWORK 


TRUTH TABLE 


* Requires external pull-up resistor (RL) 
to VDD. 


** Without pull-up resistor (3-state). 


FIGURE 1. 1 OF 2 GATES 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C los 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


80 
AMBIENT TEMPERATURE (Ta) = +25°C 


70 | RL = 1200 TO VDD 
| | | J | 


60 SUPPLY VOLTAGE (VDD) = 5V tTLH 


20 
Shes 15 


Q 
0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 


TRANSITION TIME (tTLH, tTHL) (ns) 
> 
oO 


FIGURE 4. TYPICAL TRANSITION TIME AS A FUNCTION OF 
LOAD CAPACITANCE 


AMBIENT TEMPERATURE (Ta) = +25°C 


8 8 8 


S 


g 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


© 
© 
ro) 
and 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


RL = 12002 TO VDD 
tu 
= 
a 
> oawnw 
ae 
as | — 
o* al 
ea “Ferry 
oo 10V tPLH- 
OF 5G = 
a a nes 


cee ttt re a i 


20 30 40 50 60 70 80 100 
LOAD CAPACITANCE (CL) (pF) 


FIGURE 5. TYPICAL PROPAGATION DELAY TIME AS A 
FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


& 


at 
Oo BAO Oo aA Oo a 


DISSIPATION PER BUFFER (PD) (1W) 
2, 
NSE 
Or CU MAE 
= ed 
NUPANLT LL 
TINT CRANE TTT 


oO 
ood, 


INPUT 


=r a oe 
¢ | AMBIENT TEMPERATURE Ta) = 425°C H oo 
f 
SUPPLY VOLTAGE (VDD) = 15Vj 


ee 
ina 


FTN PTT 
7a 
GRRE. aim, WY 
\8 GCs 
& eee 
3 it 
WE LT EL La LL 
Se ee es 0 ee ee ee 2 ee ee ee eee eee ee 


To 


eT et se) ee T_T) 


2 
i" 
aS 
ah 


i 
f 
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FREQUENCY (fl) (kHz) 


~ 
a 
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awh 6 
wD 
a 
oa 
@o 
» 
> 
a 
@ 
La] 
a 
a 
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FIGURE 6. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


NOTE: 
Numbers inside pads for CD40107BE not offered as standard 
part. 

_ Numbers outside chip are for CD40107BF _ 


Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10° inch). | | 


- METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


Special Considerations 


Limiting Capacitive Currents for CL>500pF, VDD>15V__— Driving Inductive Loads 


For VDD > 15V, and load capacitance (CL) from output 


to When using the CD40107BMS to drive inductive loads, the 


ground > S500pF, an external 25Q series limiting resistor load should be shunted with a diode to prevent high voltages 
should be inserted between the output terminal and CL. No from developing across the CD40107BMS output. 
external resistor is necessary if CL < 500pF or VDD < 15V. 
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CMOS 4 x 4 Multiport Register 


December 1992 
Features Description 
e High Voltage Type (20V Rating) The CD40108BMS is a 4 x 4 multiport register containing 


° Four 4-Bit Realster four 4-bit registers, write address decoder, two separate 
7, Keats read address decoders, and two 3-state output buses. 


* One Input and Two Output Buses When the ENABLE input is low, the corresponding output 


e Unlimited Expansion In Bit and Word Directions bus is switched, independently of the clock, to a high-imped- 

| ance state. The high-impedance third state provides the out- 
* Data Lines have latched Inputs | puts with the capability of being connected to the bus lines in 
° 3-State Outputs | a bus-organized system without the need for interface or 


pull-up components. 
e Separate Control of Each Bus, Allowing Simultaneous 


Independent Reading of Any of Four Registers on Bus When the WRITE ENABLE input is high, all data input lines 
A and Bus B and Independent Writing Into Any of the are latched on the positive transition of the CLOCK and the 
Four Registers data is entered into the word selected by the write address 

lines. When WRITE ENABLE is low, the CLOCK is inhibited 
CD40108BMS Is Pin-Compatible with Industry Type and no new data is entered. In either case, the contents of 


MC14580 - . any word may be accessed via the read address lines inde- 
° Standardized Symmetrical Output Characteristics pendent of the state of the CLOCK input. 
e 100% Tested for Quiescent Current at 20V. The CD40108BMS is supplied in these 24-lead outline pack- 
- ages: 


Maximum Input Current of 1A at 18V Over Full Pack- 


age Temperature Range; 100nA at 18V and +25°C Braze Seal DIP H4V 
Ceramic Flatpack H4P 


Noise Margin (Over Full Package/Temperature Range) 


neve ey Applications 

- 2Vat VDD=10V 

- 25V at VDD = 15V ° Scratch-Pad Memories 
e 5V, 10V and 15V Parametric Ratings e Arithmetic Units. 


Meets All Requirements of JEDEC Tentative Standard ° Data Storage 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Pinout 7 Functional Diagram 
| CD40108BMS ene 3-STATE A 
TOP VIEW 
1 DO Qo 
3B VDD 
: | DATA J D1 Q1 | worDA 
026 12 ats NEUES 1-02 @2{ OUTPUT 
3-STATE A L3| 22] Q0 B se os 
a0 A L4. 3-STATE B 
a1 ALS. Do WRITE 0 
a2A LS. H9} D4 WRITE 1 
Q3A 18} D2 iene * 
1 
WRITE 0 L8! D3 | ee 
WRITE 1.[9| 6] CLOCK penoen Q2 { OUTPUT 
READ 1B z H5) WRITE ENABLE ea me 
READ 0B 14] READ 1A | | eeane 
is 13] READ OA VDD = 24 16! 2 
VSS 212 - CLOCK 3-STATE B 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 33 56 
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Specifications CD40108BMS 


Absolute Maximum Ratings | _ Reliability Information | 
DC Supply Voltage Range, (VDD) ............... ~0.5V to +20V Thermal Resistance .............06- On 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package ..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V ‘Flatpack Package .........e.eee0- 7O°C/W 20°C/W 
DC input Current, Any One Input............... 2c cee eens +10mA Maximum Package Power Dissipation (PD) at +125°C 
Operating Temperature Range............ 22. 55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H _For Ty = +100°C to +125°C (Package Type D, F, K)...... Derate 
. Storage Temperature Range (TSTG).......... . 65°C to +150°C Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) ..............05. +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... ccc cece css ce cence cseces +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A | uiMITs | 
_|___ PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 


VDD =20V,VIN=VDDorGND {4 | e25rc | 10 | pA 


2258S |= 1000 | pA 
VOD = 18V, VIN=VDDorGND_ {| 3 | PCT - 10 | pA 
vop=20 ft TC 10 |= 
ee eee een 
vop=1av} 3] 100 | | nA 
vop=20 | 4 | PCT | 100 |_| 
ee 
voo=1ev{ 3] CT - t00 |_| 
| 4,2,3 425°C, +125°C, 55°C] - | 50_ | mv _ 
| 1,2,3  |+25°C, +125°C, -5°C| 14.95] - | Vv 
= = 0. es ee ee 
= 10V, VOUT = 0. ee ee 
= 15V, VOUT = 1. a ee ee 
e)| IOH5A_|vDD=5v,vouT=46ev_ | t= 0.53 | mA 
VoOD=5v,vouT=25V ft |B | ma | 
VOD=10v,vouT=9.5V_ | tT 4 |oma 
VOD =15V,vOUT=135V_ | tT 25ST 85 | mA 
| VNTH |VDD=10V,ISS=-10nA_ | tC 28 | 07 | | 
| VPTH |VSS=0V,IDD=10pA | C7 | 28 | 
VOH>}VOL<} V 
i Dalai 
VOD =18V,VIN=VDDorGND_ | 8A] +125°C_ 
ote 2 
ee eet 
ote : 
(Note 2) VOL < 1.5V 
OL < 1.5V 
IN=VDDorGND |vDD=20v]; 1 | | 04 7 - | pA | 
VOUT = Ov Cae ee ee 
vop=1ev{ 3 704 | - | HA | 
VIN=VDDorGND |vDD=20v]} 1 | |= | 04 | pA | 
bc | 2 ps | 2 | A 
voD=18v} 3 | = | 04 | pA 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. i 
« 2. Go/No Go test with limits applied to inputs. 


7-1344 


Specifications CD40108BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL SUBGROUPS 
Propagation Delay Clock | TPHL1 | VDD = 5V, VIN = VDD or GND 
or Write Enable to Q TPLH1 | (Note 1, 2) 
Propagation Delay Read | TPHL2 | VDD =5V, VIN = VDD or GND 
or Write Address to Q TPLH2 | (Note 1, 2) +125°C, -55°C 
is +25°C 


TEMPERATURE 
+25°C 
+125°C, -55°C 
+25°C 


Propagation Delay 3- TPZH | VDD = 5V, VIN = VDD or GND 
State Disable Delay Time} TPHZ {| (Note 2, 3) +125°C, -55°C 


Propagation Delay 3- TPZL |VDD=5V,VIN=VDDorGND | 9 | 425°C 
State Disable Delay Time} TPLZ_ | (Note 2, 3) 40,41 | +125°C. -55°C 


Transition Time 


VDD = SV, VIN = VDD or GND 425°C 
(Note 1, 2) +125°C, -55°C 
VDD = 5V, VIN = VDD or GND 
(Note 1, 2) 
NOTES: 


+25°C 
+125°C, -55°C 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TTHL 

TTLH 
Maximum Clock Input FCL 
Frequency 


NO 
=] 
=) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER —_| SYMBOL | en NOTES | TEMPERATURE 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 


LIMITS 


+125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
~ — +125°C 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 


+125°C 
+25°C, +125°C, 


+25°C, +125°C, 
-55°C 
425°C, +125°C, 


Output Voltage VDD = 10V, No Load 
Output Voltage VDD = 5V, No Load 
Output Voltage VDD = 10V, No Load 


Output Current (Sink) IOLS5 | VDD =5V, VOUT =0.4V = $125°C 
-55°C 


VOL 
VOL 
VOH 
VOH 


+25°C, +125°C, 


Output Voltage hoot VDD = 5V, No Load 


anise 
©?) .?) 2) 


Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V © +125°C 
| -55°C 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V 


2 


> 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


~ +125°C 
Output Current (Source) | VDD = 5V, VOUT = 4.6V 
Output Current (Source) bak VDD = 5V, VOUT = 2.5V 
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Specifications CD40108BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ra = | | LIMITS 
_ PARAMETER SYMBOL | CONDITIONS __ 
Output Current (Source) Saad eta VOUT =9.5V 
Output Current (Source) ime VDD =15V, VOUT = 13.5V 


Input Voltage High 


NOTES UNITS 


=] 
m 
= 
UO 
2 
= 
Cc 
P 
m 


+125°C 

55°C 

+125°C 

- 65°C 
4,2 +25°C, +125°C, 
55°C 


+25°C, +125°C, 7 
-55°C 


VDD = 10V, VOH > 9V, VOL < 1V 


< 
S 
s) 
3 
< 
< 
Oo 
x 
Vv 

© 
< 
< 
fe) 
| 
A 

oh, 
< 


Propagation Delay TPLH1 +25°C 
aa aaa _#25°C 
Propagation Delay TPHL2 | VDD =10V +25°C 
| Gead ornvie neces: VDD = 15V_ +25°C 170 
Propagation Delay VDD = 10V +25°C 
3-State Disable Delay -TPHZ VDD = 15V 425°C 


+25°C 
+25°C 


= 10V 
= 15V 


Propagation Delay 
3-State Disable Delay 


VDD = 10V 1,2,3 +25°C 
= 15V +25°C 
+25°C 
425°C 
+25°C 
 +25°C 
+25°C 
+25°C 
+25°C 
— +25°C 
+25°C 
+25°C 
+25°C 7 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


< <i< 
0 0;90 


4 


a 


Minimum Data Setup 
Time 
Data to Clock 


<i</isi<s 

O;O;0;0 

O;oO; oO; o0 
W ul 

mam 1 ont at | ot 

So alo 

< = <j< 


Minimum Data Setup 
Time 
Write Enable to Clock — 


< 
S| 
o 
uN 

3 
< 


= 15V 
VDD = 5V 
= 10V 


70 


Minimum Data Setup 
Time 
Write Address to Clock 


< < 
oO \s) 
oO 7) 


< 
Ss 
S 
ul 

or 
< 
© 


VDD = 5V 
= 10V 


Clock Rise and Fall Time | TRCL 


VDD = 5V 


<|< 
Sh ie 
o] Ee) 
1 
or 
< 


Minimum Hold Time Data 
to Clock 7 


< 
S, 
o 
ul 

S 
< 


= 15V 


ho Te) 


lel lel fell fe P=fel flee eleL el] ele] fel | ee ee 


Of. 
Oo 


Hold Time Write Enable 
to Clock 


< 
7) 
oO 
Nl 
a 
< 
nm 
| 
ra) 


ns 


Write Address to Clock 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL NOTES TEMPERATURE 


Minimum Clock Pulse TW |VDD=5V ed +25°C 
Width Clock or Write VDD = 10V P-. 3. | 

Enable 

Minimum Clock Pulse TW |VvDD=5v ae aS 

Width Write Address VDD = 10V Ce 

input Capacitance pam se 


NOTES: 
1. All voltages referenced to device GND. 


_ 2, The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. . 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


5. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


> 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| IDD VDD = 20V, VIN = VDD or GND 
VNTH | VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


VSS = OV, IDD = 10HA 


AVTP |VSS=OV, IDD = 10pA 


VDD = 18V, VIN = VDD or GND VOH > 
VDD = 3V, VIN = VDD or GND VDD/2 


Propagation Delay Time TPHL | VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


© 
© 
ve) 
ol 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[_Panaweren | svwpoL_[ _DELTAUMT__ 
Boppy Gurent-ms2 [00 [rte 
[Output Curent Sours) | 1OH5A [+ 20% x Pre-Teat Reading 
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TABLE 6. APPLICABLE SUBGROUPS 


7 : MIL-STD-883 : 
. CONFORMANCE GROUP . METHOD GROUP A SUBGROUPS _ READ AND RECORD 


| initial Test (Pre Burn-in) 100% 5004 IDD, 1OL5,IOHSA. 
Interim Test 1 (Post Burn-in) | 100%5004 | = —1,7,9 =~=——————s«S ID JOL5, IOHSA 


Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 , 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroup B-5 Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas - | Subgroups 1,2,3,9,10,11.. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 | TEST | READ AND RECORD 
CONFORMANCE GROUPS - METHOD | PRE-IRRAD | POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In1 | 1,2, 4-7, 22, 23 

(Note 1) 

Static Burn-In2 | 1, 2, 4-7, 22, 23 3,8-11, 13-21, 
(Note 1) F 24 


| OSCILLATOR 


Dynamic Burn- 3, 15, 16, 21,24 | 1,2,4-7, 22,23 | 8,11, 14, 19, 20 9, 10, 13, 17, 18 
In (Note 1). 


Irradiation — | 1,2,4-7, 22,23 
(Note 2). 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V.. .; ft 
VDD = 10V + 0.5V 
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Block Diagram 
wo wW1 ROA RIA ROB R1B 
cL 
WE 
WORDA 
OUTPUT 
DATA 
INPUT 
WORD B 
OUTPUT 


FIGURE 1. 
TRUTH TABLE 


Word 0 0 as 1 

not altered|o 
1 = High Level 0 = Low Level X = Don't Care Z= a 1 
S! and S2 refer to input states of either 1 or 0 


LOGIC 


Typical Performance Characteristics 


: a ee 
: : a oe 
& J 15.0 
iB 
x 25 & 125 
8 20 8 0.0 
Fa Fa 
: = 7 
- : 5.0 
: 2 25 
a 0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS Sa CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 -10 5 0 15 10 5 0 
| : 0 
AMBIENT TEMPERATURE (Ta) = +25°C py AMBIENT TEMPERATURE (Ta) = +25°C Z 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V Tf GATE-TO-SOURCE VOLTAGE (VGS) =-5V = 
ff S 
rd 
ex 
x 
5 
3 
3 
= 
© 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


mpm] | 


SUPPLY VOLTAGE (VDD) = 5V 


a 


a 
=e a 


200 


150 


TRANSITION TIME (tTHL, tTLH) (ns) 


PROPAGATION DELAY TIME (tPLH, tPHL) (ns) 


0 10 20 30 40 50 60 70 80 90 100 0 2 «40 60 | 80 
LOAD CAPACITANCE (CL) (pF) | LOAD CAPACITANCE Pe ee 
FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 7. TYPICAL TRANSISTION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CL OR WE TO Q) LOAD CAPACITANCE 

 » [ier irene = ERE E 
AAA 

rae 

SUPPLY VOLTAGE (VDD) = 15V 
Eis?" super voLTAge (oD = 16 Ah (Con 
= 8 =e ee ee 
e éCrrerleirnir Wi Nari Tit 
z > HHA ASH 
Bot? LLU TOA Ao De Bill 
a a Gsomor apc ho .a8 Tt 
g HHA ANH Tce 
a |S HAGA AT Sail 
WoL] aA a TT 
z we’ AnD Al P 4240 2 oe 2 8 eee eee 2 2 Os 
(mw ap _wiit.ttrt | mae 
3 : At Ao CL = 50pF = 
. Va' UAT WT CL = 15pF We 
w LALA LET 
2 468 2468 2468 2468 2468 
02 3 
1 10. 1 10 1 
INPUT FREQUENCY (ff) (kHz) 


FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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*wo (8) > 
*w1 (9) > 


*Do (20) >: 


(413) ROA 44) RIA * (114) ROB (0) RIB 
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> 
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aS melibe = 
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THN = 
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Cc c ie we I 
03 | So] PE > = 
Cc 
Kiva 3-STATE 
* ALL INPUTS PROTECTED BY *B ENABLE 
: COS/MOS INPUT PROTECTION NETWORK 
Cc 


(4) aoa 
(5) aia 
(5) a2a 
(7) 3a 


(22) aos 
@3) a1B 
(2) @2B 


> ae ee SS (1) a3B 
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CD40108BMS 


- Schematic Diagram (continued) 


DETAIL OF — DETAIL OF 
| MEMORY CELL 3-STATE OUTPUTS 


PFRPAPMADABPFABABDAAPAABDIAPSFSBPAAAP AOA ADEA BAP ABLAOPLABABADAODPBDAIDSABADIPRAOBSALAISAASBASDs 


FIGURE 9. (Continued) 
trCL jes] tfCL tW(CL) |~<— 
ts(0) >| [ 


a a Hl sama | ww) 


wa RENE Rh comes oo « 
rs (Rae, nee eee Cn ie 


= ae el {PHL (PLH—»ltPHL<— | | tPLH 
tPLH {PHL 
FIGURE 10. TIMING DIAGRAM 


0.1 uF VDD 500 pF 


ole 


P.G. 1 _I LJ LJ LJ LJ Le 


_ 
“< Bo . 
4 = ae Lc > P.G.2 ee ee ee 
[5] 20) a 
| — | 
cL ni no P.G.3 ee ne (een 
ee 7! ms on - QnA,B I 
_} te 7 | 
iz rf as ed - L pepetirive WAVEFORMS —>| 
PULSE Bn 1a 
GEN. 3 12) 13) 


FIGURE 11. POWER-DISSIPATION TEST CIRCUIT AND WAVEFORMS 
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CD40108BMS 


pee ee ee: ee 
pc.2 —. LJ L_enaste 


ENABLE VDD 
INPUT 50% 


-—~ VSS 
tPLZ 
—— VDD 
Q VOL 
OUTPUTS VOH 
== VSS 


FIGURE 12. OUTPUT-ENABLE-DELAY-TIMES TEST CIRCUIT AND WAVEFORMS 


Chip Dimensions and Pad Layout 


Oo 
O 
Oo 
= 


(3.200-3.403) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA- 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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mw hHARRIS CD40109BMS 


December 1992 CMOS Quad Low-to-High Voltage Level Shifter 
Features | me Description _ | 
e High Voltage Type (20V Rating) | CD40109BMS contains four low-to-high voltage level shifting 


circuits. Each circuit will shift a low voltage digital logic input 


* Independence of Power. Supply Sequence Considerations signal (A, B, C, D) with logical 1 = VCC. and logical 0 = VSS. 


- VCC canExceed VDD to a higher voltage output signal (E, F, G, H) with logical 
- Input Signals can Exceed Both VCC and VDD 1 = VDD and logical O= VSS. 
¢ Up and Down Level Shifting Capability The CD40109BMS, unlike other low-to-high level shifting 


circuits, does not require the presence of the high voltage 
| supply (VDD) before the application of either the low voltage 
100% Tested for Quiescent Current at20V supply (VCC) or the input signals. There are no restrictions 
an on the sequence of application of VDD, VCC, or the input 
By, Ov and 1Sy. Pefametmec Ratings signals. In addition, with ‘one exception there are no 
Maximum Input Current of 1pA at 18V Over Full Pack- _ restrictions on the relative magnitudes of the supply voltages 
age Temperature Range; 100nA at 18V and +25°C or input signals within the device maximum ratings, provided 
os ine OE cerak that the input signal swings between VSS and at least 

Noise Margin (Over Full Package/Temperature Range) | 0.7VCC; VCC may exceed VDD, and input signals may 
- 1V at VCC = 5V, VDD = 10V exceed VCC and VDD. When operated in the mode 
- 2Vat VCC =10V, VDD=15V 7 | VCC > VDD, the CD40109BMS will operate as a high-to-low 


Standardized Symmetrical Output Characteristics level shifter. 


Meets All Requirements of JEDEC Tentative Standard The CD40109BMS also features individual three-state out- 


put capability. A low level on. any of the separately enabled 
No. 13B, “Standard Specifications for Description of babs 
‘B’ Series CMOS Devices” three-state output controls produces a high impedance state 


in the corresponding output. 


¢ Three-State Outputs with Separate Enable Controls 


Applications eg gee The CD40109BMS._ is ‘supplied in these 16-lead outline 
packages: 
¢ High or Low Level Shifting with Three-State » Outputs . 
for Unidirectional or Bidirectional Bussing - BF aze Seal DIP HAT 
FritSeal DIP H1E 


¢ Isolation of Logic Subsystems Using Separate Power - Ceramic Flatpack © H6W. 
Supplies from Supply Sequencing, Supply Loss and 7 : ce = 
Supply Regulation Considerations 


Pinout | Pee ae | Functional Diagram 


CD40109BMS ent - ae 447% “1.0F 4 UNITS 
TOP VIEW DE. . | pete Ee 


- vec | VDD 


z LEVEL 
jaan 


E | 4 43] H 

F[5| 421 NC an 

Bi6| 41] G _ | ENABLE A SHIFTER 
ENABLE B 40\C | 7 


vss {8 '9] ENABLE C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. FileNumber 3196 
Copyright © Harris Corporation 1992 7-1354 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... ~0.5Vto+20V Thermal Resistance ............006- Bia 8. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... BO0°C/W 20°C 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............4. 70°C/W 20°C/W 

DC Input Current, Any One Input.............. 2c eee eens +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F,K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................- +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... cece ccc ccc eee cere eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
iceeeeaieal<ssieniiain: Var ane tole 
VDD=20V,VIN=VDDorGND | 1 =| ——sva5rc, S| - | 2 | pA 
ee 
VDD=18V,VIN=VDDorGND_ | 3 =| 55°C Cs | = | 2 | BA 
IL |VIN=VDDorGND |vDD=20 [| 1 | 425°C | -100 | - |_| 
2 | tase -t000 | - =| nA | 
voo=rev[ 3 | 55% | -100 | - | na 
voD=20 | 1 | 25°C | - | 100 | na | 
a ee ee 
vVoD=1ev{ 3 | SCLC - SCf 100 | nA | 
DD = 15V, No Load | 4,2,3  [+25°C, +125°C, -55°C} = - =| 50 | mv | 
VOHIS_|VDD = 15V, NoLoad (Note 3) | 1,23 _[+26°C, «126°, 5%] 1495] - | v_ 
Output Current (Sink) | 1OL5 |VDD=5v,vouT=04v. | tT 85S 0S | - | mA 
VDD = 10V, VOUT = 0.5V ee ee ee 
VDD = 15V, VOUT = 1.5V ee ce ee 
[Output Currant Sourca)] IOHSA [vOD=sv, voUT-46v_| 1 | ec | - | ose] ma 
Output Current (Source){ IOHSB_|VDD=5V,VOUT=25V | 1 | RCT -18 | mA 
[Output Current (Souree)| 1oH10 [vDD= tov, vouT-9sv_| 1 | asc | - | 14 | ma 
Output Current (Source)| IOH15 |VDD=15V,voUT=135V [1] 25°C] 8.5 | mA 
IN Threshold Voltage {| VNTH |VDD=10V,ISS=-10vA | 1 | S25 28 | 07 | OV 
VPTH_|VSS=0V, IDD = 10uA a 
VOH>|VOL<] V 
vee NOUS 
VDD =18V,VIN=VDDorGND | 8A] 125°C | 
| 
VIL {VDD = 10V, VOH > 9V, VOL <1V | ae +25°C, +125°C, -55°C Deer 4 
(Note 2) VCC = 5V 
VIH_ |VDD = 10V, VOH > 9V, VOL <1V 1,2,3 |+25°C, +125°C, -55°C ie ee a 
(Note 2) VCC = 5V 
VIL |VDD = 15V, VOH > 13.5V, oe 425°C, +125°C, -55°C Pee lie 
(Note 2) VOL < 1.5V, VCC = 10V : 
Input Voltage High -VIH_ VDD = 15V, VOH > 13.5V, Les +25°C, +125°C, -55°C ae qe | 
(Note 2) VOL < 1.5V, VCC = 10V 7 
Tri-State Output lOZL |VIN=VDDorGND |voD=20v] 1 #£2| +25C | 04] - | pa. 
pores a bia i ee se ee ee 
| vop=isv{_— 3] CCT OT - O A 
Tri-State Output VIN=VDDorGND .|vDD=20v{; 1 | +25 =| - | 04 | BA | 
Leakage OS pest | ee 
vop=1av}_— 8ST PCT C- C ( | p 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
. implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| eae 7 GROUP A a Se 
PARAMETER CONDITIONS | SUBGROUPS | TEMPERATURE See 


Propagation Delay | TPHLI |VDD= ‘ov, VIN=vcCorGND| 9 | were [- | 600 | ns 


Data In to Out VCC = 5V (Notes 1, 2) +125°C. -55°C 

Shift Mode L-H_. , 

Propagation Delay TPLHi |VDD=10V,VIN=VCCorGND] 9s | S425 || 260 | ons 
Data In to Out — VCC = 5V (Notes 1, 2) 4125°C. -55°C . 

Shift Mode L-H 

Propagation Delay TPHL2 |VDD=5V,VIN=VCCorGND | 9 | 425°C | - | 500 | ons 
Data In to Out VCC = 10V (Notes 1, 2) 4+125°C. -55°C 675 

Shift Mode H-L | Le as, 

Propagation Delay | ~TPLH2 |VDD=5V,VIN=VCCorGND | 9s | 25°C S| - S| 460 | ons 
Data In to Out VCC = 10V (Notes 1, 2) +125°C 55°C 

Shit Mode HL cece (ek se en 
Transtion Tima | TTHL1 |VDD=10v, VIN=VDDorGND| 9 | _.'c_| - | 100 | ne 
SwNModeiHH | Tutt [voor ev Olotes,2) (oth | are | Le | ne | 
Transtion Time TTHL2 [VOD=8v, VIN=vODerGnD | _9 | vaste | - | 200 | ns 
Shift Mode H-L TTLH2 | VCC = 10V (Notes 1, 2) T 40,11 | +t25°c,-s5°c | - | 270 | ns | 
Propagation Delay TPHZ1 |VDD=10V,VIN=VCCorGND| 9 | +25 | - | 120 | ns | 
3-State Shift Mode L-H VCC = 5V (Notes 2, 3) 40,11 | v125°c,-s5°0 | - | 162 | ns | 
Propagation Delay TPHZ2 |VDD=5V,VIN=VCCorGND | 9 | 425°C |= | 400 | _ 
3-State Shift Mode H-L _ | VCC = 10V (Notes 2,3) 40,11 | +tas°c,-sexc | - | 540 | ns | 
Propagation Delay | TPLZ1 |VDD=10V,VIN=VCCorGND} 9 ~—s|_—s+25°C_ =| - | 740 | ons 
3-State Shift Mode L-H | VCC = 5V (Notes 2, 3) 10,11 | +125°C. -55°C | = | g99.] ns | 
Propagation Delay TPLZ2 |VDD=5V,VIN=vcCorGND [9s |_ 25°C ST - | 500 | ons 
Propagation Delay TPZH1 |VDD=10V,VIN=VCCorGND{ 9. |  +25°° | - | 640 | ns | 
3-State Shift Mode L-H | VCC = 5V (Notes 2, 3) 40,11 | +tasec,-seec | - | 604 | ns | 
Propagation Delay = | TPZH2 |VDD=5V,VIN=VCCorGND | 9s | 425°C | - | 600 | ons 
3-State Shift Mode H-L _.. | VCC = 10V (Notes 2, 3) | 10,11 | +125°C. -55°C | + | 810 | ons | 
Propagation Delay = | TPZL1 |VDD=10V,VIN=VCCorGND} 9 | 425°C | - | 200 | os -| 
3-State Shift Mode L-H VCC = 5V (Notes 2, 3) [40,11] +128°c, 55°C | - | 270 | ns | 
Propagation Delay PZL2 |VDD=5V,VIN=VCCorGND | 9s | 25°C | - | 400 | 
3-State Shift Mode H-L VCC = 10V (Notes 2,3) 40,11 | +128°c, 560 | - | 540 | ns | 


NOTES: a | 

1. CL=50pF, RL = 200K, Input TR, TF < 20ns. . . 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL} —sC CONDITIONS NOTES _ | TEMPERATURE 
Supply Current | VDD = 5V, VIN = VDD or GND - -§5°C, +25°C 
| ; a | | +125°C 


MIN 

pated! 

ieee 

VDD = 10V, VIN = VDD or GND | 55°C, 425°C | - 
pre 

aad 


__ | VDD = 15V, VIN = VDD or GND 


-55°C, +25°C 
+125°C_ 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


VOL = 10V, No Load 
VOH | VDD =5V, No Load | 
VOH_ | VDD = 10V, No Load 


Output Current (Sink) IOL5 =| VDD =5V, VOUT = 0.4V 


Output Current (Sink) 1OL10 


lel lefels Pe] )e] eleleleteP] <L <Pb tele elele fell tel | ef ae 


- LIMITS 


NOTES UNITS 


z 


VDD = 5V, No Load +25°C, +125°C, 


-55°C 
+25°C, +125°C, 
-55°C 


+25°C, +125°C, | 4.95 
_ 55°C 


+25°C, +125°C, 
-55°C 


+125°C 
-55°C 
+125°C 


s) 
0 


=] 
mi 
~ 
: 
= 
Cc 
J 
mi 


< 


VDD = 10V, VOUT = 0.5V 


| Output Current (Sink) IOL15 


Output Current (Source) IOH5A | VDD = 5V, VOUT = 4.6V 


Output Current (Source) 
Output Current (Source) 1OH10 


Output Current (Source) IOH15 | VDD =15V, VOUT = 13.5V 

Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 
VCC = 5V 

Input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 
VCC = 5V 


Propagation Delay TPHL1 {VDD = 15V, VCC = 5V 


Data In to Data Out 
Shift Mode L-H VDD = 15V, VCC = 10V 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 


VDD = 15V, VOUT = 1.5V 


> 


2 


VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 


+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C 
+25°C 


SMBS RBA MHS 
?) QO 


oO ie) 


Propagation Delay TPLH1 | VDD = 15V, VCC =5V 1,2,3 +25°C 240 
Data In to Out VDD = 15V, VCC = 10V 1,23 +25°C 140 


Shift Mode L-H 


Propagation Delay . 
Data In to Out 
Shift Mode H-L 


TPHL2 | VDD = 5V, VCC = 15V 


VDD = 10V, VCC = 15V | 


425°C 
425°C 


240 


TPLH2 


Propagation Delay 
Data In to Out 
Shift Mode H-L 


Transition Time TTHL1 {VDD = 15V, VCC = 5V +25°C 
Shift Mode L-H T VDD =15V,VCC=10V 1,2,3 425°C 
Transition Time | TTHL2 | VDD =5V, VCC = 15V | (1,2,3 +25°C 

Shift Mode HHL TTLH2 Vp = 10V, VCC = 15V 425°C 100 
Propagation Delay TPHZ1 | VDD = 15V, VCC = 5V. 1,2,4 425°C . 150 
3-State Shift Mode L-H 
Propagation Delay TPHZ2 
3-State Shift Mode H-L . 


VDD = 5V, VCC = 15V 1,2,3 +25°C © 
VDD = 10V, VCC = 15V +25°C 


rc 
a 
= 


DD = 15V, VCC = 10V 
VDD = 5V, VCC = 5V 
VDD = 10V, VCC = 15V 


+25°C 
+425°C 
+25°C 


“N 
Oo 


Oo 
O 


—_h, 
Ot 


»2,4 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


. PARAMETER ms SYMBOL CONDITIONS TEMPERATURE 
Propagation Delay: TPLZ1 | VDD = 15V, VCC = 5V 
3-State Shift Mode L-H = 15V, VCC =10V 


LIMITS 


NOTES 
1,2,4 


O 
oO 


400 


‘ = 
Propagation Delay TPLZ2 |} VDD=5V,VCC=15V_ | + 
| 3-State Shift Mode H-L VDD = 10V, VCC = 15V 

Propagation Delay TPZH2 | VDD =5V, VCC = 15V__ 

3-State Shift Mode H-L VDD = 10V, VCC = 15V 

Propagation Delay TPZL1 | VDD = 15V, VCC =5V 

3-State Shift Mode. L-H VDD = 15V, VCC = 10V 
‘NOTES: 

1. All voltages referenced to device GND. 

on initial design release and upon design changes which would affect these.characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


2 
2 
Propagation Delay TPZH1 | VDD = 15V, VCC = 5V 1,2,4 +25°C 
3-State Shift Mode L-H VDD = 15V, VCC = 10V 124 
2 
Propagation Delay TPZL2 | VDD =5V, VCC = 15V 2 
| 3-State Shift Mode H-L VDD = 10V, VCC = 15V 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


Supply Current 
N Threshold Voltage VNTH_ | VDD = 10V, ISS = -10pA 


N Threshold Voltage AVTIN {VDD =10V, ISS =-10pA 
Delta 


P Threshold Voltage VSS = OV, IDD = 10pA 
F 


VDD = 20V, VIN = VDD or GND 


P Threshold Voltage VSS = OV, IDD = 10pA 
Delta . 


Functional VDD = 18V, VIN = VDD or GND VOH > 
| . VDD = 3V, VIN = VDD or GND VDD/2 


Propagation Delay Time TPHL 


TPLH 
NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Seavomen-nen [60 [roan 
capa Gents | us [sara Tone 
+ 20% x Pre-Test Reading _ 
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TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A 


Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 


| PDA(Note1) | 100% 5004 | 7, 9,Dotas | 
| PDA(Note1) | 100% 5004 | 17,9, Deltas | 
FinalTest_ | 100% 5004 | 2,3, 8A8B,111 | 
GroupA SC Sampto 5005 | 1,2,3,7,8A,8B,9,1041 | 
__Sample 5005 

SubgroupB-6 | Samplesoos | 79 
[GroupD_ Sample 5005] 1, 2,3,8A,88,9 [Subgroups1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Interim Test 2 (Post Burn-in) 100% 5004 IDD, IOL5, IOHSA 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group E Subgroup 2 | 5005 LC ee 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
FUNCTION vop OV+-0.5V | 50kHz | 25kHz 


Static Bum-in1 (Note 1) [ 4,5,11-13 | 2,3,610,14,15{ 1,16 | 


Static Bur-In 2 (Note 1) 16 1-3, 4, 7, 9, 10, 
14, 15 
Dynamic Burn-in (Note 4) 1,4, 5,11, 13 3, 6, 10, 14 2,7,9,15 
(Note 3) (Note 3) 
Irradiation (Note 2) 1-3, 6, 7, 9, 10, 
14-16 


NOTES: 
1. Each pin except Pin 1, VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except Pin 1, VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V j 


3. Pin voltage is VDD/2 
4. Each pin except Pin 1, VDD and GND will have a series resistor of 4.75K 5%, VDD = 18V +0.5V. 


Logic Diagram 
ee vob vDD 
| TRUTH TABLE 
xe en iD: = : 
3 (6, 10, 14) 
hee 
4 (5, 11, 13) 
ENABLE A 
a (7; 9, 15) vss 
VCC x1 
VDD = 16 
VSS #8 
Logic 0 = Low(VSS) 
* ALL INPUTS ARE PROTECTED X= Don't care 
BY CMOS PROTECTION Z = High impedance 
NETWORK Logic 1 = VCC at Inputs and VDD at Outputs 


Oo VSS | 
FIGURE 1. 1 OF 4 UNITS | 
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Typical Performance Characteristics 


g g 
C 
WwW 
: : 
z . 
z & 
: 
0 5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT | FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS . CHARACTERISTICS 
" DRAIN-TO-SOURCE VOLTAGE (VDS) (V) - DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
15 «40 5 0. | 15 10 £§£ 0, 
AMBIENT TEMPERATURE (Ta)=+25°C AMBIENT TEMPERATURE (Tq) = +25°C z 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V GATE-TO-SOURCE VOLTAGE (VGS) = 5V F* 7 
E i 
Ww 
font 
oc 
3 
6) 
: 
= 
4] 
FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 


CHARACTERISTICS CHARACTERISTICS 


‘SUPPLY VOLTAGE (VDD) = 5V 


TRANSITION TIME (tTHL, tTLH) (ns) 
£ 
HIGH-TO-LOW PROPAGATION 
DELAY TIME (tPHL) (ns) 


% 20 40 60 80 100 | "40203040 60 60 70 80 90 100 
_ LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. TYPICAL HIGH-TO-LOW PROPAGATION DELAY 


LOAD CAPACITANCE TIME AS A FUNCTION OF LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


nh 
Yoo= 5V, VDD =10V banter 


ees SE ES 
to Teens woo = 157 


LOW-TO-HIGH PROPAGATION 
DELAY TIME (tPLH) (ns) 


0 
0 10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (CL) (pF) 


FIGURE 8. TYPICAL LOW-TO-HIGH PROPAGATION DELAY 
TIME AS A FUNCTION OF LOAD CAPACITANCE 


5 SSAA = 


RECOMMENDED 
OPERATING 
BOUNDARY 


wd id 
oO ol 


VIILG, 


SUPPLY VOLTAGE (VDD) (V) 
=) a 


S 
N 
S 
NY 
Nw 


0 5 10 15 20 2 
SUPPLY VOLTAGE (VCC) (V) 


FIGURE 10. HIGH LEVEL SUPPLY VOLTAGE vs LOW LEVEL 
SUPPLY VOLTAGE 


Test Circuit and Waveform 


vcc VDD 


hae 


* VSWITCH = INPUT VOLTAGE AT 
WHICH OUTPUT LEVEL IS 50% 
OF VDD-VSS 


0 
25 5 75 10 125 15 175 20 
SUPPLY VOLTAGE (VDD) (V) 


FIGURE 9. TYPICAL INPUT SWITCHING AS A FUNCTION OF. 
HIGH LEVEL SUPPLY VOLTAGE 


8 | AMBIENT TEMPERATURE (Tq) = +25°C 3-1 

+4 VCC = 5V, VDD = 15V Hige+ 
= ’ =x 

es aa 


4 
& 
BE Meee a.” fA 


no 
Oe ee ee es A rae! 


| =I] 
A FAS TT 


VCC = 5V, VDD = 10V 
Tides VCC = 10V, VDD = 15V 

a 

| 


VCC = 5V 


INPUT SWITCHING VOLTAGE (VSWITCH) (V) 


= 


104 


TA 


a | ae 
4. ; r 
a 407." 5A ee ee 
AAS VCC =5V, VDD = 10V T 

a 


mee §=6LOAD CAPACITANCE CL = 50pF 
mnt CLs 15pF 


DISSIPATION PER LEVEL SHIFTER (PD) (pW) 
G 


Es 0 ee ee 2 es ee 2 2 eee ee ee 2 
s ; 


INPUT FREQUENCY (fi) (kHz) 


FIGURE 11. TYPICAL DYNAMIC POWER DISSIPATION AS A 


FUNCTION OF INPUT FREQUENCY 


TEST VOLTAGE 


fl 
PULSE 
= 15) GENERATOR 
A 4 13 
INPUT O—¢ | RS (SEE 
(SEE 5. 12 CL TABLE) vec 
S0pF ENABLE 50% 
TABLE) 6 | 14] — INPUT — vss 
10 tPLZ tPZL 
OUTPUT 90% —— VDD 
8. 9 OUTPUT VOL 
OUTPUT VOH 
— vss 
iPHZ {PZH 


FIGURE 12. OUTPUT ENABLE DELAY TIMES TEST CIRCUIT AND WAVEFORMS 
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CD40109BMS 


Chip Dimensions and Pad Layout | 


a SS 
Heiccoml . 
2.667) | 


(2.464 - 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
~. PASSIVATION: 10.4kA- 15.6kA, Silane 
_ BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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December 1992 7 | 10 Line to 4 Line BCD Priority Encoder 
Features Pinout 
e High Voltage Type (20V Rating) CD40147BMS 
TOP VIEW 


e Encodes 10 Line to 4 Line BCD 

e Active Low Inputs and Outputs 

¢ 100% Tested for Quiescent Current at 20V 
e 5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 


Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 
e¢ Keyboard Encoding 


¢ 10 Line to BCD Encoding 
e Range Selection SELECT | 


Description 


CD40147BMS CMOS encoder features priority encoding of 
the inputs to ensure that only the highest order data line is 
encoded. Ten data input lines (0-9) are encoded to four line (8, 
4, 2, 1) BCD. The highest priority line is line 9. All four output 
lines are logic 1 (VSS) when all input lines are logic 0. All 
inputs and outputs are buffered, and each output can drive 
one TTL low power Schottky load. The CD40147BMS is func- 
tionally similar to the TTL 54/74147 if pin 15 is tied low. 


The CD40147BMS is supplied in these 16-lead outline 
packages: 


Braze Seal DIP H4T 
Frit Seal DIP HIE 
Ceramic Flatpack H6W 


>wDoOo 
RNR 


o 
O 
Oo 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3357 
Copyright © Harris Corporation 1992 7-1363 


Specifications CD40147BMS 


_ Absolute Maximum Ratings | Reliability Information 
DC Supply Voltage Range, (VDD) ............... -~0.5Vto+20V Thermal Resistance ................ Bia ic 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 
Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ............0005 70°C/W 20°C/W 
DC Input Current, Any One Input................cceeee ...£10mA Maximum Package Power Dissipation (PD) at+125°C 
Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)..... .-500mW 
Package Types D, F, K, H . | For Ty = +100°C to +125°C (Package Type D, F, K) ...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C © Linearity at 12mW/C to 200mW 
Lead Temperature (During Soldering) .............e0. +265°C _ Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ...... cece cece cece cece nace +175°C 


. TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER §|SYMBOL{ — CONDITIONS (NOTE 1) 
Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND 


Input Leakage Current 
_ VDD = 20 


TEMPERATURE | MIN | MAX | 
a Boe 
tase |= | 20 | 
+125°C }-1000] - | 
+125°C | = | 1000 | 
5°C, +125°C, -55°C| - | 50 | 
5°C, +125°C, 11495] - | 
p053 | 

ee oe 
35 | 

| =| 0.53 | 
eae 

ee re 

Ed 

2.8 


GROUP A. 


< 
O 
Oo 
u 

= 
[oe] 
< 


Input Leakage Current 


Cc 
eels ee SE 
” 


nA 
nA 


< 

Oo 

oO 

It 

co 

< 
2 
= 
oO 
q) 
P 
oO 
Cc 
U 
” 


yo | % 
t 
on 
alan 
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Output Current (Source +25°C 
VDD = 15V, VOUT = 13.5V 425°C | -3.5 | ma | 

VDD =10V,ISS=-10pA 425°C ve 
VSS = OV, IDD = 10nA | —42c—s[ 7 | 28 | Vv | 


+25°C 
425°C 
+125°C _ 
55°C 
+25°C, +125°C, -55°C 


Functional F |VDD=2.8V,VIN=VDDorGND | | 
VDD =20V, VIN=VDDorGND | 
VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 
Input Voltage High VIH VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 

(Note 2) VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 


ce 
09] 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


+25°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1, 2) SUBGROUPS 
Propagation Delay TPHL1 {| VDD =5V, VIN = VDD or GND 
In Phase Output TPLH1 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
TTLH 


NOTES: 
1. CL= 50pF, AL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TEMPERATURE 
+25°C 
+125°C, -55°C 


+125°C, -55°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL Yaa | NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND 


<P lelelele elle tell le) el eee PPP Pe 


LIMITS 


TEMPERATURE 
55°C, +25°C. 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 


UNITS 


+125°C 

Output Voltage VDD = 5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 

Output Voltage +25°C, +125°C, 
-55°C 


+125°C 


s HAS RAA BHAA 
Q 


+125°C 
~  -55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
. -55°C 
+125°C 
-55°C 


+25°C, +125°C, 
-55°C 


Output Current (Sink) IOLiO =| VDD = 10V, VOUT =0.5V 
VDD = 15V, VOUT = 1.5V 2.4 
Output Current (Source) 


Output Current (Sink) IOL5 =| VDD = 5V, VOUT = 0.4V 
Output Current (Source) me ; 


VDD = 5V, VOUT = 2.5V 


VDD = 10V, VOUT = 9.5V 


[| VDD = 10V, No Load 


Output Current (Sink) IOL15 


Output Current (Source) 


Output Current (Source) VDD =15V, VOUT = 13.5V 
Input Voltage Low ae VDD = 10V, VOH > 9V, VOL <1V 


VDD = 5V, VOUT = 4.6V 


Ph 


VOL 

Output Voltage VDD = 5V, No Load 
VOH = 
VIL 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V oe 
Propagation Delay TPHL | VDD =10V fee | | 


“425°C, +125°C, +7 
-55°C 


+2 
- +2 
+25°C |. 
+2 


Propagation Delay 
Out of Phase Output 


Transition Time TTLH 
a 
NOTES: 


-1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


N Threshold Voltage VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10pA © 
Delta 


VSS = OV, IDD = 10pA 


AVTP | VSS = OV, IDD = 10pA 


Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay Time TPHL |VDD=5V 
TPLH 


-NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


Supp Gurent-mSix | _00 [soya 


TABLE 6. APPLICABLE SUBGROUPS 
MIL-STD-883 
CONFORMANCE GROUP _ METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A 
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TABLE 6. APPLICABLE SUBGROUPS (Continued) 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Interim Test 1 (Post Burn-in) 100% 5004 IDD, IOL5, IOH5A 
Interim Test 2 (Post Burn-In) 100% 5004 IDD, 1OL5, |OH5A 


[roawwen | romeo [rooms | 
[roawaoy «dss |r ooomme 
wpa __——*dtSarosoos | aareaenaan f 


GroupD Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| TEST READ AND RECORD 
| MIL-STD-883 
CONFORMANCE GROUPS METHOD | PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 

StaticBurn-Ind | - 6,7, 9, 14 1-5, 8, 10-13, 15 

Note 1 

Static Burn-In 2 6, 7, 9,14 

Note 1 

Dynamic Burn- 6, 7, 9, 14 2, 4, 5, 10, 12, 15 
In Note 1 
Irradiation 6, 7,9, 14 1-5, 10-13, 15, 16 

Note 2 


- 1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 2 a 
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FIGURE 1. 


TRUTH TABLE (Negative Logic) 


- INPUTS 


noerveernee 
recsernsree 
receeceeon= 
-|oceeoceeenx 
~mioooo00ococ or XxX 
ecosocen xxx 
occseon sxx 


OUTPUTS 


ooorxKxKxxxxx« x 
COrxx «KKK 
or ex «M KKK XX 


nfocoenrcroex 


SCOOCO = KM MK XK 


Don't care 


1=Lowlevel X 


High level 
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CD40147BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C a 


g g 

& a ‘ 

fe ce 

: 

S 

id a 

g g 

: : 

0 10 5 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 $ 0 -15 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Tq) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


2 
© 
fe) 
J 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT. FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
= a 
a a; 
ef = 
rs Ww 
= 2 |_| __,suppuvvourage vn) =5v | teen 
F 5 a oe 
= 2 aan a 
5 ra 
5 S 
z E 
f= ¢ 
a. 
& 
a 0 
0 -10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 7. PROPAGATION DELAY TIME AS A FUNCTION OF 
LOAD CAPACITANCE LOAD CAPACITANCE 
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Typical Performance Characteristics (Continued) 


5. 
105. 


ob 
°o 
a 


re ¥ 
 2NOo WD aAOO WD AND 
We EE a ee ee ee eee eee ee 


POWER DISSIPATION (PD) (uW) 
° 
(*) 
. Vn’. GR. We 6 ee ee ee 
wh. ‘PE. WR EE ee eee 


NCSU EM 
Bm EOC UA ER EI ee 


68 2 468 2 468 
fr) 107 10° 104 10° 
INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


Chip Dimensions and Pad Layout 


79- 87 
(2.007- 2-209) | 


4-0 
0.102-0.254) 


6 7-75 | 
Ct. 702 -1.905) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: | Thickness: 11kA - 14kA, AL. 

PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN _ 

DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD40160BMS, CD40161BMS 
MARES ¢p40162BMS, CD40163BMS$ 


| | CMOS Synchronous 
December 1992 | | | Programmable 4-Bit Counters 
Features Description 
¢ High-Voltage Types (20V Rating) CD40160BMS, CD40161BMS, - CD40162BMS and 
* CD40160BMS Decade with Asynchronous Clear CD40163BMS are 4-bit synchronous programmable 


counters. The CLEAR function of the CD40162BMS and 


p GONG EN ena recone were CD40163BMS is synchronous and a low level at the CLEAR 


¢ CD40162BMS Decade with Synchronous Clear input sets all four outputs low on the next positive CLOCK 
¢ CD40163BMS Binary with Synchronous Clear edge. The CLEAR function of the CD40i60BMS and 
° Internal Look-Ahead for Fast Counting CD40161BMS is asychronous and a low level at the CLEAR 
input sets all four outputs low regardless of the state of the 
a Garry Ouipur tor Cascading CLOCK, LOAD, or ENABLE inputs. A low level at the LOAD 
e Synchronously Programmable input disables the counter and causes the output to agree 
¢ Clear Asynchronous Input (CD40160BMS, CD40161BMS) with the setup data after the next CLOCK pulse regardless of 
* Clear Synchronous Input (CD40162BMS, CD40163BMS) the conditions of the ENABLE inputs. 
e Synchronous Load Control Input The carry look-ahead circuitry provides for cascading counters 
for n-bit synchronous applications without additional gating. 
e LowP TILC tibili : zs : 
iia bi re Instrumental in accomplishing this function are two count-enable 
e Standardized Symmetrical Output Characteristics inputs and a carry output (COUT). Counting is enabled when 
¢ 100% Tested for Quiescent Current at 20V both PE and TE inputs are high. The TE input is fed forward to 
¢ Maximum Input Current of 1pA at 18V Over Full Package enable COUT. This enabled output produces a positive output 
Temperature Range; 100nA at 18V and +25°C pulses with a duration approximately equal to the positive portion 


of the Q1 output. This positive overflow carry pulse can be used 
- 1Vat VDD =5V to enable successive cascaded stages. Logic transitions at the 
2V at VDD _ 10V PE or TE inputs may occur when the clock is either high or low. 


- 2.5V at VDD = 15V The CD40160BMS through CD40163BMS types are functionally 
° 5V, 10V and 15V Parametric Ratings equivalent to and pin-compatible with the TTL counter series 


¢ Noise Margin (Over Full Package Temperature Range): 


74LS160 through 74LS163 respectively. re) 

¢ Meets All Requirements of JEDEC Tentative Standard No. 13B, G} 

“Standard Specifications for Description of ‘B’ Serles CMOS The CD40160BMS, CD40161BMS, CD40162BMS and Oo 

Devices” CD40163BMS are supplied in these 16 lead outline packages: - 
Applications CD40160 CD40161 CD40162 CD40163 
e Programmable Binary and Decade Counting Braze Seal DIP Haw H4Xx H4Xx Haw 
¢ Counter Control/Timers Frit Seal DIP HiF H1iF H1L H1F 
e Frequency Dividing Ceramic Flatpack H6P H6EW H6P H6W 
Pinout Functional Diagram 

CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 

TOP VIEW 


VDD = 16 
VSS «8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3358 
Copyright © Harris Corporation 1992 7-1371 


_.. Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS. 


Absolute Maximum Ratings — ~ . Reliability Information 

DC Supply Voltage Range, (VDD) ............... -~0.5V to+20V Thermal Resistance ................ Gia Oi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

' Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .........eeeeee. 70°C/W 20°C/W 

DC Input Current, Any One Input............. eens eeeeee +10mA Maximum Package Power Dissipation (PD) at +125°C.. ..- : 

Operating Temperature Range....... eee eeee es 55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H | | | | For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 

Storage Temperature Range (TSTG)........... ~65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ............0e00. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm).from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum es . Junction Temperature .......... ete oy ice aight ees a $175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


PARAMETER SYMBOL 


Supply Current 


~- LIMITS: | 


GROUP A 


TEMPERATURE 
425°C 
+125°C 
-55°C 
425°C 
+125°C 
-55°C 
425°C 
— +125°C 
-55°C 
+25°C, +125°C, 
+25°C, +125°C, -55°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C . 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
7 +25°C ne 
+125°C 
55°C —— 
+25°C, +125°C, -55° 


Cc 
= 
= 
” 


- CONDITIONS (NOTE 1) 
VDD = 20V, VIN = VDD or GND 


ae VDD = 18V, VIN = VDD or GND 


lil |VIN=VDDorGND |VDD=20 


ie VIN=VDDorGND {VDD =20 


| 2 - IVDD = 18V 
VOL15 |VDD=15V,NoLoad 
VOH15 |VDD = 15V, No Load (Note 3) 


1IOL10 {VDD = 10V, VOUT = 0.5V 
lOL15 |VDD=15V, VOUT=1.5V | 


Input Leakage Current 


Input Leakage Current 


ioni0_|voo=10v, vour=05v 
ions |vop=15v, vour= 195¥ 


VDD = 2.8V, VIN = VDD or, GND 7 
VDD = 20V, VIN = VDD or GND 7 


N . 
te f<|e2 te |e] 2/2 || |=] [|e 5 [5 [ef 55 


VOH > | VOL < 
VDD/2 | VDD/2 


7) 
c 
oo 
q) 
Ps) 
.e) 
S 
| u 
n 
cn 
2 
S 
| NI 


VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND ~ 


VIL |VDD =5V, VOH > 4.5V, VOL <0.5V 
(Note 2) | : 
Input Voltage High VIH_ |VDD = 5V, VOH > 4.5V, VOL < 0.5V 
(Note 2) bis . 
VIH 


fee) 
' 


2) 


O 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V. 

Input Voltage High VDD = 15V,.VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. . 
2. Go/No Go test with limits applied to inputs. . _ 


425°C, +125°C, -55° 


E o) 


7-1372 


Specifications CD401 60BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL| CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE 
Propagation Delay TPHL1 |VDD=5V,VIN=VDDorGND | 9 | 425°C 
Clock to Q TPLH1 on CSc eC 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


LIMITS 


© oe) 


Q 
N 
a 


Propagation Delay 
CD40160BMS, 
CD40161BMS Clear to Q 


+25°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


1.48 


1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS NOTES 
Supply Current VDD = 5V, VIN = VDD or GND 
as +125°C 
-55°C, +25°C 
VOL 
VOL 
VOH 
VOH 


LIMITS 


PE! ee PPP PPE 


TEMPERATURE UNITS 


-55°C, +25°C 


VDD = 10V, VIN = VDD or GND 
VDD = 15V, VIN = VDD or GND -55°C, +25°C 


Output Voltage VDD = 5V, No Load +25°C, +125°C, 
| -55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
-55°C 
Output Voltage VDD = 5V, No Load +25°C, +125°C, 
_ -55°C 
Output Voltage VDD = 10V, No Load +25°C, +125°C, 
| -55°C 
Output Current (Sink) IOL5 =| VDD =5V, VOUT =0.4V +125°C 
| | «55°C 
Output Current (Sink) | lIOL10 {VDD=10V, VOUT =0.5V_ 


Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V | +125°C 
| 2 ae -55°C 


1,2 
1,2 
1,2 


4 


i) 


-55°C 
Output Current (Source) | IOH5A | VDD = 5V, VOUT = 4.6V +125°C 
| | -55°C 
Output Current (Source) VDD = 5V, VOUT = 2.5V 


+125°C 
-55°C . 
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Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
LIMITS 


SYMBOL NOTES UNITS 


< 
Oo 
Oo 
i) 

oh, 
oS 
< 


~ PARAMETER | 


Output Current (Source) 


Output Current (Source) 
Input Voltage Low VIL . |} VDD = 10V, VOH > 9V, VOL < 1V 
input Voltage High VIH VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay TPHL1 {VDD =10V 
Clock to Q TPLH1 


Propagation Delay TPHL2 


+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 


< 
Oo 
Cc 
ae | 
I 
a) 
or 
< 
3 


| 


A 


< 
oO 
oO 
un 
oa 
< 
< 
O 
Cc 
4 
1 
oo 
on 
< 
3 


=| 
m 
U0 
3 
pa 
Cc 
J 
m 


> 


a 
3) 


+25°C, +125°C, | 7 
-55°C 
+25°C 
+25°C — 


VDD = 10V +25°C 


< 
S 
S) 
a 
< 


Clock to C Out TPLH2 VDD = 15V 425°C 
Propagation Delay ~ TPHL3 | VDD =10V +25°C 110 
TE to C Out TPLH3 


+25°C 
+25°C 
+25°C 


VDD = 15V 
VDD = 10V 
= 15V 


Propagation Delay TPHL4 


CD40160BMS, 


cz 


</<|</</] < 
S;S}s}jS| co 
ol Rod he} Rok ne) 
! 
a 
< 


CD40161BMS Clear to Q 

Transition Time =10V +25°C 100 

Maximum Clock Input FCL = 10V +25°C MHz 
Frequency = +25°C MHz 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C | 
+25°C 
+25°C 
 +25°C 
+25°C 
+25°C 


< 
S) 
Oo 
i) 

1 
< 


Maximum Clock Rise or 
Fall Time 


= 10V 


<i< 

Oo} 0 

OO; Oo 
t 
< 


il 
oi 
<i 


Minimum Data Hold Time 
Clock Operation 


= sf 


Minimum Clock Pulse 170 
Width 


Clock Operation 


| 
© 


<|< 
S| 
oi he 
Ut 
2a 
< 


Minimum Setup Time 
Data to Clock 


= 10V 
= 15V 


< 
Oo 
Oo 
" 

a 
< 


Minimum Setup Time 
Load to Clock 


= 10V 
= 15V 


</< 
whe 
oO, o 


TS 


Minimum Setup Time PE 
to TE to Clock 


A} 
°o io] A 


</< 
oh Ee) 
oh Ee) 
" 
S| < 
< 


140 


< 
Oo 
oO 
il 

ah, 
ai 
< 


< 
e) 
Oo 
it 

oO 
< 


(an) : 


7 


°o 


Minimum Clear Pulse 
Width (CD40160BMS, 
CD40161BMS) 


=10V 

= 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


Minimum Setup Time 
Clear to Clock 
(CD40162BMS, 
CD40163BMS) 


i 
Oo 
Oo 

N 


434 
+ — os 1 
<|< 
o/c 
o|o 


+ 
0; 9 
Oo; oO 
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Specifications CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 


Minimum Hold Time 
Clear to Clock 
(CD40162BMS, 


CD40163BMS) 


Minimum Clear Removal 
Time 
(CD40160BMS, 
CD40161BMS). 
NOTES: 
1. All voltages referenced to device GND. | 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time:and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


TABLE 4. POST IRRADIATION ELECTRICAL.PERFORMANCE CHARACTERISTICS 


LIMITS 
CONDITIONS NOTES TEMPERATURE UNITS 


Pun [MAX 
[SuppiyGurrent____| 100 _|voD=20v,VN=voDerand| 4 | vaso | - | 25 | vA 
[NTveshold Votage | vNTH |voD=10v,iSS=1A | 1.4 | vse | 28 | o2 | v | 
[PrThveshordVotage | vie _|vSS=ovioD-1ma | 4 | waste | o2 | 28 | v__ 
il eal Nell Wil al al 
Delta 

V 


+25°C VOH > | VOL < 
VDD/2 | VDD/2 


Functional F VDD = 18V, VIN = VDD or GND 
VDD = 3V, VIN = VDD or GND 


Propagation Delay: Time TPHL |} VDD=5V 
TPLH 


NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF.<20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| 
[Suppy Curent-mst2 | 1D [sto 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOHSA 
Interim Test 1 (Post Burn-in) 100% 5004 (DD, IOLS5, IOH5SA 
Interim Test 2 (Post Burn-In) 100% 5004 IDD, IOL5, IOH5A 
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- READ AND RECORD 


DD, 1OL5, IOH5A 
Subgroups 1, 2, 3, 9, 10, 11 


TABLE 6. APPLICABLE SUBGROUPS (Continued) 


00% 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


| saa eh nee TEST . READ AND RECORD 
CONFORMANCE GROUPS | METHOD PRE-IRRAD | POST-IRRAD | PRE-IRRAD | POST-IRRAD 
Group € Subgroup ee A TY 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


. OSCILLATOR 
_|_FUNCTION ovt-05V. | — S0kHz =| 25kHz 
Static Burn-In 1 

Note 1 

NOTE: 


- 1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


. 2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V . 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Logic Diagrams 
CD40160BMS AND CD40162BMS BCD DECADE COUNTERS 
i 5 2 * * ® * g 
CD40160BMS i @ @ © (4) (5s) Gs) ©) 
ASYNCHRONOUS nt PE TE P1 P2 P3 VDD P4 


CD40162BMS 
SYNCHRONOUS 


Y | 
\/ VAY, 
12) a3 441)04 © (45) couT 


*INPUTS PROTECTED BY voo _ 
CMOS PROTECTION NETWORK 3 , \7 
® ® 


o 
o) 
O 
as 


FIGURE 1. LOGIC DIAGRAM FOR CD40160BMS AND CD40162BMS BCD DECADE COUNTERS 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 
Logic Diagrams (Continued) 


CD40161BMS AND CD40163BMS BINARY COUNTERS 


©D40161BMS a 7) Oo) (3) 


ASYNCHRONOUS » : PE 


CD40163BMS 
SYNCHRONOUS 


*INPUTS PROTECTED BY 
CMOS PROTECTION NETWORK 


VDD 


FIGURE 2. LOGIC DIAGRAM FOR CD40161BMS AND CD40163BMS BINARY COUNTERS 


TRUTH TABLE 


High Level X = Don’t Care 
Low Level NC = No Change 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Tq) = +25°C Ys 


3 g 
zi & -TO-SOU 

a 2 x 

[oe fom 
| 2 2 

“ts g 

B a 

: 

DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 4. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


-15 -10 4 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


o 
© 
re) 
= 


FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 
a 
i=] 


| | ¢ 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIMEAS AFUNC- _— FIGURE 8. TYPICAL TRANSISTION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CLOCK TO Q) LOAD CAPACITANCE 
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CD40160BMS, CD40161BMS, CD40 162BMS, CD40163BMS 


Typical Performance Characteristics (Continued) 


10° 2 
PERATURE r 

é 225°C ERA (Ta) 1 ee 

| oA Th in 


SUPPLY VOLTAGE (VDD) | Bi 
bE ooo at AN 


: Coe 


10° y ze 
rT! 
f an 
TL] CL = 50pF 
oti 


2468 2468 2468 2468 246 
1 10 107 10? 32—-— «104 
CLOCK FREQUENCY (fCL) (kHz) 
FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


a ee a 2 


En 0 ee. ee = 


IPSN 
iW TAIN 
“CCAS 


POWER DISSIPATION (PD) (1W) _ 


TTT INT 
“TLL IWN 
4 ae 
TT 
IL 


CLEAR (CD40160BMS) 
CLEAR (CD40162BMS) 


ASYNCHRONOUS 


‘SYNCHRONOUS 
TOAD 


Pt. 


P2 oe 
DATA INPUTS 
P3 
P4 
CLOCK (CD40160BMS) 
“CLOCK (CD40162BMS) © 


; . PE 
~ ENABLES - 


TE 


OUTPUTS 


~ CARRY OUT. 


coUNT ss? INHIBIT 


CLEAR PRESET 
FIGURE 10. TIMING DIAGRAM FOR CD40160BMS, CD40162BMS 


7-1380 


CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


CLEAR (CD40161BMS) 
| | ASYNCHRONOUS 
CLEAR (CD40163BMS) 
: SYNCHRONOUS 


LOAD : 


a eeeeeeeeTFTFTFTFNSNSSSS—ae 
DATA INPUTS 


P4 
CLOCK (CD40161BMS) 


CLOCK (CD40163BMS) 


PE 
ENABLES 


TE 


Q1- 
[oe 
OUTPUTS 
Q3 
G4 
CARRY OUT 


o iiw2iw 4 #1 o 1. 2} 


COUNT fo INHIBIT 


CLEAR PRESET | 
FIGURE 11. TIMING DIAGRAM FOR CD40161BMS AND CD40163BMS 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


FIGURE 13. DETAIL OF FLIP-FLOPS OF CD40162BMS AND CD40163BMS (SYNCHRONOUS CLEAR) 
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CD40160BMS, CD40161BMS, CD40162BMS, CD40163BMS 


P1 P2 P3 PA 5 P1 P2 P3 P4 : Pi P2 P3 P4 
PE LD PE LD PE iD 
TE TE cD TE cD 
CLK CLR CLK CLR CLK CLR 
Zz Q1 G2 Q3 a4 a Qi Q2 Q3 a4 i Qi Q2 Q3 a4 


VoD 


cas eee 
CLEAR 


FIGURE 14. CASCADED COUNTER PACKAGES IN THE PARALLEL-CLOCKED MODE 


LOAD 


P2 P3 P4 P1 P2 P3 P4 


Qi Q2 Q3 Q4 


Qi Q2 Q3 Q4 Q1 Q2 Q3 Q4 


FIGURE 15. CASCADED COUNTER PACKAGES IN THE RIPPLE-CLOCKED MODE 


Chip Dimensions and Pad Layout 


Dimensions and pad layout for CD40160BMSH. 
| | Dimensions and pad layout for CD40161BMS, 
CD40162BMSH, and CD40163BMSH are identical. 


°o 0 20 3% 4 #450 6 #%7 80 90 100 109 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


106-114 
(2.693- 2.895) 
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METALLIZATION: Thickness: 11kA — 14kA, AL. 
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mw rARRIS CD40174BMS 


CMOS Hex ‘D’-Type Flip-Flop 


December 1992 


Features i“ aa Pinout 


¢ High Voltage Type (20V Rating) as ac 
TOP VIEW 


¢ 5V, 10V and 15V Parametric Ratings 
¢ Standardized, Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range, 100nA at 18V and +25°C | 


Nolse Margin (Over full Package Temperature Range): 
- 1Vat VDD =5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 


Meets All Requirements of JEDEC Tentative Standard 
No. 13A, “Standard Specifications for Description of 


‘B’ Series CMOS Devices” | 
MPpications Functional Diagram 
e Shift Registers 
| 3 2 
¢ Buffer/Storage Registers Di ai 


e Pattern Generators 


Description 


CD40174BMS consists of six identical ‘D’<Type flip-flops 
having independent DATA inputs. The CLOCK and CLEAR 
inputs are common to all six units. Data is transferred to the 
Q outputs on the positive going transition of the clock pulse. 
All six flip-flops are simultaneously reset by a low level on the 


CLEAR input. | D4 Q4 
The CD40174BMS is supplied in these 16 lead outline pack- 
ages: _ 
Ds Q5 
Braze Seal DIP H4T 
Frit Seal DIP . H1E 
Ceramic Flatpack H6W DS rea = O6 
cra Maal 
CLEAR — 
VSS a8 
VDD = 16 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3359 
Copyright © Harris Corporation 1992 
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Absolute Maximum Ratings 


Reliability Information 


DC Supply Voltage Range, (VDD) ............... ~).5Vto+20V Thermal Resistance .............0.6. Oa Gi. 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............26. 70°C/W 20°C/W 

DC Input Current, Any One Input............. cece eee eee +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............66- -55°C to +125°C For TA = -55°C to +100°C (Package Type D, F, K) ...... 500mW 
Package Types D, F, K, H For TA = +100°C to +125°C (Package Type D, F, K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to+150°C —_Linearity at 12mW/°C to 200mW 

Lead Temperature (During Soldering) ................4. +265°C _ Device Dissipation per Output Transistor ............... 100mW 

_ At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For TA = Full Package Temperature Range (All Package Types) 

10s Maximum Junction Temperature .. 1... cee cece cece cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 


VDD = 18V, VIN = VDD or GND 


HL VIN=VDDorGND- |VDD=20 
VDD = 18V 

VIN=VDDorGND- |VDD=20 
VDD = 18V 


Supply Current 


Input Leakage Current 


input Leakage Current 


+25°C, +125°C, -55° 
+25°C, +125°C, -55% 


oO. 
0) 
oO 
_ 


VDD = 5V, VOUT = 2.5V 
= 10V, VOUT = 9.5V 
VDD = 15V, VOUT = 13.5V 


< 
\s) 
O 


VNTH |VDD = 10V, ISS = -10pA 
VPTH_ |VSS = OV, IDD = 10pA 


VDD = 5V, VOUT = 4.6V 


vOo=16v,vN=vODerGNo | 6 
vo0=3v,vN=voD een | 8 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 
VDD = 5V, VOH > 4.5V, 

VOL < 0.5V 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 

VDD = 15V, VOH > 13.5V, 

VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 


Oi] > 


VOH >| VOL < 
VDD/2 | VDD/2 


VIH5 +25°C, +125°C, -55° 


VIL15 +25°C, +125°C, -55° 


VIH15 +25°C, +125°C, -55° 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS | 


4 a GROUP A 
- PARAMETER SYMBOL CONDITIONS (Note 1,2) | SUBGROUPS 
Propagation Delay TPHL1 | VDD = 5V, VIN = VDD or GND 
Clock to Output | TPLH1 | . 
Propagation Delay TPHL2 | VDD = 5V, VIN = VDD or GND 
CLEAR to Output 


Transition Time VDD=5V,VIN=VDDorGND | 9. | 


| TTLH 

Maximum Clock Input FCL | VDD =5V, VIN = VDD or GND 
Frequency ue 

NOTES: | | 


1. CL = 50pF, RL = 200K, Input TR, TF <20ns. 


2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


— eamren forma. / veres_|reene 
Supply Current VDD = 5V, VIN = VDD or GND -55°C, +25°C 
VDD = 10V, VIN = VDD or GND -55°C, +25°C 


TEMPERATURE 
+25°C 
+125°C, -55°C 

+25°C _ 
+125°C, -55°C 

425°C 
+125°C, -55°C 

+25°C 
+125°C, -55°C 


LIMITS 


ell llllellele) <l ¢ el sbb PEEP LE 


UNITS 


-55°C, +25°C 
+125°C 7 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


Output Voltage . 
Output Voltage | 


a, 


Output Current (Sink) 1OL5B_ | VDD =5V, VOUT =0.4V [= | -—-4425°C 


V 
V 
vO 
vo 
| 


IOL15 | VDD = 15V, VOUT=16v 


55°C 


2.4 


— +125°C 
~ 65°C 
+125°C 


VDD = 5V, VOUT = 4.6V 


VDD = 5V, VOUT = 2.5V 


+125°C 

55°C 

+1 25°C 
55°C 


ifiphs 
.?) 


VDD = 10V, VOUT = 9.5V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 


PPP lll <le5 


NOTES TEMPERATURE 


+125°C 


UNITS 


-55°C — 
Input Voltage Low VIL VDD = 10V, VOH > 9V, +25°C, +125°C, 
VOL < 1V . -55°C 


425°C, +125°C, +7 


i) 


Input Voltage High VIH VDD = 10V, VOH > 9V, 
VOL < 1V 


Propagation Delay TPHL1 | VDOD=10V 
Clock to Output TPLH1 VDD = 15V 


Propagation Delay TPHL2 | VDD =10V 


CLEAR to Output VDD = 15V 
Transition Time TTHL | VDD =10V 
ad VDD = 15V 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


140 


ib 
Q 


Maximum Clock Input FCL  |vpp=10Vv +25°C MHz 
eae VDD=15V. 425°C MHz 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C 
425°C 
+25°C 
+25°C - 
+25°C 
+25°C 
+25°C 

- +25°C 
+25°C 
425°C 
+25°C 


Minimum Data Setup 
Time 


Minimum Data Hold Time 


Minimum Clock Pulse 
Width 


Maximum Clock Rise and 
Fall Time 


VDD = 15V 
TREM | VDD =5V 


| Minimum CLEAR 
Removal Time 


VDD = 10V 


Minimum CLEAR Puls 
Width 


Input Capacitance CIN CLEAR 


NOTES: 
1. All voltages referenced to device GND. 


. 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


a | 
ao 
cS 
a 


z= 

<|<|< 
S|cIo 
o|olo 
u u NW 
alo|e< 
<|< 
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Specifications CD40174BMS 
TABLE 4. ‘POST IRRADIATION plata cle PERFORMANCE CHARACTERISTICS 


| LIMITS =—s |. 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE. 


VDD = 20V, VIN = VDD or GND 
N Threshold naa VNTH [VDD = 10V, ISS = -10pA - 


N Threshold Voltage AVTN | VDD = 10V, ISS = -10pA 
Delta 


NOTES: 1. All voltages referenced to device GND. ae 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


ae a 
+ 20% x Pre-Test Reading. 
+ 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS. . 


a MIL-STD-883 
| CONFORMANCE GROUP | METHOD | _ GROUP A SUBGROUPS READ AND RECORD | 


[ninTent extsann) | oreo | =i SA 
[Powwow «sd? —oomsooe |r Otek 
[iin Tests (Posteumce | vow eoon | 9 ———«ODNOLRIOHGA 
[Powe _——~|—toomeooe | Dome 
[rater «dt toonsome | eA 
compa | Senpesoos | azarereneran | 
Me Es 
a A EC 


ae 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 ae 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 PTET READ AND RECORD 
CONFORMANCE GROUPS METHOD... PRE-IRRAD a PRE-IRRAD | POST-IRRAD 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


7 7 OSCILLATOR 
VDD — 9V+-0.5V 


Static Burn-in 1 2,5, 7, 10, 12, 15] 1,3, 4, 6, 8, 9, 11, 
(Note 1) . 13, 14 
Static Burn-in 2 2,5, 7, 10, 12, 15 1,3, 4,6, 9, 11 

(Note 1) 13, 14, 16 

Dynamic Burn-in 2, 5,7, 10, 12, 15 
(Note 1) 

Irradiation 2,5, 7, 10, 12, 15 1,3, 4,6, 9, 11 

(Note 2) 13, 14, 16 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/water, 0 failures, 
VDD = 10V + 0.5V . 


Logic Diagram 


LOGIC 


CLK* * Allinputs (terms 1, 3, 4, 6, 9, 11, 13, 14) 
: cL protected by COS/MOS protection network 


FIGURE 1. 1 OF 6 FLIP-FLOPS 
TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 


1 = High Level X = Don’t Care 
2 = Low Level NC = No Change 
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Typical Performance Curves 


AMBIENT TEMPERATURE (Ta) = +25°C 


Me eee 
we 
i 10V 
ab r= 15V 
ume 
0 Ps : 


0 20 40 . 80 100 — 0 a 10 6 
LOAD CAPACITANCE (CL) (pF) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C Lt 


GATE-TO-SOURCE VOLTAGE (VGS) = 15V 


200 


TRANSITION TIME (fTHL, fTLH) (ns) 
a: 
OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


FIGURE 2. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT 
LOAD CAPACITANCE CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
AMBIENT TEMPERATURE (Ta) = +25°C 15 10 5 0, 


AMBIENT TEMPERATURE (Ta) = +25°C 
— GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT  - FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS | CHARACTERISTICS _ 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 10°, ” 


iS 


15 -10 5 0 
AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


WGA'U 


2 ee ee NO. 


bh 


104 vy. 
a 


Yn ane? np an 


POWER DISSIPATION PER FLIP-FLOP (PD) (:W) 
3 3 
Oo AAS 


3 
OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 
Fs 


2 468 2 468 2 468 2 468 
1 10 1 10° 104 
CLOCK INPUT FREQUENCY (fCL) (kHz) 
FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. TYPICAL DYNAMIC POWER DISSIPATION AS A 


CHARACTERISTICS FUNCTION OF CLOCK FREQUENCY 
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CD40174BMS 


Typical Performance Curves (Continued) ~ 


200 


_ =~ wh 
NO ol ~ 
GI c=) gl 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
° 
oO 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL PROPAGATION DELAY TIME (CLOCK TO OUTPUT) AS A FUNCTION OF LOAD CAPACITANCE 


Waveform 7 Pad Layout 


fe] 
f | tT | 
trcL>| kK tf CL 4 yOP 72 EE , a ) bac 


= 


69-77 
tSU(LH)* (1.753-1.955) 
tTHL 
OUTPUT ee eg 
rere: 
tPLH tPHL ; 
VDD sat tREM (LH) OR (HL) OPTIONAL ie 2 nee —_ = 
; 4-10 
CLEAR ----f--- 50% ioral a0 
0 79-87 
(2.007-2.209) 


FIGURE 9. DEFINITION OF SETUP, HOLD, PROPAGATION 


DELAY, AND REMOVAL TIMES DIMENSIONS AND PAD LAYOUT FOR CD40174BMSH 


The photographs and dimensions of each CMOS chip represent a chip when 

| itis part of the wafer. When the wafer is separated into individual chips, the an- 
gle of cleavage may vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ slightly from the 
nominal dimensions shown. The user should consider a tolerance of -3 mils to 
+16 mils applicable to the nominal dimensions shown. 


Dimension in parenthesis are in millimeters and are derived from the basic inch 
dimensions as indicated. Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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CD40175BMS 


-. CMOS Quad ‘D’ Type Flip-Flop 


Applications 

Shift Registers | 
¢ Buffer/Storage Registers 
e Pattern Generators 


Description 


CD40175BMS consists of four identical D-type flip-flops. 
Each flip-flop has an independent DATA D input and comple- 
mentary Q and Q outputs. The CLOCK and CLEAR inputs 
‘are common to all flip-flops. Data are transferred to the Q 
outputs on the positive going transition of the clock pulse. All 
four flip-flops are simultaneously reset by a low level on the 
CLEAR input. 


These devices can function as shift register elements or as 
T-type flip-flops for toggle and counter applications. 

The CD40175BMS is supplied in these 16-lead outline 
packages: 

Braze Seal DIP H4T 

Ceramic Flatpack H6W 


December 1992 
Features Pinout 
e High Voltage Type (20V Rating) : ae eg 
TOP VI 
e Output Compatible with Two HTL Loads, Two Low Power . 
TTL Loads, or One Low Power Schottky TTL Load ream (71 
CLEAR 
¢ Functional Equivalent to TTL74175 a 
¢ 100% Tested for Quiescent Current at 20V_. ails 
¢ 5V, 10V and 15V Parametric Ratings } pt [4 
-¢ Maximum Input Current of 1A at 18V Over Full Pack- a 5 
age Temperature Range; 100nA at 18V and +25°C 2 [6| 
e Noise Margin (Over Full:Package/Temperature Range) a2 
- 1Vat VDD =5V vss [8 
- 2V at VDD = 10V VDD = PIN 16 
- 2.5V at VDD = i5V | VSS = PINS 
¢ Standardized Symmetrical Output Characteristics 
¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of : é 
‘B’ Serles CMOS Devices” Functional Diagram 


Ql 8 


ei 2 


VSS #8 
VDD = 16 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


Copyright @ Harris Corporation 1992 


File Number 3360 
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Specifications CD40175BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance | Oia 8. 
(Voltage Referenced to VSS Terminals Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..............6- 70°C/W 20°C/W 

DC Input Current, Any One Input................c cee eeees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K)...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C _ Device Dissipation per.Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature 2.0... ccc ccc cee ee eee c cence +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS (NOTE 1) 


Supply Current = : = 
= 18V, VIN = VDD or GND 
Input Leakage Current - VDD = 20 


VDD = 18V 
IIH = ‘|VDD = 20 
VDD = 18V 
Output Voltage VOL15 {VDD = 15V, No Load 
Output Voltage VOH15 |VDD = 15V, No Load (Note 3) 


Output Current (Sink) 10L5 |VDD=5V, VOUT = 0.4V 
Output Current (Sink) 1OL10 {VDD = 10V, VOUT = 0.5V 


Output Current (Sink) VDD = 15V, VOUT = 1.5V 
Output Current (Source)} IOH5A {VDD = 5V, VOUT = 4.6V 
Output Current (Source)| IOH5B {VDD = 5V, VOUT = 2.5V 
= 10V, VOUT = 9.5V 


Output Current (Source)}| IOH15 |VDD = 15V, VOUT = 13.5V 
N Threshold Voitage VNTH {VDD=10V,ISS=-10pA_ - 
P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 


VDD = 2.8V, VIN = VDD or GND 

VDD = 20V, VIN = VDD or GND 
= 18V, VIN = VDD or GND 

VDD = 3V, VIN = VDD or GND 


Input Voltage Low VIL = 5V, SV, 
(Note 2) | 

Input Voltage High VIH ; 5V, 
(Note 2) 

Input Voltage Low VIL VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


Input Voltage High VIH VDD = 15V, VOH > 13.5V, 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD40175BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A ree 
PARAMETER SYMBOL CONDITIONS (NOTES 1,2) | SUBGROUPS TEMPERATURE| MIN _ UNITS 
Propagation Delay TPHL1 | VDD =5V, VIN = VDD or GND 
Clock to Q Output — TPLH1 


Propagation Delay — ~~ TPHL2 VbO = 5V, VIN = VDD or GND 
Clear to Q Output , 


Transition Time VDD = 5V, VIN = VDD or GND 
inl 

Maximum Clock Input VDD = SV, VIN = VDD or GND 

Frequency 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


ee ee 
es ee 
[asc | - | 20 | ne | 
Taso, 0 | - | 270 | ns 
Paso [2 [| - | we | 
awe, eas | we 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


eg ee 
il ld ial 


Output Voltage ss VDD = 5V, No Load as 
Output Voltage i Dl VDD = 10V, NoLoad~- esl 


LIMITS 


lllelelelelelelelele) <t) 2 PEPE PPS 


TEMPERATURE 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 
-55°C, +25°C 
+125°C 


725°C, +125°C, 
-55°C 


+25°C, +125°C, 
-55°C 


+25°C, +1 eo 4.95 


UNITS 


a 
io] 


+25°C, +125°C, 
-55°C 


+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C: 
-55°C 
~— +125°C 
-55°C 
+125°C 
-55°C 


cel al 
F  ermmestachecsanmaide 
isaac! Il : 


2.4 
4.2 


VDD = 10V, VOUT =9.5V 
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_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER SYMBOL | ae NOTES |TEMPERATURE| MIN | MAX | UNITS 


Output Current (Source) VDD =15V, VOUT = 13.5V +125°C 
VDD = 10V, VOH > 9V, VOL < 1V 425°C, +125°C, 
-55°C 
VDD = 10V, VOH > 9V, VOL < 1V 425°C, +125°C,| 7 
-55°C 
Propagation Delay TPHL1 
ee 


+25°C 
TatonTine | TH 
TTLH 


+25°C 
VDD = 
Minimum Data Setup = 
VDD = 
VDD 


< 


r=] =| fe fe fae] ff fe fe feel] fff fatale] fe] <f <[2 ie 


+25°C © 
+25°C 
+25°C 
+25°C 
i 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


> 
fo) 


Minimum Data Hold Time 


aS 
oO 


+25°C 
Minimum Clear Pulse 
Maximum Clock Rise or 1,2, 3, 4 


Minimum Clear Removal 
Time (Clear to be High 

before Positive Transition 
of Clock) 


Ww [voorsy 


VDD = 15V 
Input Capacitance Any Input 
NOTES: 


1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation 
delay of the output of the driving stage for the estimated capacitive load. 


Minimum Clock Pulse 
Width 


hb 


0 


=] 
ais 


~ h 
oi fN 


pF 
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Specifications CD40175BMS 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


| a } LIMITS 
_PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE| MIN | 


|N Threshold Voltage | VNTH | VDD = i0V, ISS =-10pA | 644 | 425 | 28 | -02 | 
fata 
Ee Bab 
VOH> | vor<| Vv > 
vop2 | vop2 | 


N Threshold Voltage AVTN. | VDD = 10V, ISS = -10pA 7 1,4 — : 
Delta : . | 7 


P Threshold Voltage VSS = OV, IDD = 10pA . 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= SOpF, RL = 200K, Input TR, TF < 20ns. 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


[Supp curent-sit [100 (soma 
+ 20% x Pre-Test Reading 


4 TABLE 6. APPLICABLE SUBGROUPS 


MIL-STD-883 | . . 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS | READ AND RECORD 


[Ponto + voomsoomn | nro SCSC~*S 


PDA (Note 1) | 100% 5004. | 1,7, 9, Deltas Ree 
Final Test ~ | 100% 5004 —-2,3,8A,88R,1011 fo 


[GroupD = ———s—~s~sSsésYSs Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


Group B Subgroup B-5 ~ Sample 5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 . 


CONFORMANCE GROUPS 


Group E Subgroup 2 


_ TABLE 7. TOTAL DOSE IRRADIATION | 


MIL-STD-883 Co TEST READ AND RECORD 
METHOD 
| 6005 | 7,9 =| Table =f = 1,9 ~—|_—‘Table 
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TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
Static Burn-in 1 | 2, 3, 6, 7, 10, 11, | 1, 4, 5, 8, 9, 12, 13 
(Note 1) 14, 15 . 
Static Burn-in 2 | 2, 3, 6, 7, 10, 11, 1,4, 5, 9, 12, ° 
(Note 1) 14, 15 13, 16 
Dynamic Burn- 2, 3, 6, 7, 10, 11, 4, 5, 12, 13 
In (Note 1) 14, 15 
Irradiation 2, 3, 6, 7, 10, 11, 1, 4, 5, 9, 12, 
(Note 2) 14,15 
2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 
VDD = 10V + 0.5V 


Logic Diagram 


* ALLINPUTS ARE PROTECTED | 
BY CMOS PROTECTION 
NETWORK 


FIGURE 1. 1 OF 4 FLIP-FLOPS 


TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS (Positive Logic) __. 


ee anes Le TE 
oe le 
i a a a 
[x [x fe 


1 = High level 
X = Don't care 
0 = Low level 
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Electrical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = 425°C 


AMBIENT TEMPERATURE (Ta) = +25°C 


SUPPLY VOLTAGE (VDD) = 5V _#) 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 10 20 30 40 50 60 70 80 80 100 0 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 2. TYPICAL PROPAGATION DELAY TIME (CLOCK TO FIGURE 3. TYPICAL TRANSITION TIME AS A FUNCTION OF 
OUTPUT) AS A FUNCTION OF LOAD CAPACITANCE LOAD CAPACITANCE . 
ry 2 
= = 
z 4 TE-TO-SOURCE VOLTAGE 
oF oe 
3 3 
S S 
= =z 
S g 
: e 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT _. FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
5 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Electrical Performance Characteristics (Continued) 
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: 4 68 2 4 68 
1 10 107 10? 104 
CLOCK INPUT FREQUENCY (CL) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF CLOCK FREQUENCY 


Chip Dimensions and Pad Layout 


75-83 
—_ (1.905-2,108) 


al 


=| 4-10 
(0102- 0.254) 
63-7! 
(1.600-1.803) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10°? inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


7-1399 


‘December 1992 


- Features 
High Voltage Type (20V Rating) 


Words 
e Generates 16 Logic Functions of Two Boolean Variables 
Generates 16 Arithmetic Functions of Two 4 Bit Binary 
Words 
A = B comparator Output Available 
Ripple Carry Input and Output Available 
Typical Addition Time 200ns at VDD = 10V 
100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


_ age Temperature Range; 100nA at 18V and +25°C 


- 1V at. VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

Standardized Symmetrical Output Characteristics 

¢ Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for eee of 
‘B’ Series CMOS Devices” 


Applications 


© Parallel Arithmetic Units 
e Process Controllers 
e¢ Low Power Minicomputers 


Pinout 


CD40181BMS ACTIVE-LOW DATA | 
TOP VIEW | 


Full Look Ahead Carry for Speed Operations on Long 


Maximum Input Current of 1A at 18V Over Full: Pack-. 


Noise Margin (Over Full Package/Temperature Range) | 


CD40181BMS 


CMOS 4 Bit Arithmetic Logic Unit 


Description 


The CD40181BMS is a low power four bit parallel arithmetic 
logic unit (ALU) capable of providing 16 binary arithmetic 
operations on two four-bit words and 16 logical functions of 
two Boolean variables. The mode control input M selects 
logical (M = High) or arithmetic (M = Low) operation. The 
four select inputs (SO, S1, S2, and S3) select the desired 
logical or arithmetic functions, which include AND, OR, 
NAND, NOR and exclusive-OR and-NOR in the logic mode, 
and addition, subtraction, decrement, left-shift and straight 
transfer in the arithmetic mode, according to the truth table. 
The CD40181BMS operation may be interpreted with either 
active-low or active-high data at the A and B word inputs and 
the function outputs F, by using the appropriate truth table. 


The CD40181BMS contains. logic for.full look ahead carry 
operation for fast carry generation using the carry-generate 


_and carry-propagate outputs G and P for the four bits of the 


CD40181BMS. Use of the CD40182BMS look-ahead carry 
generator in conjunction with . multiple CD40181BMS's 
permits high speed arithmetic operations on long words. A 
ripple carry output Cn+4 is available for use in systems 
where speed is not of primary importance. 


Also included in the CD40181BMS is a comparator output 
A =B, which assumes a high level whenever the two four-bit 
input words A and B are equal and the device is in the 
subtract mode. In addition, relative magnitude information 
may be derived from the carry-in input Cn and ripple carry- 
out output Cn+4 by placing the unit in the subtract mode and 


- extemally decoding using the information in Table B. 
~The CD40181BMS is similar to industry types MC14581 and 


74181. 

The CD40181BMS is supplied in these 24-lead outline 
_ packages: 

Braze Seal DIP HNZ 

Ceramic Flatpack H4P 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


: ) File Number 3361 
Copyright © Harris Corporation 1992 7-1400 


CD40181BMS 


Functional Diagrams 


FUNCTION SELECT 
INPUTS 


WoRp OUTPUT 
F2 { FUNCTION 
B COMPARE 
OUT 
WORD 
B 16 Cn+4 RIPPLE 
CARRY OUT 
CARRY IN rye alias 
MODE _M OUTPUTS 
CONTROL 
VDD = 24 
VSS = 12 
ACTIVE-LOW DATA 
FUNCTION SELECT 
INPUTS 
WORD OUTPUT 
A F2 { FUNCTION 
14_A=B COMPARE 
OUT 
WORD 
B 16 C RIPPLE 
CARRY OUT 
CARRY IN rat aatiated 
MODE _M OUTPUTS 
CONTROL 
VDD = 24 
VSS = 12 


ACTIVE-HIGH DATA 
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Absolute Maximum Ratings 


DC Supply Voltage Range, (VDD) ............66- -0.5V to +20V 
(Voltage Referenced to VSS Terminals) 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V 

DC Input Current, Any One Input........ 0.0... cee eee ee eee +10mA © 

Operating Temperature Range..............+- -55°C to +125°C | 
Package Types D, F, K, H 

Storage Temperature Range (TSTG)........... -65°C to +150°C 

Lead Temperature (During Soldering) ................. +265°C 


At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for 
10s Maximum | 


Reliability Information 9 bt ha 
Thermal Resistance Bia Oi, 


Ceramic DIP and FRIT Package..... 80°C 20°C 

Flatpack Package ................ 70°C/W 20°C/W 
Maximum Package Power Dissipation (PD) at +125°C 

For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 

For Ty = +100°C to +125°C (Package Type D, F, K) ...... Derate . 

Linearity at 12mW/C to 200mW 

Device Dissipation per Output Transistor .......... eae 100mMW 

For T, = Full Package Temperature Range (All Package Types) 
Junction Temperature 3.0... cece cece eee cece +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Input Leakage Current VIN = VDD or GND 


| VIN = VDD or GND 


Input Leakage Current 


IOL5 =| VDD = 5V, VOUT 


Output Current (Sink) 0.4V 


Output Current (Sink) 
Output Current (Source 


O OTTO 
Cc ec re 
§ sis 
S Sic 
2/2/55 
sisielz 
Sisigie 
GB 

p=} 

Zz 


Oo 
= 
C 
= 
@) 
¢ 
3 
) 
= 
2 
3 


=) 


ed 


e 


(Note 2) 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


(Note 2) 


ssles|sslss TT °I1zZzIOl[O 
Seiseisezi(ee sisislels 
welt oie ene SIs isisis 
LSILSiLSsi&s SIZIZISI6 
Si sl pi] bp PIs;siSisgs 
aj ea}; aili a alaizIi=za 
@ @ @o ro) </<|S/{S 
=} S| z=] § oe Roe poe pad 
a =| @ = Sip |[_”oa|o 
= 2 7 

SEE 


; | GROUPA | | 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE 
Supply Current VDD = 20V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND’ 
|VDD = 20 


VDD = 20 


VDD = 18V 
VOL15 {VDD = 15V, No Load 
VOH1i5 {VDD = 15V, No Load (Note 3) 


al 
2.8 
2.3 
Toto |voo= ov, vour-osv [+ 
Protis |voo=rev.vour-1ev | + 
Tionss [voo=sv,vour=25v 
aif 1on10_[voD=10v, vouT=98v 
Pon's [voD= tev, vOuT=135v 
al 
a oe 


VDD = 20V, VIN = VDD or GND 


VDD = 2.8V, VIN = VDD or GND 
VDD = 18V, VIN = VDD or GND © 


VPTH_ IVSS = OV, IDD = 10p1A 


Cc 


es] =) =] ts} 133) ]2 1208) fella] fe eel ee 


Pa 
ae 
ee 
[5% | 100 


ia ea 
Pease Le 
be ee 
aes ee: | -100 | 
Le 1000 | 
ae 
Zz 
lesen Lad 
ae eae a ee ee 
=a 
14.95 
oe ey 
ae 
eee ae 
a eee 
(arr eae 
aa 


nA 
nA 
nA 
nA 
nA 


+25°C, +125°C, -55°C 


ed 


[ase fer [28 
VOH>|VOL<| V_ 


VDD/2 | VDD/2 


35 | 
Eee 
poe ae 
aoa 
a 
| 2.8 | 


+125°C 


7 
’ (ae : +25°C 
B 


+25°C, +125°C, -55°C ae 
+25°C, +125°C, -55°C ia 
425°C, +125°C, -55°C a 


Lee] 425°C, +125°C, -55°C 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. 
2. Go/No Go test with limits applied to inputs. 


is 0.050V max. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
PARAMETER SYMBOL | CONDITIONS (NOTE 1,2) | SUBGROUPS | TEMPERATURE UNITS 


Propagation Delay 


Aor B to F (Logic Mode), aoe 
AorBtoGorP +125°C, -55°C 
2 | 


sau | 10,11 | +125°C,-55°C | - | 


Ere [i [ne [Foe oe 
Cn to Cn+4 TPLH4 4011 +125°C, -55°C 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | 425% | 


NOTES: 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


Supply Current VDD = 5V, VIN = VDD or GND 
VDD = 10V, VIN = VDD or GND 


y VDD = 15V, VIN = VDD or GND 
Output Voltage Lod VDD = 5V, No Load | 
+25°C, +125°C, 
-55°C 


LIMITS 
TEMPERATURE 
-55°C, +25°C 

+125°C 
-55°C, +25° 
+125°C 
-55°C, +25°C 
+125°C 
+25°C, +125°C, 


U 


.@) 


Output Voltage VOL | VDD = 10V, No Load eo 

Output Voltage VOH |VDD =5V, No Load +25°C, +125°C, 
-55°C 

Output Voltage VOH_ {VDD = 10V, No Load Leg +25°C, +125°C, 

-55°C 


Output Current (Sink) IOL5 | VDD =5V, VOUT =0.4V +125°C 
| -55°C 
Output Current (Sink) IOL10 | VDD = 10V, VOUT =0.5V +125°C 
55°C 
Output Current (Sink) ‘1OL15 | VDD = 15V, VOUT = 1.5V +125°C 
| -55°C 
Output Current (Source) Saat VDD = 5V, VOUT = 4.6V 
Output Current (Source) ae VDD = 5V, VOUT = 2.5V 
Output Current (Source) aan VDD = 10V, VOUT = 9.5V 


+125°C 
-55°C 

+125°C 
-55°C 

+125°C 
-55°C 


sISSBAARMHSGS Hs SIRPREE 
.@) 
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Specifications CD40181BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| | | | LIMITS 
PARAMETER =|SYMBOL| — CONDITIONS. NOTES |TEMPERATURE| MIN | MAX | UNITS 


Output Current (Source) ee ee ee 
Input Voltage Low VDD = 10V, VOH > 9V, VOL < 1V [fe ey) +25°C, +125°C, ae oe oe 
ag 9 | | : -55°C | 
Input Voltage High- VDD = 10V, VOH > 9V, VOL < 1V = | +25°C, +125°C, ey ee 
-55°C 
Propagation Delay TPHL1 ©] VDD = 10V ee 
Aor B to F (Logic Mode) | TPLH1 VDD = 15V 425°C F 
AorBtoGorP ; ad 
Propagation Delay TPHL2 [VDD = 10V |] 4230 | +25ec | - | 400 | ons 
ASBIF,GrterAsB| TUE [yon = tv x Ec 
Propagation Delay TPHL3 | VDD = 10V | 423  [  +asc |= | 270 | ons | 
CntoF TANS [vop=isv | ts Teese [= | 200 | ons 
Propagation Delay | TPAL¢ [VOD=10V EX So 
rib dati TPun4 [op =18V a oO 
Transition Time TTHL | VDD = 10V a ee ee ee ee 
TH [yop =15v oO 
| 2 | | - | 75 | oF 


NOTES: _ et : 
_ 1. All voltages referenced to device GND. 


- 2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. _ 4 


8. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


TABLE 4..POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


N Threshold Voltage VNTH |VDD = 10V, ISS =-10HA 


N Threshold Voltage | AVTND {VDD = 10V, ISS =-10pA ? _ +25°C V 
Delta i +e es. | 
V 


P Threshold Voltage VSS=0V,IDD=10pA 


P Threshold Voltage D 
+25°C VOH > 
fe VDD/2_ 


NOTES: 1. All voltages referenced to device GND. - ' 3. See Table 2 for +25°C limit. 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. | 4. Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


| PARAMETER SYMBOL | DELTALIMIT. 
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TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | DELTA LIMIT 
Output Current (Sink) + 20% x Pre-Test Reading 
Output Current (Source) JOH5A + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


oaiwow) | _somsoos | 4.7.9.0 id 
[oaiwowty) +t sommesoos | —a7.9,0ems 
Fates ——~*d;Ctoom soos | CaO SSCS 
fooupa*d:CSarpions | nareaeaaion | 
oe a 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION . 


MIL-STD-883 TEST | | READ AND RECORD 
CONFORMANCE GROUPS METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


Group E Subgroup 2 Table 4 eo Table 4 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR — 
FUNCTION OPEN GROUND VDD ov+-05v | S0kKHz | 25kHz | 
StaticBur-int | 9-11, 13-17 | 1-8, 12, 18-28 24 
(Note 1) . . 
StaticBur-In2} 9-11, 13-17 12 1-8, 18-24 
(Note 1) 
Dynamic Bum- 46, 8, 12 3, 24 9-11, 13-17 1, 2, 18-23 7 
In (Note 1) . 
ail iad Le 7 _ a aes es 


1. Each pin except VOD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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| Logic Diagram 


ore 
fog 


sna ne ca G'S 
= A A 


ip 
a 


BY CMOS PROTECTION 


* ALLINPUTS ARE PROTECTED 
NETWORK 


cAAl 


ek 4A 


A | 
AA A 


Ne 


x4 e 
lz 
< 


cereal 


A 
A 


aAlAA 


/\ 


> 
| VDD 
vss 


FIGURE 1. ACTIVE LOW DATA 
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TRUTH TABLE 


INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH 


ARITHMETIC* FUNCTION M =L 


0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


(A + B) plus 1 
Zero 

A plus AB plus 1 

(A + B) plus AB plus 1 
A minus B 

AB 

Aplus AB plus 1 

A plus B plus 1 

(A + B) plus AB plus 1 
AB 

Aplus A plus 1 

(A + B) plus A plus 1 
(A + B) plus A plus 1 


A plus (A + B) plus 1 
AB plus (A+B) |ABplus (A+B) plus 1 
A minus B minus 1 [A minus B 
B (A +B) plus 1 
A plus (A + B) plus 1 


—~—i we wero erer es QO OCcododcad he 


44 00++004+004++00]2 | 


—~—@t@ tt OOOOH Ft aw st OOO OC 


Jeaos-o-0-0-0-0-0-0 8 | 


* Expressed as two's complement 
1 = High level 
0 = Low level 


Typical Performance Characteristics 


AMBIENT TEMPERATURE (Ta) = +25°C Ll 


E e 
= GATE-TO-SOURCE VOLTAGE (VGS) = 15V g oO 
2s , g S 
cc Ive oO 
3 3 _ 
¢* : 
So 5 
BS : 
0 5 10 45 | 
DRAIN-TO-SOURCE VOLTAGE (VDS)(V) : DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS | CHARACTERISTICS | 
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pies! rerrotmance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) : DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 ) 15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -6V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) - 
OUTPUT HIGH (SOURCE) CURRENT (OH) (mA) | 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


AMBIENT TEMPERATURE (Ta) = +25°C 


- PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
— > 
8 Ss 
TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIME AS A FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
FUNCTION OF LOAD CAPACITANCE (FOR A ORB LOAD CAPACITANCE 
TO F, LOGIC MODE 


mee evel eel ee 
| __- Aff! 
cor 
s mall 
3 mall 
a — 
& Toe {tt 
i Cot tt 
z ry Hy 
= new amy 1.8 Tr 
e A TT 
< 7.8" 4 cH. 
z LALLA mall 
a e'Say CHET 
Ui ate LOAD CAPACITANCE 1 
3 ay | At mes CL = 50pF ' 
a. 1 ail ut CLs 15pF i 
10? 4 Riilamll 2 468 468: 2 4 uf 
1 10 107 108 108 10° 


INPUT FREQUENCY (fIN) (kHz) 
FIGURE 8. TYPICAL DYNAMIC DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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TABLE A. AC TEST SETUP REFERENCE (ACTIVE LOW DATA) 


AC PATHS 
TEST DELAY TIMES 


SUMIN to SUMOUT 
SUMIN to G 


SUMIN to Cn+4 


Cn to SUMOUT 


Cn to Cn+4 


SUMIN to A =B 


* Add Mode: SO, $3 = VDD; S1, S2 = VSS. 
Subtract Mode: SO, S3 = VSS; S1, S2 = VDD. 


1, B2, B3, M, Cn 


TABLE B. MAGNITUDE COMPARISON 


1=High level 0 = Low level 


Chip Dimensions and Pad Layout 


122-130 
(3.099—3.302) 


a) 
ala ia 


L._-—s«4= 10 
(0.102-0.254) 
93-I01 
(2,363-2.565) 
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Dimensions in parenthesis are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in mils 
(10° inch). 


METALLIZATION: Thickness: 11kA —14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 


BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


SEMICONDUCTOR 


tt 


December 1992 : 


Features 
e High Voltage Type (20V Rating) 


¢ Generates High-Speed Carry Across Four Adders or 
Adder Groups 


High-Speed Operation 
- tPHL, tPLH =100 ns (typ) at VDD = 10V 


Cascadable for Fast Carries Over N Bits 
Designed for Use with CD40181BMS ALU 

100% Tested for Quiescent Current at 20V 

5V, 10V and 15V Parametric Ratings 

Standardized Symmetrical Output Characteristics 


Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 


Noise Margin (Over Full Package/Temperature Range) 
- 1Vat VDD = 5V 

- 2V at VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” | 


Applications 
¢ High-Speed Parallel Arithmetric Units 


¢ Multi-Level Look-Ahead Carry Generation for Long 
Word Lengths 


(CD40182BMS 


cmos Look-Ahead Carry Generator 


Description 


The CD40182BMS is isa higi-epeea icoxccnead carry gener- 
ator capable of anticipating a carry across four binary adders 
or groups of adders. The CD40182BMS is cascadable to | 
perform full look-ahead across n-bit adders. Carry, propa- — 
gate-carry, and generate-carry functions are provided as 
enumerated in the terminal designation below. | | 


The CD40182BMS,: when used in conjuction with the 
CD40181BMS arithmetic logic unit (ALU), provides full high- 
speed look-ahead carry capability for up to n-bit words. Each 
CD40182BMS generates the look-ahead (anticipated carry) 
across a group of four ALU’s. In addition, other 
CD40182BMS’s may be employed to anticipate the carry | 
across sections of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the CD40181BMS are active-high 
logic, and carry-generate (G) and carry-propagate (P) out- 
puts are active-low. Therefore the inputs and outputs of the 
CD40182BMS are compatible. 


The CD40182BMS is supplied in these 16-lead outline — 


- -packages: 
Braze Seal DIP H4V 
FritSeal DIP H1E 
Ceramic Flatpack © H6P 


The CD40182BMS is similar to industry type MC14582. 


Pinout 


CD40182BMS 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
Copyright © Harris Corporation 1992 


Functional Diagram 


ot 
elelaisl 


—.Cn+x 
Cn+y 
Cn+z 


asaAsl 


| 


VDD = 16 
VSS «8 


© 
= 
= 
) 
I 


FileNumber 3362 
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Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance Gia 8 
(Voltage Referenced to VSS Terminals) Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All!nputs ............. -0.5V to VDD +0.5V Flatpack Package ............ ‘yee. TO°C/W 20°C/W 

DC Input Current, Any One Input................. cc ceeees +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range................ -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ..............06- +265°C Device Dissipation per Output Transistor ............... 100mWw 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature ....... cc cece ccc ee ce ee eens +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS (NOTE 1) 


Supply Current VDD = 20V, VIN = VDD or GND 


TEMPERATURE | MIN | MAX |UNITS 


+125°C 
-55°C 

+25°C 

+125°C 


ae 
oe 
— 
| -100_ 
|-1000_ 
-55°C | -100 | 
Saeed 
zo 
ea 
a 


GROUP A 
SUBGROUPS 


se) 
Oo 


= 18V, VIN = VDD or GND 


NL = VDD = 20V 
VDD = 18V 
V 


= 
z 
< 
Ss) 
w) 
2 
9) 
Zz 
~) 


Input Leakage Current 


Input Leakage Current +25°C 
+125°C 
-55°C 
425°C, +125°C, -55° 
+25°C, +125°C, -55° 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+125°C 
-55°C 
+25°C, +125°C, -55°C 


425°C, +125°C, -55°C ee 


VDD = 18V 


ests] =] <]<)=}<f2 3) f2 128] f tee] fs le ef ss 


_ VIN=VDDorGND-  |VvDD =20V 


OL15 |VDD=.15V, No Load 
VDD = 15V, No Load (Note 3) 
VDD = 5V, VOUT = 0.4V 
VDD = 10V, VOUT = 0.5V 
VDD = 15V, VOUT = 1.5V 
e 
; 


Q 1, oO 


< 
O 
Oo 
33) 
< 
< 
2) 
Cc 
+ 
i 

nm 
o 
< 


O;FOT;TOLOLITOILOTOILO 
|] rperpecrnreeirpacrnrewséticic 
Sisisisiciscivcisc 
Sicrpewpimeoeipoerec#inre#eire 
Cn ee i ne ne a ee ee oe ee oe ee ee 
QITOATOLOAQIOIOI <I < 
efeliciclictictitoto 
RSISTSIS/S3 33 12/2 
P@ISiI®igaieislsls 
2/2/2/2/212/1918 
Ce oe ee ee ae 
NININIWMNI nin 
oicoljol/sSisl|S 
eliclic =| = 
alal6e /ZIZIiz 
ee ee ad 


| IOHSA |VDD = 5V, VOUT = 4.6V 
olf 10H 
e VDD = 10V, VOUT = 9.5V 
VDD = 15V, VOUT = 13.5V 
VDD = 10V, ISS = -10pA 


P Threshold Voltage VSS = OV, IDD = 10nA 

VDD = 2.8V, VIN = VDD or GND 
VDD = 20V, VIN = VDD or GND 
= 18V, VIN = VDD or GND BA 
VDD = 3V, VIN = VDD or GND 


ie VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VIL 
VIH 
VIL 

IH 


Output Current (Source 


=——_Z 


Oo =a 
| > 


| 1000 | 
Fao © 
ho 
| - | 
Loe 
} 100 | 
| 1000 | 
100 
50 
14.95] - | 
Peed 
om 
fa 
| 0.53 
“1.4 
335 | 
| 2.8 | 
VOL < 
vDD/2 


< 
7) 
Oo 
@ 
O 


(Note 2) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V 


VDD = 15V, VOH > 13.5V, 


ro 
oa 
-) 
Q 
+ 
ody 
NO 
2 
Q) 


, 65°C 


3/2223 5 Zz 

fe) 

EEE /82 (82 5 

S(|LSILSILS B 
S| bl & ° 
agai cai & a. 
Or oF; @® < 
mi TL fo) 

S/ =] S| 2 Ey 

p » im 2 


(Note 2) VOL < 1.5V 
put Voltage High | V VDD = 15V, VOH > 13.5V, +25°C, +125°C, -55°C}| 11 
(Note 2) VOL < 1.5V 


NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 
implemented. - is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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CONDITIONS (NOTES 1, 2) 
VDD = 5V, VIN = VDD or GND 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS == its . 
ronan perce a 
_ PARAMETER __ | SYMBOL SUBGROUPS | TEMPERATURE| MIN | MAX | UNITS 

Propagation Delay 

P, G Into P, G Out and . 

Cary us ee Eee 
Propagation Delay | TPHL2 |VDD=5V,VIN=VDDorGND | 9 | +25 -.-| - | 480] ns - | 
ne (ot | wesc. | | we | oe 
Transition Time TTHL |VDD=5V,VIN=VDDorGND | 9 | +25°c | - | Pons | 
a El ee cee ee 
NOTES: | 

1. CL=50pF, RL = 200K, Input TR, TF < 20ns. Se | 

2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
| TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

Supply Current : 


SYMBOL Sei NOTES | TEMPERATURE 
VDD = 5V, VIN = VDD or GND | -55°C, +25°C 
H125°C 


LIMITS 


UNITS 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
| a +125°C 
VDD = 15V, VIN = VDD or GND 


-55°C, +25°C. 
+125°C 
+25°C, +125°C, 


Output Voltage VDD = 5V, No Load 
; . | 55°C 
| Output Voltage VDD = 10V, No Load 41,2 425°C, +125°C, 
; -55°C 


DS) 


He 2 VDD = 10V, No Load 
Output Current (Sink) - lIOL5 =| VDD = SV, VOUT = 0.4V 
Output Current (Sink) — 10L10 | VDD =10V, VOUT = 0.5V 


-55°C 
Output Voltage +25°C, +125°C, 
-55°C 


Output Voltage [er VDD = 5V, No Load +25°C, +125°C, 


+125°C 
; -55°C a 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
_ -55°C 
+125°C 
55°C 
+125°C 
— -55°C 
— +425°C 
= -55°C 
+25°C, +125°C, 
-55°C 


Output Current (Sink) IOL15: | VDD = 15V, VOUT = 1.5V : 
Output Current (Source) eee VDD = 5V, VOUT = 4.6V 
VDD = 5V, VOUT = 2.5V 


Output Current (Source) “115 |. 


| Output Current (Source) 
Output Current (Source) | 


Input. Voltage Low 


VDD = 10V, VOUT = 9.5V - 
VDD =15V, VOUT = 13.5V 


VDD = 10V, VOH > SV, VOL < 1V 


Pell el eB REPRE 


VOL 
VOL - 
VOH 
VOH 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Propagation Delay 
P, G In to P, G Out and 


Carry Outs 


Propagation Delay TPHL2 | VDD = 10V 
Cn to Carry Outs TPLH2 VDD = 15V 


Transition Time TTHL 
TTLH . 
Input Capacitance CIN 
‘NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, RL = 200K., Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 20V, VIN = VDD or GND 


VDD = 10V, ISS =-10pA 
a 


VSS=0V,IDD=10pA V 


V 


VDD = 3V, VIN = VDD or GND 


F VDD = 18V, VIN = VDD or GND 


1,4 
AVTP. |VSS =O0V, IDD = 10pA Loe 4 425°C 


425°C VOH > vo 
vob/2 | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL = 50pF, AL = 200K, Input TR, TF < 20ns. 4, Read and Record i 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 
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‘TABLE 6. APPLICABLE SUBGROUPS | = 


MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS . READ AND RECORD 


[PoAwoet) + s0onsoos | SCs SCS 


5004 ’ 
[ PpAWWoet) + t0oms00s | Deme YSCSCSC~*S 
subproupes | samposos [ung 
feoupd———SSS*C Sapo soos | OOO 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


Subgroups 1,23 . 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST : READ AND RECORD 
CONFORMANCE GROUPS METHOD 


PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


Static Burn-In 1 
(Note 1) 


Static Burn-In 2 


(Note 1) - 


Irradiation 
(Note 2) 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 


TABLE 9. TERMINAL DESIGNATIONS 


DESIGNATION TERM. FUNCTION 
Active-Low 
Carry-Generate 
Carry-Propagate 
inputs 
Active-High 
Carry Input 


Active-Low 


Inputs 
Cn +x, Cn+y, Cn +z Active-High 
Carry Outputs 


Dy 
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TABLE 9. TERMINAL DESIGNATIONS (Continued) 


DESIGNATION TERM. FUNCTION 


Active-Low 
Group 

Carry-Generate 
Output 


Active-Low 

Group 

Carry-Propagate 
Output 


Logic Diagram 


(~) “ol 


5 


mill 


es. | 

ot 
Vv 
L 
Ss) oI 


WAY, 
——7 a | ee 
=a] 


() 81 @) al 


Cn+z 


1> 6 


—all 
JU 
7 


@)8l@) si 
ai 


a 
, 
ID 
> : 
Pi Cn+ © 
: y Oo 
‘ 1 > od) >—I>@ S 
eK OPS 
*@) i> 
“md 
‘Op ;D— ee a 
* @ >: , ) > wy *ALL INPUTS ARE 
PROTECTED BY COS/MOS 
Ch, PROTECTION NETWORK 


FIGURE 1. CD40182BMS LOGIC DIAGRAM - 


CD40182BMS LOGIC EQUATIONS 


Cn+x = GO+PO°Cn 

Cn+y = G1i+PieG0+P1eP0eCn 

Cn+z = G2+P2¢G1+P2¢P1eG0+P2eP1e«P0eCn 
G = G3+P3eG2+P30P2eGi+P3eP2ePieGO 
P = P3eP2eP1eP0 
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Typical Performance Characteristics 


Sa cs 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = 5V 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) - 


OUTPUT LOW (SINK) CURRENT (IOL) (mA) 


_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


‘FIGURE 3.. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


LOAD CAPACITANCE (CL) (pF) 
FIGURE 6. TYPICAL TRANSITION TIME AS A FUNCTION OF 


AMBIENT TEMPERATURE (Ta) = +25°C 


PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 


0 10 20 30 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- 


LOAD CAPACITANCE TION OF LOAD CAPACITANCE (P, G IN TO P, G 
OUT AND CARRY-OUTS) 
1" 1 FANBIENT TeWrERATURE Ga) = ao Foe 
5 : PL EE or 
Ss 10° a SUPPLY VOLTAGE (VDD) = 15V dal 
a ° SS _’.a 
2. 4 Ss ee ee a se y.@a8 
ee aei 
oe oy ce 
= 8 Tetra (lass as 
wo - es es ae >| ae 
e SHH a 
COU aa eo : 
a. ae aa =s S 
: SoG} A\ii | i 
wv AAA Till i 
2 468 2 468 2 468 2 468 
1 10 107 10° 104 


INPUT FREQUENCY (fi) (kHz) 
FIGURE 8. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 


(4) CD40181BMS 


CARRY CARRY 


OUT 


Cn GO PO Cn +x G1 P1 Cn+y G2 P2 Cn+z G3 P3 


CD40182BMS 


LOOK-AHEAD 
OUTPUTS 


FIGURE 9. 16-BIT TWO-LEVEL LOOK-AHEAD ALU 
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'CD40182BMS 


(16) CD40181BMS 


Bis "GO PO Cn +x Gt PI Cn+y G2 P2 Cn+z Ll ‘GOPO Cn+x G1P1 Cn+y G2P2 Cn+z G3 P3 
CD40182BMS | . G P 


Cn 
GOPO Cn+x ‘ a GIPT Chey 


-CD40182BMS 


Cn 


CD40182BMS 


FIGURE 10. 64-BIT FULL CARRY LOOK-AHEAD ALU IN 3 LEVELS 


CD40181BMS 


GO PO Cn+x GIP1 Cn+y 
Cn 


GO PO Cn+x G1 P1 Cn+y G2 P2 Cn+z G3 P3 
Cn 


CD40182BMS CD40181BMS 


FIGURE 11. COMBINED TWO-LEVEL LOOK-AHEAD AND RIPPLE-CARRY ALU 


Chip Dimensions and Pad Layout 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


83-91 
(2.109~ 2.311) 


The photographs and dimensions of each CMOS chip represent a chip when 

it is part of the wafer. When the wafer is separated into individual chips, the an- 

gle of cleavage may vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ slightly from the 
nominal dimensions shown. The user should consider a tolerance of -3 mils to 

+16 mils applicable to the nominal dimensions shown. 


Dimension in parenthesis are in millimeters and are derived from the basic inch 
dimensions as indicated. Grid graduations are in mils (10° inch). 
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Features 


e CD40192BMS - BCD Type 
e CD40193BMS - Binary Type 
e High Voltage Type (20V Rating) 


Individual Clock Lines for Counting Up or Counting 
Down 


Synchronous High-Speed Carry and Borrow Propaga- 
tion Delays for Cascading 


Asynchronous Reset and Preset Capability 
e Medium Speed Operation 

- fCL = 8MHz (typ.) at 10V 
e 5V, 10V and 15V Parametric Ratings 
e Standardize Symmetrical Output Characteristics 
100% Tested for Quiescent Current at 20V 
Maximum Input Current of 1A at 18V Over Full Pack- 
age Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Over Full Package/Temperature Range) 
- 1V at VDD = 5V 
- 2V at VDD = 10V 
- 2.5V at VDD = 15V 
Meets All Requirements of JEDEC Tentative Standard 


No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

¢ Up/Down Difference Counting 

e Multistage Ripple Counting 

e Synchronous Frequency Dividers 

¢ A/D and D/A Conversion 

e Programmable Binary or BCD Counting 


CD40192BMS 
CD40193BMS 


CMOS Presettable Up/Down Counters 
(Dual Clock With Reset) 


Description 


CD40192BMS Presettable BCD Up/Down Counter and the 
CD40193BMS Presettable Binary Up/Down Counter each con- 
sist of 4 synchronously clocked, gated “D” type flip-flops con- 
nected as a counter. The inputs consist of 4 individual jam lines, 
a PRESET ENABLE control, individual CLOCK UP and 
CLOCK DOWN signals and a master RESET. Four buffered Q 
signal outputs as well as CARRY and BORROW outputs for 
multiple-stage counting schemes are provided. 


The counter is cleared so that all outputs are in a low state by a 
high on the RESET line. A RESET is accomplished asynchro- 
nously with the clock. Each output is individually programmable 
asynchronously with the clock to the level on the corresponding 
jam input when the PRESET ENABLE control is low. 


The counter counts up one count on the positive clock edge of 
the CLOCK UP signal provided the CLOCK DOWN line is high. 
The counter counts down one count on the positive clock edge 
of the CLOCK DOWN signal provided the CLOCK UP line is 
high. 


The CARRY and BORROW signals are high when the counter 
is counting up or down. The CARRY signal goes low one-half 
clock cycle after the counter reaches its maximum count in the 
count-up mode. The BORROW signal goes low one-half clock 
cycle after the counter reaches its minimum count in the count- 
down mode. Cascading of multiple packages is easily accom- 
plished without the need for additional external circuitry by tying 
the BORROW and CARRY outputs to the CLOCK DOWN and 
CLOCK UP inputs, respectively, of the succeeding counter 
package. 

The CD40192BMS and CD40193BMS are supplied in these 
16-lead outline packages: 


Braze Seal DIP *H4W, TH4X 
Frit Seal DIP H1F 

Ceramic Flatpack *H6R tH6W 
* CD40192B Only +CD40193B Only 


Pinout 


CD40192BMS, CD40193BMS 
TOP VIEW 


Functional Diagram 


PRESET 
ENABLE 
Qi 

Q2 

Q3 

Q4 
BORROW 
CARRY 


CLOCK UP 
CLOCK DOWN 


VDD = 16 
VSS «8 


RESET 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3363 


Copyright © Harris Corporation 1992 7-1419 


Specifications CD40192BMS, CD40193BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ..... Enea Rasa aares -0.5V to+20V ‘Thermal Resistance Bia Bic 
(Voltage Referenced to VSS Terminals) | . | Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package ..........eeeee- 70°C/W 20°C/W 

DC Input Current, Any One Input................ cece ee eee +10mA Maximum Package Power Dissipation (PD) at +125°C oo 

_ Operating Temperature Range........... re -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)..... -, .500mW 

Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... 65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) .............008+ +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum 7 . ’ | Junction Temperature .......... Airaid ats aioe A Reo Cate +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS | 


| | GROUPA | | 
PARAMETER | SYMBOL CONDITIONS (NOTE 1) | |SUBGROUPS| TEMPERATURE | MIN | MAX |UNITS 
Supply Current VDD = 20V, VIN = VDD or GND 425°C 


VIN = ae ce 
VDD = 20V +25°C | -100 | - | nA | 
am __stasrc | 1000 |__| nA 
pers 
i 2 +125°C | = | 1000 | nA | 
VDD = 18V a nA 
Pan 


+25°C | nA 
seo | - | 100 | ma | 
425°C, +125°C, -55° | 50 | mv | 
+25°C, +125°C, -55° 
+25°C 
+25°C 
| +25°C | 


0.53 | 
p14 
| 35 | 
425°C a al 
cea 
pees 
Ea 


‘?) 
s 
< 


1495] = | Vv 
p= | ma | 
p= fem | 
a eS 
0.53 
ee 
35 


318 | 
07 | 


Pee 
1 425°C pos | 
+25°C 
+25°C 
425°C -0.7 


+25°C «| VOH>|VOL<| V 
50 | VODr2 | voD/2 

+125°C . 

55°C 


425°C, +125°C, -55° Cae | 
kal 
ha hd 


8 
8 


> 


iss] 
‘?) 


2) 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


Input Voltage Low VDD = 15V, VOH > 13.5V, 
(Note 2) . VOL < 1.5V 

Input Voltage High VDD = 15V, VOH > 13.5V, 
(Note2) ~ VOL <1.5V 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. Foraccuracy, voltage is measured differentially to VDD. Limit 


implemented. | is 0.050V max. _— 
2. Go/No Go test with limits applied to inputs. oe 


+25°C, +125°C, -55°C 


'?) 


V 
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Specifications CD40192BMS, CD40193BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Propagation Delay 
Clock Up or Clock Down 
toQ 


Propagation Delay TPHL2 {| VDD = 5V, VIN = VDD or GND 
Reset to Q 

Propagation Delay TPHL3 | VDD = 5V, VIN = VDD or GND 
PE toQ TPLH3 


Propagation Delay TPHL4 | VDD =5V, VIN = VDD or GND 
Clock Up to Carry, Clock | TPLH4 


Down to Borrow . , 
TPLHS | . 
Propagation Delay TPHL6 {VDD = 5V, VIN = VDD or GND 


-TPHL1 
TPLH1 


+125°C, -55°C 
2 


+ 
+125°C, -55°C 
+125°C, -55°C 


+125°C, -55°C 


10, 11 


27 


oO 


PE to Borrow or Carry 

| 5 
Transition Time TTHL | VDD =5V, VIN = VDD or GND 
ee i eee 
Maximum Clock Input FCL |VDD=SV, VIN = VDD or GND ae 425°C 
py | [eee Lee 


NOTES: : 
1. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS . 


UNITS 


_ 


= 


SIELSIS 


PARAMETER __| SYMBOL ees NOTES | TEMPERATURE 
55°C, 
-55°C, +25°C 
VDD = 15V, VIN = VDD or GND ‘ 
+125°C 


Supply Current VDD = 5V, VIN = VDD or GND 5°C, +25°C 
VDD = 5V, No Load 1,2 +25°C, +125°C 
i -55°C 


5 


Output Voltage 


Output Voltage 


Output Voltage 


VDD = 5V, No Load +25°C, +125°C 
-55°C 
VDD = 10V, No Load +25°C, +125°C, 
| 55°C 


VDD = 5V, VOUT = 0.4V 1,2 +125°C 


4125°C 


: +125°C 
VDD = 10V, VIN = VDD or GND 
’ = -55°C, +25°C 
VDD = 10V, No Load +25°C, +125°C, 
-_ ee -55°C 


Output Voltage | 


Output Current (Sink) JOL5 
Output Current (Sink) IOL10 =} VDD = 10V, VOUT = 0.5V . 
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4.95 
0.3 


6 


> 


VOL 
VOL 
VOH ) 
VOH 
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Specifications CD40192BMS, CD40193BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ae | | | | LIMITS 
PARAMETER | |SYMBOL{ —-_ CONDITIONS. NOTES |TEMPERATURE| MIN | MAX | UNITS 
Output Current (Sink) IOL15 | VDD = 15V, VOUT = 1.5V ee ee ee ee 
Output Current (Source) = 5V, = 4, . +125°C 
Output Current (Source) 
Output Current (Source) 


Output Current (Source) IOH15 


< 
we) 
oO 
a 
< 
< 
O 
Cc 
nar 
p~ 
fo) 
< 


+125°C 
55°C. 
+125°C 
-55°C 
+125°C 
-55°C 
+25°C, +125°C, 


< 
O 
Cc 
co | 
i 
nN 
on 
< 


= 10V, VOUT = 9.5V 


VDD =15V, VOUT = 13.5V 


< 
Oo 
oO 
\ 
on 
< 


Input Voltage Low VIL VDD = 10V, VOH > 9V, VOL < 1V 
Input Voltage High VIH 


Propagation Delay | TPHL1 
Clock Up or Down to Q TPLH1 
Propagation Delay TPHL2 = 10V 
Reset to Q ~ 15V 
" | Propagation Delay: TPHL3 | VDD=10V 
PE toQ TPLH3 ~ 


a BH 
O Q 


s) 
oO 


< 
s 
o 
t 
S 
< 
< 
O 
= 
Vv 
ice} 
< 
< 
,e) 
O 
A 
=_, 
< 


+25°C, +125°C, 7 
-55°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Le) 


PPE EM IE] ell) Peel 


= 10V 


< 
0 
7) 


<i</< 

0O;0;0 

O1O0;9 
! 

_ 

on 

< 


< 
oO 
Oo 
_ 
a 
< 


as 
C 
fe) 


Propagation Delay TPHL4 425°C 160 
PE to Borrow or Carry TPLH5 VDD = 15V +25°C 
Propagation Delay VDD = 10V 425°C 
Reset to Borrow or Carry | TPLH6 VDD = 15V 425°C 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
- +25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 


Transition Time TTHL1 = 10V 
a = 15V 


Maximum Clock Rise and VDD = 5V 
Fall Time ery 
= 15V 
VDD = 5V 
-TVDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 
VDD = 5V 
VDD = 10V 
VDD = 15V 


Minimum Removal Time 
Reset or PE 


So 


Minimum Pulse Width 
Reset 


Minimum Pulse Width PE 


© 


0 


< <i< 
Oo O};oO 
oO O;OoO 


= 


ad 
EB 
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Specifications CD40192BMS, CD40193BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Minimum Clock Pulse 


ma | 7 . |VDD=10V 


VDD = 15V 
Input Capacitance All Other Inputs : 


NOTES: 
1. All voltages referenced to device GND. 
2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 
_3. CL = 50pF, RL = 200K, Input TR, TF < 20ns. 


_ 4. If more than one unit is cascaded, TRCL should be made less than or equal to the sumof the transition time and the fixed propagation . 
' delay of the output of the driving stage for the estimated capacitive load. 


5. The time required for RESET or PRESET ENABLE control to be removed before clocking..See timing diagram defining TREM. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
N Threshold Voltage AVTN | VDD = 10V, ISS = -10pA 1,4 +25°C 
Delta | | 


| LIMITS 
PARAMETER SYMBOL NOTES TEMPERATURE UNITS 
NOTES: 1. All voltages referenced to device GND. . 3. See Table 2 for +25°C limit. 


P Threshold Voitage - AVTP [VSS = OV, IDD = 10pA 1,4 +25°C +1 
Delta | 7 
2. CL = 50pF, RL = 200K, Input TR, TF < 20ns. - 4. Read and Record 


N Threshold Voltage |. VNTH | VDD =10V, ISS=-10uA 
V 
V 
V 
Functional F | VDD = 18V, VIN = VDD or GND +25°C | VOH> | VOL<] V- 
| VDD = 3V, VIN = VDD or GND . bdoeiae) Rica (a 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


SvNBOL 
Sump Guren-wst2 | > [ria 
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‘Specifications CD40192BMS, CD40193BMS 
TABLE 6. APPLICABLE SUBGROUPS 


7 MIL-STD-883 
CONFORMANCE GROUP METHOD ‘GROUP A SUBGROUPS READ AND RECORD 


TPoawwoet) +t _toomsoos | —anvaDeme OP SSCSCS 
TPoawwoet) +t toomsoe |i @Demae CESS 
Fratest ~*~ soe CeO PCS 
[Groups | Samplesoos | taa7eneaaion [SS 
sweropes | samposos [azo dSCSCSCSC~*S 
[gore | samp snos | na a.anane | Sidgouen aa sd 


NOTE: 1. 5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION 


. - MIL-STD-883 TEST READ AND RECORD 


CONFORMANCE GROUPS METHOD _ PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


OSCILLATOR 
FUNCTION eve-osv | soz | 25ktiz 


PART NUMBER CD40192BMS, CD40193BMS. 


_ | Static Burn-in 1 | 2,3, 6, 7, 12,13 | 1,4, 5, 8-11, 14, 

. | (Note 1) 15 

Static Burn-In2 | 2, 3, 6, 7, 12, 13: . 1,4,5,9-11, 

(Note 1) 14-16 

Dynamic Burn- 1,5,9-11, 15, 16] 2, 3; 6, 7, 12, 13 4 
In (Note 1) 

Irradiation 2,3, 6,7, 12, 13 1,4,5,9-11, 

(Note 2) 


14-16 
NOTES: 
1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Logic Diagrams 


Caovesasenvvwtavacanswsaveccavaunwvasaead 
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*CLOCK DOWN 


LOGIC 


Qi 


*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 


FIGURE 1. CD40192BMS LOGIC DIAGRAM (BCD) 
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Logic Diagrams (Continued) 
*RESET 


@ — 3 
oe aan: oomes a 


‘PE 
op 


Ceoveawaevecwcswvwaunawaanaaaaevunanaad 


(5) > d> 
o> Pt 


*CLOCK DOWN 


*ALL INPUTS PROTECTED BY 


vss COS/MOS PROTECTION NETWORK 


FIGURE 2. CD40193BMS LOGIC DIAGRAM (BINARY) 
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BWWSTESSVVSVSSVVW*ISN*SESVSSAPVBSVEVIVsVIVVs*eWlVSsVsss*V**VISavuswesesweesq es 


. 


FIGURE 3. INTERNAL LOGIC OF FLIP-FLOP 


TRUTH TABLE 


CLOCK UP CLOCK DOWN PRESET ENABLE RESET ACTION 
ea ae A 


1 = High Level . 0 = Low Level X = Don't Care 
oO 
Typical Performance Characteristics S 
ond 
Z g 
& & TE-TO-SO 
age fa 
3 3 
gS 20 g 
a a 
g 
: : 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) | DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT FIGURE 5. MIMIMUM OUTPUT LOW (SINK) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
“15 -10 5 0 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


H (SOURCE) CURRENT (IOH) (mA) 


15 6 


OUTPUT LOW (SINK) CURRENT (OL) (mA) 


OUTPUT Hi 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 6. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 7. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


400 


200 


TRANSITION TIME (tTHL, tTLH) (ns) 
rm 
oe 


5 
PROPAGATION DELAY TIME (tPHL, tPLH) (ns) 
n 8 
o °° 


0 20 40 60 80 100 0 10 20 30 40 50 60 #70 80 90 100 
—_ LOAD CAPACITANCE (CL) (pF)... . LOAD CAPACITANCE (CL) (pF) 
FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF FIGURE 9. TYPICAL PROPAGATION DELAY TIME AS A A 
‘LOAD CAPACITANCE . FUNCTION OF LOAD CAPACITANCE ~~ _- 
~ 10°F AMBIENT TEMPERATURE (Ta) = 425°C T1111 
‘gt iamiil 
3 ie 
pas CL 2 15pF tsssess 
s ? : PAB 
— 5 —\— wi rr . 
uw 10 sr Ty 7 /. TT 
E § | | | "7. Q” 2 
6 ‘Cr Pee 
fl AY aia 
10 = Eas 7a —T rr). 
z 8 = i jy am TT 
. 2 > i ae Am ttt 
scare (ee az mall 
om a Tht TT 
} 4 a ss on rr 
oF st TTT ft Pin. 
a ae oes Malle 
Bag? | | linn UY 
Pere 2468 2468 2468 2468 2468 
1 10 1 10° 104 10° 


INPUT FREQUENCY (fIN) (kHz) 
FIGURE 10. DYNAMIC POWER DISSIPATION 
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FIGURE 11. CD40192BMS TIMING DIAGRAM FIGURE 12. CD40193BMS TIMING DIAGRAM 
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FIGURE 13. TIMING DIAGRAM DEFINING trem 
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FIGURE 14. CASCADED COUNTER PACKAGES 
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Chip Dimensions and Pad Layout 
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ae ee (2.819-3.022) __—_sacs-2e930R1 


Dimensions and pad layout for the CD40192BMSH 
(dimensions and pad layout for the CD40193BMSH 
are identical). 


Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10° inch) 


METALLIZATION: Thickness: 11kA — 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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Features 


¢ High Voltage Types (20V Rating) 

¢ One Input and Two Output Buses 

¢ Unlimited Expansion in Bit and Word Directions 

¢ Data Lines have Latched Inputs 

e 3-State Outputs 

Separate Control of Each Bus, Allowing Simultaneous 
Independent Reading of any of Four Registers on Bus 
A and Bus B and Independent Writing Into any of the 
Four Registers 

100% Tested for Quiescent Current at 20V 
Standardized, Symmetrical Output Characteristics 

5V, 10V and 15V Parametric Ratings 

Maximum Input Current of 1A at 18V Over Full Pack- 
age-Temperature Range; 100nA at 18V and +25°C 
Noise Margin (Full Package-Temperature Range): 

- 1Vat VDD =5V 

- 2Vat VDD = 10V 

- 2.5V at VDD = 15V 

Meets All Requirements of JEDEC Tentative Stan- 
dards No. 13B, “Standard Specifications for Descrip- 
tion of “B” Series CMOS Devices” 


Applications © 
e Scratch Pad Memories 


Description 


The CD40208BMS is a 4 x 4 multiport register containing 
four 4-bit registers, write address decoder, two separate 
read address decoders, and two 3-state output buses. 


When the ENABLE input is low, the corresponding output 
bus is switched, independently of the clock, to a high imped- 
ance state. The high impedance third state provides the out- 
puts with the capability of being connected to the bus lines in 
a bus organized system without the need for interface or 
pull-up components. 


When the WRITE ENABLE input is high, all data input lines 
are latched on the positive transition of the CLOCK and the 
data is entered into the word selected by the write address 
lines. When WRITE ENABLE is low, the CLOCK is inhibited 
and no new data is entered. In either case, the contents of 
any word may be accessed via the read address lines inde- 
pendent of the state of the CLOCK input. 


The CD40208BMS types are supplied in hermetic 24-lead 
dual-in-line ceramic packages (D and F suffixes), 24-lead 
dual-in-line plastic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H suffix). 


The CD40208BMS is supplied in these 24-lead outline pack- 
ages: : 
Braze Seal DIP HNZ 


; O 
© Arithmetic Units Ceramic Flatpack H4P oj 
¢ Data Storage ° 
Pinout Functional Diagram 

CD40208BMS 
TOP VIEW WRITE 
ENABLE ENABLE A 


DATA ) D1 
INPUTS } p2 


WORD A 
OUTPUT 


WRITE 0 
WRITE 1 


READ 1A 


READ 0A WORD B 


OUTPUT 


READ 1B 
READ 0B 


Vpp 2 24 
Vgg 212 


ENABLE B 


CLOCK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


: File Number 3396 
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Specifications CD40208BMS 


Absolute Maximum Ratings Reliability Information 
DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance Gia 8 
(Voltage Referenced to VSS Terminals) Ceramic DIP and Frit Package ...... 80°C/W 20°C/W 
Input Voltage Range, All inputs ............. -0.5V to VDD +0.5V. Flatpack Package ..............6. 70°C/WW 20°C/W 
DC input Current, Any One Input. ..............0. cece eee +10mA Maximum Package Power Dissipation (PD) at +125°C . 
Operating Temperature Range..............-- -55°C to +125°C. Ss For Ty = -55°C to +100°C (Package Type D, F,K)....... 500mWw 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F,K) ...... Derate 
Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/°C to 200mW 
Lead Temperature (During Soldering) ..............06. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 


10s Maximum Junction Temperature ....... cece cee cece teen eee 175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS © 


GROUP A 
CONDITIONS (NOTE 1) 
VDD = 20V, VIN = VDD or GND 


VDD=18V,VIN=VDDorGND | 3 | 


VIN = VDD or GND VDD = 20 


= 
” 


TEMPERATURE 
+25°C 
+125°C 
-55°C 
+25°C 
+125°C 
-55°C 
- + +25°C 
+125°C 
-55°C 
425°C, +125°C, -55° 
5°C, +125°C, -55° 
+25°C 
+25°C 
+25°C . 
+25°C 
+25°C 


c 
rs 
=| 
wn 


voo=tev[ 3 


VDD = 20 


VIN = VDD or GND 


3) 
N r 
oi =i 

= 


VOL15 [VDD = 15V, No Load 
D= ; 1 


VDD = 5V, VOUT = 0.4V 

Output Current (Sink) 

Output Current (Sink) | 1OL15 [VDD=15v,voUT=1.5V_ | 

e)| IOHSA |vOD=5v,vouT=46V | 

e)| 1OH58 |VOD=5V,vouT=25V | 1 

e)| IOH10_|VDD=10V,voUT=9.5V | tt #25°C 
Pionts_|vop = = 


ro 
) 
ie) 


O;O;O 
ec recic 
Slicgig 
Sisis 
O1r<i< 
ciroilod 
AE 
8 ja la 
=a 1O01O 
@ 

| 

z= 


Oo 
Cc 
cg 
Cc 
4 
Q 
Cc 
— 
@ 
pe] 
~ 
~ 
n” 
°o 
¢ 
© 
— 


+25°C 


VNTH {VDD = 10V, ISS = -10pA 


. +25°C 


% —, 
oO 
N S 


P Threshold Voltage VPTH {VSS = OV, IDD = 10pA 
: +25°C 


SUBGROUPS 
VDD = 2.8V, VIN = VDD or GND H>| VOL < 
VDD = 20V, VIN = VDD or GND +25°C V2 | VOD/2 
VDD=18V,VIN=VDDorGND | 8A _ | +125°C 
. | 


<< 
oe) 
O 


C) VDD = 15V, VOUT = 13.5V +25°C 


‘?) 


Input Voltage Low 


VDD = 3V, VIN = VDD or GND -55°C 
1.5 
(Note 2) 


VDD = 5V, VOH > 4.5V, VOL < 0.5V +25°C, +125°C, -55° 
Input Voltage High = a 


+25°C, +125°C, -55° 


VDD = 5V, VOH > 4.5V, VOL <0.5V 
(Note 2) 


Input Voltage Low {VIL VDD = 15V, VOH > 13.5V, 
(Note 2) 3 VOL < 1.5V 

VIH_ =| VDD = 15V, VOH > 13.5V, 
VOL < 1.5V 


VIN = VDD or GND 
VOUT = OV | 


; 


2) 


+25°C, +125°C, -55° 


+25°C, +125°C, -55° 


35 Zlololo 
"lo V JIS 1S 15 
s 5 |e (8/2 
no< — Ss eS 
LS BIololo 
ty ole icisc 

Yistiatia 

= 2idglolo 

<isitsats 

Z S\F lala 

ba EISISIS 

o;SiIsis 

Q1rolo 

ee be ee oe 


+25°C 

~ +125°C 
-55°C 
+25°C 
+125°C 


(2s) 


VDD = 20V 


VDD = 20V 


Tri-State Output 
Leakage 


VIN = VDD or GND 
VOUT = VDD 


PREPBB] ts] <iBB BBP PEPER RRR 


©) 
So 
— 


VDD = 18V -55°C pA 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 
implemented. . is 0.050V max. 


2. Go/NoGo test with limits applied to inputs. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Clock or Write Enable toQ] TPLH1 | (Notes 1, 2) 4011 | +125°C, -55°C 
Read or Write EnabletoQ} TPLH2 | (Notes 1, 2) +125°C, -55°C 


LIMITS 


972 


Propagation Delay TPZH,HZ|VDD=5V,VIN=VDDorGND | 9 | 425°C 
3-State Disable Delay Time (Notes 2, 3) 10, 11 +125°C, -55°C 
Propagation Delay TPZL,LZ}VDD=5V,VIN=VDDorGND | 9 | 425°C 


3-State Disable Delay Time (Notes 2, 3) +125°C, -55°C 
TTLH | (Notes 1, 2) 40,11 +125°C, -55°C 
FCL |VDD=5V,VIN=VDDorGND | 9 | — +25°C 
Frequency 10,11 | 


+125°C, -55°C 
NOTES: 


1. VDD = 5V, CL = 50pF, RL = 200K 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 


NO 
N 
oO 


N 
N 
fo) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL NOTES TEMPERATURE 


Supply Current VDD = 5V, VIN = VDD or GND 55°C, +25°C 
+125°C 


VDD = 10V, VIN = VDD or GND -55°C, +25°C 
VDD = 15V, VIN = VDD or GND 55°C, +25°C 


VOL |VDD=5V, No Load +25°C, +125°C, 
-55°C 
VOL 
Output Voltage VOH 
Output Voltage VOH 


+25°C, +125°C, 
Output Current (Sink). 1OL4 


LIMITS 


UNITS 


| BA | 
m 
m 
V 
V 


% 


V 


B/S 


SES 


VDD = 10V, No Load 


VDD = 5V, No Load 4.95 


VDD = 10V, No Load 


-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 
+125°C 
-55°C 


> 


VDD = 4.5V, VOUT = 0.4V 


>| > 


VDD = 5V, VOUT = 0.4V 


-55°C 
+25°C, +125°C, 
55°C 
Output Current (Sink) IOL5 
Output Current (Sink) 10L10 
Output Current (Sink) 1OL15 


+25°C, +125°C, 


>| > 


VDD = 10V, VOUT = 0.5V 


> 


VDD = 15V, VOUT = 1.5V 


3 


2.4 


> 
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Specifications CD40208BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Ple]=fefelele lll ll] =felele el )) fel) lees 


+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
+25°C 
, +25°C 
+25°C 
+25°C 
+25°C 


| - LIMITS 

new i ell 
Output Current (Source) VDD = 5V, VOUT = 2.5V 
nn el ace 
Output Current (Source) VDD = 10V, VOUT = 9.5V 
ee ee 
Output Current (Source) VDD =15V, VOUT = 13.5V 
ans annie 

| , | -55°C 

-55°C 


Propagation Delay TPHL1 = 
Clock or Write Enable toQ] TPLH1 - 
Propagation Delay TPHL2 | VDD = 10V 

Read or Write Address toQ} TPLH2 = 
Propagation Delay PZL,LZ|VDD=10V — : 
Output Disable to Output 7 
Propagation Delay = | TPZH, HZ = 
Output Disable to Output | ~ 


Minimum Write Enable to | TS (WE) 
Clock Setup Time | 


170 


<i< < < 
0; 90 oO oO 
oO; oO Oo oO 
wh | ah a at 
oTro ol ol 
<j < < < 


< 
Oo 
oO 
pare 
on 
< 


<|< 
S|o 
o|o 
tt 
o/s 
< 


= 15V 70 


| 
S) 
Oo 


Minimum Data to Clock 
Setup Time 


< 
o) 
Oo 
il 

a 
< 


TS (D) 


< 
S| 
oS 
u 
3s 
< 


Minimum Write Address 
to Clock Setup Time 


| 


© to 


TS (WA 
TH (W 


<l<l<l<le 
slslsisis 
Slalololo 
tt 
ZilalslZia 
</|Z2/2 oH 


Minimum Write Enable to | TH (WE) = a +25°C 270 
|VDD=15V +25°C | 80 | 
Minimum Data to Clock | TH(D) | VDD =5V +25°C | 220 | 
eperkee _ [vp = 10v 425°C | 100. | 
25% = 
| Minimum Write Address | TH (WA) | VDD = 5V = 425°C | 330. | 
Paneer ee — [vpp = tov +25°C 140. | 
ee a 
Minimum Clock Pulse: 425°C | 350 
oe Clock or Write En- VDD = 10V 425°C 430 | 
VDD = 15V 425°C | 90 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL | sae | NOTES 


Minimum Clock Pulse | TW (WA) | VDD = 5V | 12,3 | 425°C 
Width, Write Address VDD = 10V 


MIN 
be 
23 eo 
23 a 

Maximum Clock Input | FL |vop=iov | 3 | zene | 85 
a ON se 
Clock Rise andFall Time | tcl [voD=sv_ | 3 | zee | 
| 2 ese ee 
p23 Lees 

P28 ea 

23 ed 

Pe ae 


TrarationTime | 17H 
is 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized on 
initial design release and upon design changes which would affect these characteristics. 


3. CL = 50pF, AL = 200K., Input TR, TF < 20ns 
4. CL = 50pF, AL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


UNITS 


VNTH | VDD = 10V, ISS =-10pA 
VPTH | VSS =O0V, IDD = 10pA V 


7 
: Ew 


| IDD | VDD = 20V, VIN = VDD or GND 


| MIN | MAX _| 
= 20V, ps | 8 
= 10V, | 28 | -02 
Delta 
| 02 | 28 | 
ae a 


Functional F VDD = 18V, VIN = VDD or GND VOH> | VOL < V 
| VDD = 3V, VIN = VDD or GND VDD/2 | VDD/2 


Propagation Delay Time TPHL | VDD =5V 
TPLH 


NOTES: 
1. All voltages referenced to device GND. 
2. CL = 50pF, RL = 200K, Input tR, tF < 20ns. 
3. See Table 2 for +25°C limit. 
4. Read and Record. 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER 
Supply Current - MSI-2 


Output Current (Sink) 
Output Current (Source) 
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TABLE 6. APPLICABLE SUBGROUPS | eg 


. . | | MIL-STD-883 
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


[PDAWo1) ~~ toomsoos | inves it CCS 
100% 5004 
[PDAWowt +t ~—toomsooe CT Detas 
Featost_ | too%sooe | 23,0a08,10, —*4SS—S 
[Grupa | Sampioso0s_| _123,7,a089,1007 | ——SsS—S~S—S 


Group B Subgroup B-5 — Sample 5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, Deltas Subgroups 1, 2, 3, 9, 10, 11 
___[Sutoroupes | Samposos [8 
GroupD = iss s—s—s—<—s~sSCsiY:Ss Sample 5005 1, 2, 3, 8A, 8B, 9 Subgroups 1,23 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. | 


~ CONFORMANCE GROUPS 


TABLE 7. TOTAL DOSE IRRADIATION 


MIL-STD-883 TEST READ AND.RECORD 


METHOD PRE-IRRAD POST-IRRAD PRE-IRRAD. POST-IRRAD 
Groupe Subgroup? [8005 [470 | Taos [49 | ‘Tabled 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


. OSCILLATOR 
FUNCTION 9V+-0.5V_ | _S50kHz | ——25kKHz 
Static Burn-in1 | 1,2, 4-7, 22, 23 
(Note 1) . . 
Static Burn-In2 | 1, 2, 4-7, 22, 23 3, 8-11, 13-21, 24 
(Note 1) 


3, 15, 16, 21,24 | 1,2, 4-7, 22,23 | 8,10, 14, 19,20 | 9, 11, 13, 17, 18 


1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V + 0.5V 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V a 4 oad 


Block Diagram 


WO W1 ROA RIA ROB R1B 


WORD A 
OUTPUT 


WORD B 


ENABLE B 
FIGURE 1. 
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Logic Diagram 
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_ *ALL INPUTS PROTECTED BY 
~  COS/MOS PROTECTION 
NETWORK 


FIGURE 2. 
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TRUTH TABLE 


WRITE vee READ | READ saris aie 
CLOCK | ENABLE ore 0A 1B Tee 


1 = High Level; 0 = Low Level; X = Don’t Care; Z = High Impedance 
NOTE: S1 and S2 refer to input states of either 1 or 0. | 


Typical Performance Characteristics 


WwW 
a 2 
8 20 ¢ 10.0 
z =. | 
g ZZ, 
aa 
B 2s 
DRAIN-TO-SOURCE VOLTAGE (VDS) (V) peubece uate VOLTAGE (VDS) (V) 
FIGURE 3. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- FIGURE 4. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS ACTERISTICS 
_ DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 0, 15 -10 5 | 0, 
AMBIENT TEMPERATURE (Tg) = +25°C q AMBIENT TEMPERATURE (Ta) = +25°C q 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V $6 = GATE-TO- SOURCE VOLTAGE (VGS) = 5V = 
a S 
15 « o 
a 3 
20 g | 
3 3 
g g 
-30 = = 
: : 
FIGURE 5. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 6. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 
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Typical Performance Characteristics (Continued) 


AMBIENT TEMPERATURE (Ta) = +25°C 


AMBIENT TEMPERATURE (Ta) = +25°C = 


PROPAGATION DELAY TIME (LtPLH, tPHL) (ns) 
TRANSITION TIME (tTHL, tTLH) (ns) 
& 


100 
50 
° 0 10 20 30 40 50 60 70 80 90 100 05 20 40 60 80 100 
LOAD CAPACITANCE (CL) (pF) LOAD CAPACITANCE (CL) (pF) 
FIGURE 7. TYPICAL PROPAGATION DELAY TIME AS A FUNC- FIGURE 8. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (CL OR WE TO Q) LOAD CAPACITANCE 

—{-—T SUPPLY VOLTAGE (VDD) = 15V, 
7 
a a mal 

= tt BY 

= 0 Gees (eae =_ 40 

a) a ZI 

= ae (eee aed 

z = AAT 

er al | Y 

a a wee — “a 

= TT = ‘40 

ia aa v.ul 

5 = Bae y ti 

ae Oe TH 

Wo? LL mal 

3 a 4 TY 

a 74 ma Oe oO 
ae ~ 
"AW (©) 
0.4 S 


0° 104 


10 107 1 
INPUT FREQUENCY (fl) (kHz) 
FIGURE 9. TYPICAL POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
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FIGURE 10. TIMING DIAGRAM 
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P.G. 2 _J LI Lo 
P.G. 3 fF Lo 


He REPETITIVE WAVEFORMS 


PULSE GEN. 3 


FIGURE 11. POWER-DISSIPATION TEST CIRCUIT AND WAVEFORMS 


P.G:1 JLILILIL CL 


VDD 


1 
PULSE GEN. 2 | | 
- <P.G.2 : ene 
. : ENABLE 
: INPUT | yep 
— vss 
1k is 
TO ANY 7 
OUTPUT ; — VDD 
_ a OUTPUTS VOH 
1 — vss 


FIGURE 12. OUTPUT-ENABLE-DELAY-TIMES TEST CIRCUIT AND WAVEFORMS 
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Chip Dimensions and Pad Layout 


0] 20 40 60 80 fete) i 129 
: . ! 1 


100 — 
80— 
4 | Ke == 
ao yee & 4-122 
os StF pugete Pel Re a RR TIM (2.996 -3.098) 
ay ea 
30 — eee 
Cm aT een ery yo Be . 
oa \ sepa es OR ee 
20 wi La = * ei oo on e 
o— 


| ™ 3-10 | 
= (0,102-0.254) 
| 126-134 


ee} 
(3.200-3.403) 


Dimensions in parenthesis are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 


METALLIZATION: Thickness: 11kA — 14kA, AL. 

- PASSIVATION: 10.4kA - 15.6kA, Silane 
BOND PADS: 0.004 inches X 0.004 inches MIN . 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 
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HARRIS CD40257BMS 


cmos Quad 2 Line to 1 Line 


December 1992 | | _ — Data Selector/Multiplexer 
Features . ey | Pinout | 
e High Voltage Type (20V Rating) — ) v CD40257BMS 
TOP VIEW 
e 3-State Outputs 7 


¢ 100% Tested for Quiescent Current at 20V 
5V, 10V and 15V Parametric Ratings 


Maximum Input Current of 1A at 18V Over Full Pack- - ; a 3 | 4] Ad 
age Temperature Range; 100nA at 18V and +25°C 


INPUT SELECT [1| 16] VDD 


Nolse Margin (Over Full Package/Temperature Range) | aos fal Da 
- 1V at VDD =5V | B2 [el Ta] a3 
- 2Vat VDD =10V 

- 2.5V at VDD = 15V 


e¢ Standardized Symmetrical Output Characteristics 


Meets All Requirements of JEDEC Tentative Standard 
No. 13B, “Standard Specifications for Description of 
‘B’ Series CMOS Devices” 


Applications 

e Digital Multiplexing 
e Shift Right/Shift Left Registers OUTPUT 
¢ True/Complement Selection i | | se 


Functional Diagram 


Description 


CD40257BMS is a data soeuisiuibes réaturina three 
State outputs which can interface directly with and drive data 
lines of bus oriented systems. 


The CD40257BMS is supplied in these 16-lead outline 
’ packages: 

Braze Seal DIP H4T 

Frit Seal DIP H1E 


Ceramic Flatpack §H3X INPUT VDD = 16 
SELECT VSS =8 


PERBBSRREZz 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3364 
Copyright © Harris Corporation 1992 7-1442 


Specifications CD40257BMS 


Absolute Maximum Ratings Reliability Information 

DC Supply Voltage Range, (VDD) ............... -0.5V to+20V Thermal Resistance Gin 6. 
(Voltage Referenced to VSS Terminals) _ Ceramic DIP and FRIT Package..... 80°C/W 20°C/W 

Input Voltage Range, All Inputs ............. -0.5V to VDD +0.5V Flatpack Package .............65- 70°C/W 20°C/W 

DC Input Current, Any One Input............. cece eens +10mA Maximum Package Power Dissipation (PD) at +125°C 

Operating Temperature Range.............26. -55°C to +125°C For T, = -55°C to +100°C (Package Type D, F, K)....... 500mW 
Package Types D, F, K, H For T, = +100°C to +125°C (Package Type D, F, K) ...... Derate 

Storage Temperature Range (TSTG)........... -65°C to +150°C Linearity at 12mW/C to 200mW 

Lead Temperature (During Soldering) ................. +265°C Device Dissipation per Output Transistor ............... 100mW 
At Distance 1/16 + 1/32 Inch (1.59mm + 0.79mm) from case for For T, = Full Package Temperature Range (All Package Types) 
10s Maximum Junction Temperature .... 0... cee cc ccc eee eee e eee +175°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A LIMITS 
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE | MIN | MAX {UNITS 


Supply Current VDD=20V,VIN=VDDorGND [| 1 #£x,.|  +25C | - | 2 ] pA | 
4 [2 | _+taso | - | 200 | ua | 
VOD=1eV,VIN=voDarGno | 3 | seo -[ - | 2 | ua | 
Input Leakage Current lll |VIN=VDDorGND |voD=20 | 1 #£-| +25; | | -100] - | nA | 
[2 | tase [1000 - | na 
vop=1ev| 3 +| ss —*«| 100 | - | na | 
Input Leakage Current VIN=VDDorGND |vDD=20 | 1 #2°x| +25 | - | 100 
it a tas | 1000 na 
vob=tev] 3 | see | - | 100 | na 
VOLIS [VDD=16V,Noload «|, | 26°C, +125°C, 5°0| - | 50 | mv | 
[Output Voltage | VOHI5 |VDD=15V,NoLoad (Notes) | 1,23 _[+25°O, +1260, 65°O| 1495[ - | V_| 
Output Current (Sink) | 10L5 [vDD=sv,vouT=o4v | 1 | +25 —«| cosa | - | mA, 
Output Current (Sink) ] IOL10_[VDD=1ov,vouT=0.5V | er a lm 
Output Gurrent (Sink) | 1OL15 |vDD=t5v,vouT=15v_ [1 | +5 [| 35 | - | mA 
(OH5A_|vOD=sv,vouT=4ev__| 1 | +25 | - | -053| ma | 
- [outputGurrent Source)| 1OHSB [vDD=6v,vouT=25v | 1 [v5 | - | 18 | ma 
(OutputGurrent (Source) IOH10 |VDD= tov, vouT=9sv_ [1 | _+25rc | - | 14 | ma 
OutputGurrent(Source)|_1OHTS [VDD=15v,vouT=135v_ | 1 | +250 «| - | 35 | ma 
VNTH _|VDD= 10V, ISS = -10uA ee 
P Threshold Voltage | VPTH |VSS=0V,IDD=1oA-+| 1 | +20 ~*| o7 | 28 | v | 
(Note 2) 
(Note 2) 
(Note 2) : of 
(Note 2) 
VIN=VODorGND |voD=20v] 1 | were | -o4| - | ma | 
VOUT = ov ae SS 
vop=tav| 3 | sc | 04] - | HA, 
VIN=VDDorGND |voD=20v| 1 | _+sc | - | o4 | uA | 
ee eS 
voo=-tvy 3 | ssc | - | 04] nA | 
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. For accuracy, voltage is measured differentially to VDD. Limit 


implemented. is 0.050V max. 
2. Go/No Go test with limits applied to inputs. 
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Specifications CD40257BMS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ae | GROUP A | vied haa 
PARAMETER SYMBOL CONDITIONS | SUBGROUPS | TEMPERATURE 
Propagation Delay | TPHL1 | VDD = 5V, VIN = VDD or GND 
Data Input Output TPLH1 j 


MIN 
Propagation Delay -—s«|:“‘TPHL | VDD =5V, VIN=VDD or GND a ee 
Select to Output (Notes 1, 2) | | 4125°C, 55°C | - 
ke 

Eee 

pa 

ad 


Propagation Delay | TPZH,HZ|VDD=5V,VIN=VDDorGND | 9 |  +25% | 
Output Disable to Output | TPZL, LZ | (Notes 2, 3) tot | +125°C. -55°C 


Transition Time TTHL | VDD =5V, VIN = VDD or GND 
oS TTLH | (Notes 1, 2) . 


+125°C, -55°C - 
NOTES: : | | 


1. CL=50pF, RL = 200K, Input TR, TF < 20ns.. 
2. -55°C and +125°C limits guaranteed, 100% testing being implemented. 
3. CL =50pF, RL = 1K, Input TR, TF < 20ns. , 


MAX | 
| 300 
| 405 _| 
| 380_| 
| 513 
| 190_| 
| 200 | 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL ew NOTES 


_ LIMITS 


TEMPERATURE UNITS 


+25°C, +125°C, 
-§5°C 


 +125°C 
-55°C 
+125°C 
-55°C 
H125°C 
-55°C 
+125°C 


Supply Current - VDD = 5V, VIN = VDD or GND 
. 
VDD = 10V, VIN = VDD or GND 
ain 
| VDD = 15V, VIN = VDD or GND 
oe ice 
; | | | -55°C 
| | goa us -55°C 
VDD = 5V, No Load 425°C, +125°C, 
- | 55°C 


Output Voltage 
Output Current (Sink) | IOL5 |VDD=5V, VOUT=0.4V 
Output Current (Sink) 1OL10 | VDD =10V, VOUT = 0.5V 


+125°C “1.15 


Output Current (Source) | IOH5A™ | VDD = 5V, VOUT = 4.6V 
Output Current (Source) en VDD = 5V, VOUT = 2.5V 
Output Current (Source) | ene VDD = 10V, VOUT = 9.5V : 


Output Current (Sink) IOL15 =| VDD = 15V, VOUT = 1.5V 


+125°C 
-55°C 


ale let pelly <l <le] PEPER 


VDD = 10V, No Load Le 
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Specifications CD40257BMS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS(Continued) 


+25°C, +125°C, 
-55°C 


Vi 
| 


Input Voltage High VDD = 10V, VOH > 9V, VOL < 1V 


Propagation Delay 
Data Input to Output 


Propagation Delay 
Select to Output 


Propagation Delay 


Output Disable to Output VDD = 15V 


Transition Time = 10V 
~ TVDD = 15V 


NOTES: 
1. All voltages referenced to device GND. 


2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characterized 
on initial design release and upon design changes which would affect these characteristics. 


3. CL = SOpF, RL = 200K, Input TR, TF < 20ns. 
4. CL = 50pF, RL = 1K, Input TR, TF < 20ns. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS NOTES 


VDD = 20V, VIN = VDD or GND 
“VNTH | VDD = 10V, ISS = -10pA 


N Threshold Voltage VDD = 10V, ISS = -10pA 
Delta 


Oo 
O 
O 
= 


F | VDD = 18V, VIN= VDD or GND VOH > V 
V | - 


OL < 
VDD = 3V, VIN = VDD or GND VDD/2. pale | 


NOTES: 1. All voltages referenced to device GND. 3. See Table 2 for +25°C limit. 
2. CL= 50pF, RL = 200K, Input TR, TF < 20ns. ‘ - + + 4, Read and Record 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER SYMBOL — | DELTA LIMIT 
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Specifications CD40257BMS 


TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C 


PARAMETER | SYMBOL | DELTA LIMIT 
Output Current (Sink) + 20% x Pre-Test Reading 
Output Current (Source) | 1OHBA + 20% x Pre-Test Reading 


TABLE 6. APPLICABLE SUBGROUPS 


| MIL-STD-883 | 
| CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100% 5004 IDD, IOL5, IOH5A - 


roawoes) | someon | ureome | 
eater SS*d Cooma | of 
mia _—*dtSarmiescos | tarencoown | 
Se es ee ee SO 


NOTE: 1.5% Parameteric, 3% Functional; Cumulative for Static 1 and 2. 


TABLE 7. TOTAL DOSE IRRADIATION : 


_ | TEST READ AND RECORD 
3 MIL-STD-883 
CONFORMANCE GROUPS METHOD  PRE-IRRAD POST-IRRAD PRE-IRRAD POST-IRRAD 


TABLE 8. BURN-IN AND IRRADIATION TEST CONNECTIONS 


| OSCILLATOR 
StaticBurn-Int | 4, 7, 9, 12 1-3, 5, 6, 8, 10, 14, 
(Note 1) | 13-15 
Static Burn-In 2 4,7, 9, 12 8, 15 1-3, 5, 6, 10, 11, 
(Note 1) 13, 14, 16 
Dynamic Burn- 4,7, 9, 12 2,3, 5, 6, 10, 11, 
In (Note 1) - . 13, 14 
Irradiation 4,7, 9, 12 1-3, 5, 6, 10, 11, 
(Note 2) 13-16 


2. Each pin except VDD and GND will have a series resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, 
VDD = 10V + 0.5V 
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Specifications CD40257BMS 


Logic Diagram 
TRUTH TABLE 
OUTPUT | 
DISABLE 2 . 3-STATE 
1s*o—] > OUTPUT 
INPUT DISABLE 


Z = High impedance 


D+ 
ce Pp SS nip : X=Don’'tcare Logic1=High Logic 0 =Low 


D2 
07 
D3 
3 ADDITIONAL IDENTICAL CIRCUITS 09 | 
vss 
* ALL INPUTS ARE PROTECTED | 
D4 BY CMOS PROTECTION 
012 NETWORK 


FIGURE 1. 


Typical Performance Characteristics 


0 
E é 

3 | 3 a ae ae ee 
2 3 150 

: : [aATE-TO-SOURCEVOLTAGE (VGS)=15V__ 
a © 12.5 

3 a 

o & 10.0 

Fi i 

= = 7.5 

b : 5.0 

E E 2.5 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) : DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 


FIGURE 2. TYPICAL OUTPUT LOW (SINK) CURRENT CHAR- FIGURE 3. MINIMUM OUTPUT LOW (SINK) CURRENT CHAR- 
ACTERISTICS ACTERISTICS 
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Typical Performance Characteristics (Continued) 


DRAIN-TO-SOURCE VOLTAGE (VDS) (V) DRAIN-TO-SOURCE VOLTAGE (VDS) (V) 
-15 -10 5 
| AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


AMBIENT TEMPERATURE (Ta) = +25°C 
GATE-TO-SOURCE VOLTAGE (VGS) = -5V 


OUTPUT HIGH (SOURCE) CURRENT (10H) (mA) 


OUTPUT HIGH (SOURCE) CURRENT (IOH) (mA) 


FIGURE 4. TYPICAL OUTPUT HIGH (SOURCE) CURRENT FIGURE 5. MINIMUM OUTPUT HIGH (SOURCE) CURRENT 
CHARACTERISTICS CHARACTERISTICS 


400 
AMBIENT TEMPERATURE (Ta) = +25°C 


TRANSITION TIME (tTHL, tTLH) (ns) 


0 20 40 60 80 100 . 
LOAD CAPACITANCE (CL) (pF) . LOAD CAPACITANCE (CL) (pF) 


FIGURE 6. TYPICAL PROPAGATION DELAY TIMEASAFUNC- _‘ FIGURE 7. TYPICAL TRANSITION TIME AS A FUNCTION OF 
TION OF LOAD CAPACITANCE (DATA INPUT TO LOAD CAPACITANCE 
OUTPUT) 


g AMBIENT TEMPERATURE (Ta) = +25°C 


4 WW, 


oh, 

: i=] 
> 

eo & OO 


" 
o 
[) 


So BOO@ 


LOAD CAPACITANC 
wm CL = 50pF 
mut CL = 15pF 


ok 
i=) 
bd 


POWER DISSIPATION PER (PD) (uW) 
NO mH 


Ge ee 
Gan es 
Ly 
Pt 
onl 
Cae SE 
ae 
ei 
4 
it Og 
mak 
cH 


2 468 2 4 68 2 468 2 468 2 468 
1 10 102 10° 104 10° 
INPUT FREQUENCY (fIN) (kHz) 


FIGURE 8. TYPICAL DYNAMIC POWER DISSIPATION AS A FUNCTION OF INPUT FREQUENCY 
(ONE INPUT TO ONE OUTPUT) 
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Chip Dimensions and Pad Layout 


oe _20 ae a 50 id 70 79 


ay | 


65-73 
(1.651-1.854) 


o— 
| 4-10 
) 


(1.930-2.133 


Dimensions.in parenthesis are in. millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


METALLIZATION: Thickness: 11kA - 14kA, AL. 
PASSIVATION: 10.4kA - 15.6kA, Silane 

BOND PADS: 0.004 inches X 0.004 inches MIN 
DIE THICKNESS: 0.0198 inches - 0.0218 inches 


2 
O 
re) 
-d 
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RAD HARL 


MEMORIES 


PAGE 
MEMORY DATA SHEETS 
HS-65758RH, Radiation Hardened 32K x 8 SOI CMOS Static RAM. ........... cece eee eee 8-3 
HS-65759RH 
HS-65647RH Radiation Hardened 8K x 8 SOS CMOS Static RAM... 2.2... . eee eee eee 8-13 
HS-65643RH Radiation Hardened 64K x 1 SOS CMOS Static RAM... 0.2... cece cece cee eee eee 8-25 
HS-6564RH Radiation Hardened 8K x 8, 16K x 4 CMOS RAM Module. ........... 2... eee eee eee 8-36 
HS-65C162RRH Radiation Hardened 2048 x 8-Bit Asynchronous CMOS Static RAM.................. 8-45 
HS-65C262RH/RRH, Radiation Hardened 16K x 1 CMOS RAM ........... cece ccc eee e eee eens 8-56 
HS-65T262RRH 
CMM6167 High Reliability, Radiation Hardened CMOS 16,384 Word by 1 Bit Static RAM.......... 8-72 
HS-6504RH Radiation Hardened 4096 x 1 CMOS RAM ......... ccc cece ce ee ee center eee 8-83 
CMM5104 Radiation Hardened, High Reliability, CMOS/SOS 4096 Word by 1 Bit LSI Static RAM ..... 8-93 
HS-6514RH Radiation Hardened 1024 x 1 CMOS RAM ..... cc ee ce cece eee eee eee 8-101 
CMM5114A Radiation Hardened, High Reliability, CMOS/SOS 1024 Word by 4 Bit LSI Static RAM..... 8-112 
HS-6508RH Radiation Hardened 1024 x 1 CMOS RAM ............ cee cece ee cee erence ee neee 8-121 
HS-6551RH Radiation Hardened 256 x 4 CMOS RAM .......... ccc cee ee eee eee cee eeee bet ee 8-129 
HS-6664RH Radiation Hardened 8K x 8 CMOS PROM............ ccc ee eee eee ee eee een ene 8-137 
HS-6617RH Radiation Hardened 2K x 8 CMOS PROM............ eee e cree cece eee e eee eees 8-139 


MEMORIES 


s ©=S©.—(C_sOW' S-655758RH 
MARRS HS-65759RH 


PRELIMINARY Radiation Hardened 


December 1992 32K x 8 SO! CMOS Static RAM 
Features | Pinouts 
¢ 0.8 Micron Radiation Hardened SOI CMOS HS1-65758RH 28 PIN SIDEBRAZE DIP 
- Total Dose 3 x 10° RAD (SI) | TOP VIEW 


- Transient Upset 1 x 10'' RAD (Si)/s 
- Single Event Upset 1 x 10°'° Errors/Bit-Day 


e LET Threshold >90 Mev/mg/cm? 

e Latch-up Free 

¢ Low Standby Supply Current 2mA (Max) 
e Fast Access Time 35ns 

e No Substrate Bias Required 

¢ Gated Input Buffers 


e¢ Six Transistor Memory Cell 
e Fully Static Design 

e Asynchronous Operation 
¢ CMOS Inputs. 

SV Single Power Supply HS9-65758RH 28 PIN FLATPACK 
¢ Standard JEDEC DIP Pinout TOP VIEW 

Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-65758RH is an asynchronous, fully static RAM 
fabricated with the Harris SO! RHD1 radiation hardened 
process. The use of this process provides excellent total dose, 
dose rate and single event immunity. As with any oxide isolated 
circuits, the HS-65758RH will not latch-up under any conditions. 


2] 
uJ 
cc 
\e) 
= 
uu 
= 


Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull- up resistors, due to . 
the gated input buffer design. 


HS9-65759RH 36 PIN FLATPACK 

TOP VIEW 
GND 
VDD 


eee 


SS SSS 
AS. eS 
) V2 Ee 
6 ae 
A: eee) 
A14 


DQOo 
DQi 
DQ2 


iC... 


VDD 
GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 2860.1 
Copyright © Harris Corporation 1992: 8-3 


HS-65758RH, HS-65759RH 


Functional Diagram 
. pe | 
¢——_tts 
™ 
E2 —) >: 
(E2 HS9-65759RH ony) 
ae PRECHARGE (1 OF 8) PRECHARGE (1 OF 8) 
ROW , . 
aaa acct ROW ADDRESS 
TRANSITION 
DETECTOR 
3 | 
AT-A9 256 X 128 ? 
BLOCK EMORY BLOCK 256 X 128 
cae BLOCK ADDRESS L with & 
Ss ; 
TRANSITION REDUNDANT Memory | & | MEMORY BLOCK 
Oot 
DETECTOR Jatp (1 OF 4) Ou (1 OF 4) 
A10-A14 ; > = 
COLUMN 5 
ADDRESSES 
COLUMN ADDRESS 
TRANSITION 
DETECTOR 
mapiEG COLUMN DECODE/ COLUMN DECODE/ 
LOCAL SENSE AMPS LOCAL SENSE AMPS 
(1 OF 8) (1 OF 8) 
We 
i Da0-7 
WRITE DRIVERS AND 
DATA MULTIPLEXER 
Truth Tables 
HS-65758RH : HS9-65759RH 


36 PIN FLATPACK ONLY 


28 PIN SIDEBRAZE DIP AND 28 PIN FLATPACK 


aa 
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Specifications HS-65758RH, HS-65759RH 


Absolute Maximum Ratings _ Reliability Information 


Supply Voltage ..c.0:6 ssc Si eke as dete ee es ey -0.3V to+6.0V Thermal Resistance Gia Bic 
Input or Output Voltage 28 Pin Braze Seal DIP..............- 28.5°C/W 8.0°C/W 
Applied for all Grades. .............05- GND-0.3V to VDD+0.3V 28 Pin Braze Seal Flatpack........... 53.5°C/W 7.38°C/W 
Storage Temperature Range ......2.......... -65°C to +150°C 36 Pin Braze Seal Flatpack........... TBD°C/W TBD°C/W 
Junction Temperature...... Soni tteds Gk t hones datemreee Si +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)............ee eevee +300°C 28 Pin Braze Seal DIP... 0... cece eee cece cee eeee 1.75W 
Typical Derating Factor...... «+ 2.75MA/MHz Increase in IDDOP 28 Pin Braze Seal Flatpack... 2.2... .. cece ee ee eens 0.935W 
ESD Classification ........... is aes an Weasaie ds a-arelaa gare Classi . 36 Pin Braze Seal Flatpack........ 2. cece reece eee TBD W 
Gale: COUNT eas ic dios eae ww ate ea peeateteis 400,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device, This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range (VDD) ......... +4.5V to+5.5V — Input High Voltage (VIH)..........-. ee eee ee eee 0.7VDD to VDD 
Operating Temperature Range (Ta) ............ -55°C to+125°C ~— Data Retention Supply Voltage... .. 2... cece eee eee eee 2.0V 
Input Low Voltage (VIL)... 6... cece cee ee eee OV to0.3VDD Input Rise and Fall Time... 1... ce ee eee ew eee 40ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


(NOTE 1) GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS TEMPERATURE mun | Max | UNITS 
High Level Output VOH 1 VDD = 4.5V, 1O = -4.0mA, 1,2,3 -55°C, +25°C, +125°C V 
Voltage Vi = VDD or GND 
| -VOH 2 VOD = 4.5V, 10 = -1mA, 1,2,3. | -55°C, +25°C, +125°C | VDD- V 
Vil = VDD or GND 0.4V 

Low Level Output VOL VDD = 4.5V, lO = 8.0mA, 1,2,3 - -§5°C, +25°C, +125°C V 

Voltage Vi = VDD or GND 

High Impedance lOZLor | VDD =5.5V, VO=GND or 1,2,3 -55°C, +25°C, +125°C 

Output Leakage 1OZH VDD, VI = VDD or GND, 

Current E= VDD 

Input Leakage IH or: VDD = 5.5V, VI = VDD | 1,2,3 -55°C, +25°C, +125°C 

Current WL or GND | | 

Standby Supply . IDDSB VDD = 5.5V, IO = OMA, 1,2,3 -55°C, +25°C, +125°C 

Current Vl = VDD or GND, E = VDD 

- 


10 


S 


> 


% 


1,2 


— . 


"55°C, 425°C, +125°C 
VDD = 2.5V, 10 = OMA, -55°C, +25°C, +125°C 
VI = VOD or GND, E = VOD 

VDD = 4.5V and 5.5V, 7, 8A, 8B -55°C, +25°C, +125°C 
Vl = VDD or GND, f = 1MHz ' 
VDD = 4.5V and 5.5V, 


VIL = 0.2 VDD, 
VIH = 0.8 VDD, f = 1MHz 


Operating Supply 
Current (Note 2) 


VDD = 5.5V, 10 = OmA, 
VI = VDD or 0.0V, E = 0.0V, 
f = 10MHz, G = VDD, 

Checker Board Pattern 


Current Vil = VDD or GND, E = 0.0V, 
Checker Board Pattern 
Data Retention. _ IDDDR 
Supply Current 
Functional Tests FT 
Noise Immunity FN 
Functional Test | 


NOTES: . 
1. All Voltages referenced to device GND. 
2. Typical IDDOP derating = 2.75mA/MHz (2.75mA increase in IDDOP per 1MHz increase in address frequency.) 


Enable Supply ae VDD = 5.5V, lO = OmA, 
IDDOP 


7;8A,8B | -55°C, +25°C, +125°C 
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Specifications HS-65758RH, HS-65759RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
TEMPERATURE | } MIN 
-55°C, +25°C, +125°C Ee 


U 


GROUP A 
SUBGROUPS 


. (NOTES 1, 2, 3) 
PARAMETERS SYMBOL CONDITIONS 


[rsesnana ime | tor [oresvewssy] aro 


Chip Enable to TELWH {VDD =4.5V 9, 10, 11 -55°C, +25°C, +125°C 
End-of-Write . 

Address Valid to . TAVEH VDD = 4,.5V 9, 10, 11 -55°C, +25°C, +125°C 
End-of-Write = . 


- peal 
End-of-Write 
Data Hold Time -55°C, +25°C, +125°C | 0. | 


Q 


Q 


Q 


Q 


| 
” 


NOTES:. : Baek G 
1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V or VDD; timing reference levels = 1.5V; output load = 1TTL 
equivalent load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms see Low Voltage Data Retention and ReadMrite Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) 
PARAMETERS SYMBOL | —s CONDITIONS _—| TEMPERATURE 


Input Capacitance (Note 2) VDD = Open,f=1MHz _ Ty = 425°C 
I/O Capacitance (Note 2) . COUT |VDD=Open,f=1MHz jf | Ty = +25°C 
Write Enable to Output in High Z | TWLOZ |VDD=4.5Vand5.5V 55°C < Ta S$ +125°C 
Write Enable High to Output ON TWHQX_ | VDD = 4.5V and 5.5V © -56°C s Ty $ +125°C 
Chip Enable to Output ON TELQX | VDD = 4.5V and 5.5V -55°C $ Ta Ss +125°C 
Chip Enable to Output in High Z TEHQZ {VDD =4.5V and 5.5V | -55°C $ Ty S$ +125°C 
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Specifications HS-65758RH, HS-65759RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
(NOTE 1) 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE 


OuputerabiotoGupuon | ToLax [voD=asvenesev | et0stss+as0 | 2 
Was Gyee Tie | TAX |vOD=asvensav | sshsrano | 


Operating Supply Currents IDDOP_ =| VDD =5.5V, IO = 0mA, -55°C, +25°C, +125°C 
NOTES: 


VI = VDD or OV, E = OV, 
f = 20MHz, G = GND, 

1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 

upon initial design release and upon design changes which would affect these characteristics: 


Checker Board pattern . 
2. All measurements referenced to device ground. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISITCS 


VDD = 5.5V, IO = OmA, E= VDD, | 
VI = VDD or 0.0V 


Enabled Supply Current VDD = 5.5V, IO = OmA, E = 0.0V, 
Vi = VDD or 0.0V, Checker Board 
Pattern | 


Operating Supply Current IDDOP | VDD = 5.5V, IO = OmA, f = 10MHz, 
(Note 2) E=0.0V, Vi= VOD or 0.0V, 
G = VDD, Checker Board Pattern . 
Data Retention Supply Current |} IDDDR | VDD =2.0V, IO = 0mA, E = VDD 


NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C 
pre-irradiation test limits. 


2. Typical IDDOP derating = 2.75mA/MHz. (2.75mA increase in IDDOP per 1MHz increase in address frequency.) 


TABLE 5. APPLICABLE SUBGROUPS 


10 
10 
10 
10 
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MEMORIES 


__.~ HS-65758RH, HS-65759RH . 


Timing Waveforms | 
READ CYCLE I: W, G, ELOW 


TAVAX ee | : 
A XX -___ ADDRESS1. _KX ADDRESS 2 OK 
| TAVOV . 42 TAXAX : 8 eae 


Q | DOOOK pata KR XOOOKvatazKOKOKXK 


READCYCLE I: WHIGH 3 _ 
: | | oe ee ae 

- a 
> Sr, EE > 


IW \ WH 
__TEHQZ | 


BQ GG » MMMM i 


TGLQZ 
OCR KK 


WRITE CYCLE I: LATE WRITE | =e 
TAVAX 


, 


peed = ae 


VAav, 
ZNZN 


D 


WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E | | | 
TAVAX 


| KX 


 TELEH TEHAX 


WEEE 


TDOVEH ees & TEHDX 


HS-65758RH 


Burn-In Circuits 
HS9-65758RH, HS1-65758RH HS9-65758RH, HS1-65758RH 


| 


o VDD F8 4 28] 2 VDD 
aes Sew F6 [3 26) F9 
pe eet] gE 
mee add F3 rs | 24] F12 
pects =e veg” zl 
é 2 
| pte F15 re | 2q| F10 
Byes a F14 rH 20}-WW— VSS 
aaa F13 iT) is} -W— Fi 
cena rt ah re 
eae S F16 Aa MW— Fi6 
13) 16) Fié 13] i6}-—-WA— Fi6 
a. aie 7] att F16 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTES: NOTES: 
Power Supply: VDD = 6.0V + 0.5V Power Supply: VDD = 6.0V + 0.5V for Burn-in 
Resistors = 47KQ + 10% Power Supply: VDD = 5.5V + 0.5V for Life Test 
IDD < 5mA per socket Resistors = 10KQ + 10%, >0.25W, except 


R2 = 47KQ + 10%, >0.25W 
VIH = 5.5 + 0.5V, VIL = 0.4V + 0.4V for Burn-in 
VIH = 5.0 + 0.5V, VIL = 0.4V + 0.4V for Life Test 
IDD < 100mA per socket 
FO = 100KHz + 10%, 50% Duty Cycle 
F1 = F0/2; F2 = F1/2; F3 = F2/2; F4 = F9/2;F5=F4/2...F16=F15/2 


RAD INITIALIZATION WAVEFORMS wo 
64K RAM GROUP E QUALIFICATION DEVICE MOBILE BIAS FOR RHD1 8K x8 = 
1 Q 
rf 
2 4 ‘ . 
3 Fit! = 
4 : ! 
5 
6 re 
7 Fi2 | 
‘ 1 
8 
3 ! 
ENABLE | 
CONTROL | 
(Fi3) | 
NOTES: 


Power Supply: VDD = 5.5V 

Resistors = 47KQ + 10%, >0.25W 

VIH = 5.5 + 0.5V, VIL =0.4V + 0.4V 

FO = 100KHz + 10%, 50% Duty Cycle 

MOBILE BIAS RAD CONFIGURATION Fi = F0/2; F2 = F1/2, F3 = F2/2; F4 = F9/2; F5 = F4/2...F12=F11/2 
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HS-65759RH 


Burn-in Circuits (Continued) 
- HS9-65759RH 


SCSERSRHFBSNRSSSLRSRaESE 


TTT TT 
Lisstitittitite 
liiiiziticsezedl 


STATIC CONFIGURATION 


NOTES: 


Power Supply: VDD = 6.0V + 0.5V 
Resistors = 10KQ + 10% 
IDD <5mA per socket 


VDD 


 HS9-65759RH 


ooh 


Oan ang & WS DN 


ee ee ee ee ee ee 
NOU 2 OND = 0 


cad, 
a 
9 
© 


DYNAMIC CONFIGURATION 


NOTES: 


Power Supply: VDD = 6.0V + 0.5V for Burn-in 
Power Supply: VDD = 5.5V + 0.5V for Life Test 
Resistors = 10KQ + 10%, >0.25W, except 

~ R2 = 47KQ + 10%, >0.25W 

VIH = 5.5 + 0.5V, VIL = 0.4V + 0.4V for Burn-in 
VIH = 5.0 + 0.5V, VIL = 0.4V + 0.4V for Life Test 
IDD < 100mA per socket 

FO = 100KHz + 10%, 50% Duty Cycle 


Typical Performance Curves 


HS-65758, HS-65758RH (32K x 8 SOI SRAM) IDDOP COMPARI- 


SON WITH TYPICAL 256K RAD HARD SRAMS 


PEEL 
Puasceeeere™ 
EEL 


RAD HARD SRAM II, 


HS-65758RH +—10.24MH 


/ 

: 

tT TH! 

HS-65759R ee 

80 i 
8 


IDDOP (mA) 
2 
° 


0 2 4 6 8 
: FREQUENCY (MHz) 


F1 = F0/2; F2 = F1/2; F3 = F2/2; F4 = FO/2; F5 = F4/2... F16 = Fi5/2 


HS-65758RH, HS-65759RH TYPICAL ENABLED CURRENT 
OVER TEMPERATURE FOR DIFFERENT PATTERNS 


IDDEN (mA) 


60 80 100 120 


40 -20 0 20 
TEMPERATURE (°C) 
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HS-65758RH, HS-65759RH 


Harris - Space Level Product Flow 


SEM - Traceable to Diffusion Method 2018 Dynamic Burn-In 240 Hours, +125°C Method 1015 | 
Wafer Lot Acceptance Method 5007 Condition D | 

Internal Visual Inspection (Note 1) Electrical Tests Subgroups 1, 7, 9 (T2) 

Gamma Radiation Assurance Tests | Delta Calculation (TO - T2) 

100% Nondestructive Bond Pull Method 2023 PDA Calculation 3% Functional 


5% Subgroups 1, 7, A 
Electrical Test +125°C, -55°C. 
Group A Inspection Method 5005 
X-Ray Inspection Method 2012 


Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
constant Acceleration method 2001 Y1 30KG 
Particle Impact Noise Detection method 2020, 


Condition A 20G Fine and Gross Leak Tests Method 1014 
Marking and Serialization Customer Source Inspection (Note 2) 

Initial Electrical Tests (TO) Group B Inspection (Notes 2, 4) Method 5005 
Static Burn-In 72 Hour, +125°C method 1015 Condition A Group D Inspection (Notes 2, 4) Method 5005 
Room Temperature Electrical Tests (T1) External Visual Inspection Method 2009 
Burn-In Delta Calculation (T0-T1) Data Package Generation (Note 3) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
NOTES: Ba! 
1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition B alternate screening in lieu of high power visual inspection. 


2. These steps are optional, and should be listed on the purchase order if required. 
3. Data package contains: 


Assembly Attributes (post seal) a Test Variables Data, DC Test and TELQV 
Test Attributes (includes Group A) -55°C, +25°C, +125°C +25°C Initial Test 

Shippable Serial Number List - . +25°C Interim Test 1 

Radiation Testing Certificate of Conformance +25°C Interim Test 2 

Wafer Lot Acceptance Report (includes SEM report) © +25°C Delta Over Burn-In 


X-Ray Report and Film 
4. Group B data package contains Attributes Data pulse Variables Data, ine Test and TELQV. Group D data package contains Attributes only. 


5. Total Dose Radiation sample selection shall be in accordance with Method 5005, Group E Subgroup 2 except 64K RAM test devices from 
the HS-65758/9 wafers undergoing Group E qualification will be used for Rad testing. 


MEMORIES 
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HS-65758RH, HS-65759RH 


Metallization Topology 


DIE DIMENSIONS: — a any ION: 
8310 x 11790um x 584um ype: olU2 
. . Thickness: 8kA + 1kA 
METALLIZATION: _ 
Metal 1 Thickness: 8kA + 2kA oo DIE AVTAS TE 
Metal 1 Type = TiW } Material: Silver Glass 
Metal 2 Thickness: 16kA + 2kA | WORST CASE CURRENT DENSITY: 
Metal 2 Type = AVSi/Cu : us 1.5 x 10° Alem? 
Metallization Mask Layout : 
| _ HS-65758RH 
5 
= 
o] 
pS 
e 
5 
: . & or 
Syae 2a ee =e ew raLeeg Io 
98eeecrsse $9 EEERTT FHS 
oa aes ; ; Ff 2m hhh ayer ; i H ii = ii BH ate Rat 
Kart poe _™ cami Rie 


iwnes 


ey qebeens agai 
ardent en B anes ooatt os 


Mn 
TONY AAT 


wees 


. 
: - 1 ‘ . 
Megara . 
Basa ey 
‘ 
’ 
A] 
, 
s a 
H $ 
: 
. 
Y 
; H 
’ 
. 
. 
‘ 
Hl 
. 


Sosees coe conews eceweevesl ecesewasasoet 


+ oo © sprrmerrnrersrr: a= 


z 

Hl 

i 

i eae ei 

(See eae eis “8 wl 

Le! bs E = ew mt babe “a: Re = whe a = rs ae 

ees “NOP AG CR S&S S EF LA 

ee cersaorrcr eee & BO 
- en orn Oo TH © KR fw @ 
<p oo G6 gsgoaogg™ & 

Qoaqg a QO 8o90Q 08 04 


FARRIS 


SEMICONDUCTOR 


aD 


December 1992 


Features | 


e 1.2 Micron Radiation Hardened SOS CMOS 
- Total Dose 3 x 10° RAD (Si) 
- Transient Upset >1 x 10'' RAD (Si)/s 
- Single Event Upset < 1 x 10°'? Errors/Bit-Day 


- Latch-up Free | 

e LET Threshold >250 MeV/mg/cm2 

¢ Low Standby Supply Current 10mA (Max) 

e¢ Low Operating Supply Current 100mA (2MHz) | 
e Fast Access Time 50ns (Max), 35ns (Typ) 

¢ High Output Drive Capability 

¢ Gated Input Buffers (Gated by E2) 

¢ Six Transistor Memory Cell 

e Fully Static Design 

e Asynchronous Operation 

¢ CMOS Inputs 

e 5V Single Power Supply 

Military Temperature Range -55°C to +125°C 
Industry Standard JEDEC Pinout | 


Description 


The Harris HS-65647RH is a fully asynchronous 8K x 8 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 
intensity ionizing dose rates, and cosmic rays. 


Low power operation is provided by a fully static design. Low 
standby power can be achieved without pull-up resistors, 
due to the gated input buffer design. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


8-13 


Copyright © Harris Corporation 1992 


HS-65647RH 


Radiation Hardened 
8K x 8 SOS CMOS Static RAM 


Functional Diagram 


COLUMN.VO 
COLUMN DECODER 


CONTROL 


CIRCUIT 


DATA 
CIRCUIT 


TRUTH TABLE 


MEMORIES 


2928.1 


File Number 


HS-65647RH 


Pinouts 


HS1-65647RH 28 PIN CERAMIC DIP HS9-65647RH 28 PIN FLATPACK 
CASE OUTLINE D-10, CONFIGURATION 3 CASE OUTLINE F11A, CONFIGURATION 2 
_ TOP VIEW . TOP VIEW 
nC. © 
Ar2 Lf 2 
/.) fy We | | 
/.\- 3 A | | . 
AS 5S 
. ‘AA A ATTA | RY «| 
] Xe | Ty 7 
A2 REP RETY 8 
7 eornmummaneisarneciccs: | 
7 SOURS RARE RRC OCR 
0 Ll 
00 —k—=—z—z—zXzzZEZE] 
oo. 
aD —_—_—_—_—= 
HS9A65647RH 36 PIN FLATPACK _ HM4-65647RH 32 PIN CERAMIC LCC 
INTERNAL PACKAGE CODE “HFQ” INTERNAL PACKAGE CODE “HPQ” 
TOP VIEW | | | TOP VIEW 
nc _-=4——  voo r $ee8eg 
Ao 2 ee 
490 8 
AT 3 ———————]} £2 
AG A8 
 \ Sl aS 4 edt AS 
As... 5 ed AS AS ‘AS 
“AA el 6 ns FF |, | Aa Ali 
| 7 G A3 NC 
AD Cone 8 memmmened At0 a 
ai ——————] 9 eed Ei A2 
ao—= [= paz Ai Ato 
OC J DQ6 AO E1 
[OL o> ft re ee ad 
NC DQ7 
D2 —_—= ——__-] DQ4 
GND b—-___- nd DOS ge of deal OF Toate WE coats WE teats WE tele BE lode BE ene | ae 
D0  ——————} DQAd 14545! 46! $17! 119! M19! §20! 
un —_—_ 1 Dat = Qo Yo oO 0 
022 Ce ee 0 6 J a g re 7 a g a 
cno ——(f— } §— and 
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Specifications HS-65647RH 


Absolute Maximum Ratings 


Supply VoOllaGG is. 4 225.6)snetachecdsu steeds odes saaes +7.0V 
Input, Output or I/O Voltage ........ ..-. GND-0.3V to VDD+0.3V 
Storage Temperature Range ................4. -65°C to +150°C 
Junction Temperature.............. ere eee +175°C 
Lead Temperature (Soldering 10s)........ rane errs 010 0h e 
Typical Derating Factor............ 3mMA/MHz Increase in IDDOP 
ESD Classification .......... Soe and Ware ere era raters a8 Class 1 


Reliability Information 


Thermal Resistance Gia ic 
Braze Seal DIP Package............. 28.5°C/(W 8.0°C/W 
Braze Seal Flatpack Package ......... 53.4°C/W 7.4°C/W 

Maximum Package Power Dissipation at +125°C 


6 


Braze Seal DIP Package... ..... ccc ec eee eee eee eeess 1.75W 
Braze Seal Flatpack Package .............eseeeeees 936mW 
Gate Count............ shai aity Maa atthap ete Oy diate ta a 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range (VDD) ............... +4.5V to +5.5V 
‘Operating Temperature Range (Ta) ............ -55°C to +125°C 
Input Low Voltage (VIL) 2... 0... eee ee ee eee OV to +0.2VDD 


Input High Voltage (VIH).......... Sree 0.8VDD to VDD 
Data Retention Supply Voltage ........... 2. ewe ee nee 4. 2.0V 
Input Rise and Fall Time... 1... cece ew eee wees 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


VDD = 4.5V, lO = 8.0mA 


Low Level Output VOL 
Voltage. Vi = VDD or GND 


High Impedance Output IOZL or 
| Leakage Current 1OZH 


VOD, Vl = VDD or GND 
E1= VDD, E2=0V 


Standby Supply Current IDDSB- | VOD = 5.5V, lO = OmA, 
(Note 3) | Vi = VDD or GND 
E1 = VDD, E2=0V 
Enable Supply Current VDD = 5.5V,1O=O0mA, . 
Vi=VDDorGND - 
E1 = 0.0V, E2 = VDD 


VDD = 5.5V, |O = OmA, 
Vi = VOD or GND, 

E2 = VDD, E1 = OV, 

f = 2MHz 


Operating Supply 
Current (Note 2) 


Data Retention Supply 
Current 


Noise Immunity FN 
Functional Test 


1. All voltages referenced to device GND. 


VIH = 0.8 VDD, f = 1MHz 


(NOTE 1) GROUP A 
PARAMETER SYMBOL CONDITIONS — | SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH VDD = 4.5V, lO = -5mA 1,2,3 
Voltage Vi = VDD or GND 


VDD = 5.5V, VO = GND or 


Input Leakage Current liHorliL | VOD=5.5V,Vli=VODor . 
GND 


Functional Tests. FT VDD = 4.5V and 5.5V 
Vi = VDD or GND, f = 1MHz 


VDD = 4.5, VIL = 0.2 VDD 


LIMITS | 


-55°C, +25°C, VDD- 
+85°C, +125°C 0.4 


-55°C, +25°C, 
+85°C, +125°C 


-55°C, +25°C 


-55°C, +25°C, . 
+85°C, +125°C 


-55°C, +25°C 


7, 8A, 8B -55°C, +25°C, 
+85°C, +125°C 
7, 8A, 8B -55°C, +25°C, 


1,2,3 
1,2,3 

2 

2 

2 ' 

1,3 
2 
2 
: +85°C, +125°C 


| l-lfela][afe|s[sf=[-fel elelef=[ s[ 
ot eel lf) ll PEEL - 


(=) 


2. Typical IDDOP derating = 3mA/MHz (38mA increase in IDDOP per 1MHz increase in address frequency.) 
3. In order for this device to be in low power standby mode. E2 must be disabled (low). 
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Specifications HS-65647RH 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS. 
4. _ _| (NOTES 1,2,3)| GROUP A 
PARAMETERS ~ | SYMBOL | CONDITIONS | SUBGROUPS 


Address Access Time TAVQV | VDD = 4.5V 55°C, +25°C, +85°C, +125°C | - 
Output Enable Access Time | TGLOQV_ | VDD =4.5V -55°C, +25°C, +85°C, +125°C tea 


Chip Enable Access Time | TE1LQV | VDD=4.5V -55°C, +25°C, +85°C, +125°C 
aa . | TE2HQV 7 


ee 


TEMPERATURE 


Write Recovery Time - TWHAX | VDD =4.5V » -55°C, +25°C, +85°C, +125°C 
TE2LAX | 


Chip Enable to End-of-Write | TE1LE1H | VDD = 4.5V 9,10,11 | -55°C, +25°C, +85°C, +125°C - 
: TEQHE2L | | | 


Address Setup Time TAVWL -55°C, +25°C, +85°C, +125°C 


VDD = 4.5V 


TAVE1L 


Write Enable Pulse Width TWLWH [VDD=4.5V_ -55°C, +25°C, +85°C, +125°C 
Data Setup Time | TOVWH |VDD=4.5V_ . 9, 10, 11 -55°C, +25°C, +85°C, +125°C 


TDVE1H | VOD =4.5V 9,10,11 | -55°C, +25°C, +85°C, +125°C 
TDVE2L | 


Data Hold Time | 
Address Hold Time _ 


oJ}. 9,110,177 | 
TAVE2H | 


TAVEIH |VDD=4.5V ~~ | 9,10, 11 -55°C, +25°C, +85°C, +125°C 
TAVE2L _ | 
TE2LDX | VDD =4.5V 9, 10, 11 -55°C, +25°C, +85°C, +125°C 
TE1HDX » 4 | — 
NOTES: 


- 1. AC measurements tested at worst case VDD. Guaranteed over full operating range. | 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD; timing reference levels =2.0V; output load = 1 TTL equivalent 
load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. Mey 


3. For timing waveforms, see Low Voltage Data Retention and ReadMrite Cycles. 


Input Capacitance . = 


TWHDX_ | VDD = 4.5V — 9, 10,11 -55°C, +25°C, +85°C, +125°C 
’ 5 , , 


_ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


: LIMITS 
NDITIONS NOTES | TEMPERATURE UNITS | 


co } 
VDD = Open, f = 1MHz 1,2,4 |  Ty=+25°C 


SYMBOL 
CIN 


| VO Capacitance . CO 
High Z © 
Write Enable High to Output | TWHOX 


N°. 


55°C $ Ty S$ +125°C 


55°C $ Ty S$ +125°C 


0 
Chip Enable to Output ON TE1LQX =| VDD = 4.5V and 5.5V 
| TE2HQX 


Output Enable to OutputON | TGLQX | VDD = 4.5V and 5.5V 


55°C S Tas +125°C © 


-55°C < Ta S$ +125°C 
-55°C § Ty S$ +125°C 
-55°C < Ta S$ +125°C 


-+ 
B 


| Chip Enable to Output in TE1HQZ: | VDD = 4.5V and 5.5V 
High Z QZ | 
Output Disable to Output in | TGHQZ | VDD =4.5V and 5.5V 
High Z 


8-16 


Specifications HS-65647RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Output Hold from Address } TAXQX | VDD =4.5V and 5.5V es -55°C $ Ty S$ +125°C ae ae eae 
Change : Hos 


NOTES: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device GND. 


TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
Standby Supply Current IDDSB_ | VDD =5.5V, |O = OmA, E1 = VDD, 
E2 = OV, VI = VDD or GND 
Enabled Supply Current VDD = 5.5V, 1O = OmA, E1 = 0.0V, 
E2 = VDD, Vi = VDD or GND 
Operating Supply Current IDDOP_ | VDD =5.5V, IO = OmA, f = 2MHz, | 
(Note 2) E = OV,VI = VDD or GND 


Data Retention Supply Current | IDDDR | VDD = 2.0V, IO = OmA, E = VOD 


NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C pre- 
irradiation test limits. 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C), GROUP B, SUBGROUP 5 


imeimTessreray | __vooweoos | a «| SNA 
[Potena —___|_tooweoos [nad 


: 1,7 
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MEMORIES 


_HS-65647RH 


Timing Waveforms 
READ CYCLE I: W, E2 HIGH; G, Ei Low 


OK _._ ADDRESS1 KX ADDRESS 2 XX 


XXXX) EXXXK vats XXXXXX 


READ CYCLE II: W HIGH 


;  TAVAX | 
A | a 
TAVQV Parr | er 
lee oe ee 
§ WC Wk EES CC 
Q == jes IIE en foe ee 
WRITE CYCLE I: LATE WRITE 
|  TAVAX 
A Xx x 
TAVWL TWLWH ————>|__ TWHAX 
. - | > TWHOX _ 
TOVWH - : TWHDX 
a 5 ears | oe | = 
0 KRXKXKX XXX XXXXX 
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HS-65647RH 


Timing Waveforms (continued) 
WRITE CYCLE II: EARLY WRITE - CONTROLLED BY E71 


) TAVAX 
A Xe —ssia a 
TAVE1L TE1LE1H TE1HAX 
TAVE2H 
AWN GE a MEE, 


Kssticimeeetonsineeioneenl 
QQ A 


= Ll TOVE1H 
| TE1HDX 
D 


WRITE CYCLE lil: EARLY WRITE - CONTROLLED BY E2 


TAVAX 


Op a ee 
TAVE2H TE2HE2L TE2LAX 
W SS ina MMMM 


= 


m | | gem 
E2 


TDVE2L TE2LDX 
D 


MEMORIES 
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HS-65647RH 


Performance Curves 


HS-65647RH TYPICAL PERFORMANCE CHARACTERISTICS 
Ta, = +25°C, Unless Otherwise Specified 


13 7 
12 
11 6 
10 
9 5 
= 8 = 
z° < 
E7 £4 
m m 
2 5 a 
: 2 
3 
2 1 
1 
0 0 
‘0 200 400 600 800 1000 1200 1400 0.1 0.1 10 100 
TOTAL DOSE (KRAD) ANNEAL TIME (HOURS) 
< <a 
£ £ 
a =z 
” uu 
é g 
60 -40 -20 0 20 40 60 80 100 120 60 ~40 -20 0 20 40 60 80 100 120 
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HS-65647RH 


Burn-In Circuits 
HS-65647RH 28 PIN FLATPACK AND CERAMIC DIP HS-65647RH 28 PIN FLATPACK AND CERAMIC DIP 
VDD 


NC 


OlLoOInN Aion | & |@ [NN ] = 


DD ID 
yO FR TP 
a fmt fae foe fo 
& [fw fir j= io 


DYNAMIC CONFIGURATION. ia . STATIC CONFIGURATION 
NOTES: NOTES: 
VDD = 5.5V Min VDD = 5.5V Min 
R = 10kQ + 10%, except R2 = 47kQ + 10% R = 10kQ + 10% 


VIH: VDD + 0.5V, VIL:.0.4V + 0.4V 

FO = 100kHz + 10%, 50% Duty Cycle 

Fi = F0/2; F2 =F 1/2; F3 = F2/2;...F14 = F13/2 
FO = inverted FO 


HS-65647RH 36 PIN FLATPACK HS-65647RH 36 PIN FLATPACK 


MEMORIES 


| DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: . | , 
TES: 
VDD = 5.5V Min | NOTES 7 
R = 10kQ + 10%, except R2=4.7kKN+10% VDD = 5.5V Min 
VIH: VDD + 0.5V, VIL: 0.4V + 0.4V R = 10kQ + 10% 


FO = 100kHz + 10%, 50% Duty Cycle 
Fi = F0/2; F2 = F1/2; F3 = F2/2;...F14 =F13/2 
FO = Inverted FO 
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HS-65647RH 


Irradiation Circuit 


HS-65647RH (8K x 8 TSOS4 SRAM) 28 PIN CERAMIC DIP 


9 > > 
9° = 
So 


* 
‘ 


u 
Oo 79 
8 8 


=| 
, < 
: rm} 
” 
oOo 9 
8 2. 
a 


NOTES: 


1. VDD = 5.5V + 0.5V 
R= 10kQ + 10% 


2. All group E testing is performed in Ceramic DIP. 
3. Group E sample size is two die/wafer. 


Test Patterns 
MARCH (II)PATTERN 


. After a background of zeros. is written, each cell (from begin- 
ning to end in sequence). is read, written to a one and 
‘reread. When the array is full of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. 


After this the pattern is repeated but with complemented 
data. . 


MASEST PATTERN (Multiple Address Select Pattern) 


A checkerboard pattern is written into the memory. Then the 
first cell is read, then its binary address complement is read. 
The second cell is read and then its binary address comple- 
ment is read. This pattern of incrementing the address and 
then reading its binary address complement is repeated until 
the entire memory is read. 7 


This is then repeated but using a checkerboard bar pattern. 
GALROW PATTERN (Row Galloping Pattern) 


. After a background of zeros is written into the memory a one 
is written into the first cell. It is then. read alternately with 


VDD 


NIB. 


SILS. 


HHT 


each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
GALCOL PATTERN (Column Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 
each other cell in the column. The test cell is then rewritten 
back to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
CHECKERBOARD PATTERN and CHECKERBOARD BAR 


A checkerboard is written (101010) into the memory and 


“then the pattern is read back. This is then repeated but using 


complemented data. 
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HS-65647RH 


Harris - Q Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
‘Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, | 
(Condition A 20G) 


Marking and Serialization 

Initial Electrical Tests (TO) 

. Static Burn-ln 72 Hour, +125°C Method 1015 Condition A 
Room Temperature Electrical Tests (T1) 

Burn-In Delta Calculation (T0-T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7, 9 (T2) Method 5004 
Burn-In Delta Calculations (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, AMethod 5004 


Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 | 

X-Ray Inspection Method 2012 

Fine and Gross Leak Tests Method 1014 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1.. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A, with the following modification for SOS technology devices: 
Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


[é) 


. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data plus Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 


Harris -8 Product Flow 


Internal Visual Inspection , Alternate Condition B (Note 1) 
‘Gamma Radiation Assurance Tests Method 1019 
- Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C (50 Cycles) 
- Constant Acceleration Method 2001 Y1 30KG 
Fine and Gross Leak Tests Method 1014 
Marking 
Initial Electrical Tests (TO) 


Dynamic Burn-In 160 Hours, +125°C Method 1015 or Equiv- 
alent Condition D 


NOTES: 


‘Electrical Test +125°C, +85°C, -55°C Method 5004 


Electrical Tests Subgroups 1, 7, 9 (T1) Method 5004 
PDA Calculation 5% Subgroups 1, 7 Method 5004 


MEMORIES 


Group A Inspection Method 5005 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group C Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual Inspection is performed to MiIL-STD-883 Method 2010, Alternate Condition B, with the following modification for SOS technology 
devices: Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


3.. Data package contains: 


Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 


Shippable Serial Number List 
Radiation Testing Certificate of Conformance 


4. Group B, C and D data package contains Attributes Data only. 
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HS-65647RH 


Metallization Topology 


DIE DIMENSIONS: | - DE ATTACH: : 
313x291 x21+t1mils oo Material: Silver Glass 
METALLIZATION: | “s Ve WORST CASE area DENSITY: 
Type: AVS/Cu is ; 1.5x 10° Amipelem 


Metal 1 Thickness: 7500A + oKA 
Metal 2 Thickness: 10kA + 2KA 


GLASSIVATION: 
Type: SiOz 
Thickness: 8kA + 1kA 


Metallization Mask Layout i | 
| bees HS-65647RH 
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FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


1.2 Micron Radiation Hardened SOS CMOS 

- Total Dose 3 x 10° RAD (Si) 

- Transient Upset >1 x 10’? RAD (Si)/s 

- Single Event Upset < 1 x 10°!? Errors/Bit-Day 


Latch-up Free 

LET Threshold >250 MeV/mg/cm2 

Low Standby Supply Current 10mA (Max) 
Low Operating Supply Current 35mA (Max) 
Fast Access Time 50ns (Max), 35ns (Typ) 
High Output Drive Capability +8mA 

Gated Input Buffers 

Six Transistor Memory Cell 

Fully Static Design 

Asynchronous Operation 

CMOS Inputs 

5V Single Power Supply 

Military Temperature Range -55°C to +125°C 


Description 


_The Harris HS-65643RH is a fully asynchronous 64K x 1 
radiation hardened static RAM. This RAM is fabricated using 
the Harris 1.2 micron silicon-on-sapphire CMOS technology. 
This technology gives exceptional hardness to all types of 
radiation, including neutron fluence, total ionizing dose, high 


intensity ionizing dose rates, and cosmic rays. 


HS-65643RH 


Radiation Hardened 


64K x 1 SOS CMOS Static RAM 


Pinouts 


Low power operation is provided by a fully static design. Low 
Standby power can be achieved without pull-up resistors, 
due to the gated input buffer design. 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


CONTROL 
CIRCUIT 


Copyright © Harris Corporation 1992 


A c—_ 
Ai 
A2 ———_ 
A3 Cc 
A CC 
A: os 
voD 
GND 
As Cc 
A? = 
qa 
wo 
Nc Ca 
GND CS) 
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HS1-65643RH 24 PIN CERAMIC DIP 
CASE OUTLINE D3, CONFIGURATION 3 
TOP VIEW 


HS9-65643RH 24 PIN FLATPACK 
CASE OUTLINE F6A, CONFIGURATION 2 


TOP VIEW 


MEMORIES 


HS9A-65643RH 28 PIN FLATPACK 
CASE OUTLINE F11A, CONFIGURATION 2 


oo vn ona & © ND 


TOP VIEW 


File Number 2794.2 


Specifications HS-65643RH 


Absolute Maximum Ratings 7 a3 Reliability Information 


SUDDIY VOlAGG 65 ios s Bas ek S54 Ree aera es +7.0V Thermal Resistance Bn 8, 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 25°C/W __ 8.0°C/W 
Storage Temperature Range .......... arene Casa -65°C to +150°C Braze Seal Flatpack Package ......... 64°C/W_8.8°C/W 

- Junction Temperature. ... 2.2... ccc ccc cece eee eee +175°C | Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s).......... cece ee eeee +300°C Braze Seal DIP Package .........cceeccccertvccccecs 2 OW . 
Typical Derating Factor............ 3mMA/MHz Increase inIDDOP ___Braze Seal Flatpack Package ...............eseeeee 78imW 
ESD Classification .......... 0. ccc ee eee eeeeeeeeses Class1 Gate Count .......... cece eee nese nenees 101,000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | 
Operating Voltage Range (VDD) ............... +4,5V to +5.5V = Input High Voltage (VIH)............-506. .....0.8VDD to VDD 


Operating Temperature Range (Ta) ........ «e+. 55°C to +125°C Data Retention Supply Voltage... .... cece cece cee eens 2.0V 


Input Low Voltage (VIL) ....... cece eee eee eee OV to+0.2VDD Input Rise and Fall Time . ieee Meets ais weetae Bore aa ie sheng 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE 1) GROUP A puimirs | 

PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE cats UNITS 
High Level Output VOH1 ae 4.5V, 1|O = -8.0mA 1,2,3 -55°C, +25°C, 
Voltage = VDD or GND +85°C, +125°C 
| VOH2 - oe 4.5V, 1O = -100pA -55°C, +25°C, 

= VDD or GND +85°C, +125°C 

Low Level Output mee 4.5V, |O = 8.0mA -55°C, +25°C, 
Voltage = VDD or GND 


+85°C, +125°C 
High Impedance Output VDD =.5.5V, VO = GND or 


-55°C, +25°C 
Leakage Current VDD, VI = VDD or GND 


E=VDD 
Input Leakage Current 


oe +125°C 
WHorllL | VDD =5. SV, Vi = VDD or 
GND 
Standby Supply Current 


th 
x 


-55°C, 2G, 
+85°C, +125°C 


Vi = VDD or GND 
—=VDD 


+125°C 


-55°C, +25°C, 
+85°C, +125°C 


NOECCCREEL 


> 


Enable Supply oil 


VDD = 5.5V, |O = OmA, 
VI = VDD or GND 
| E=0.0V 


VDD = 5.5V, |O = OmA, 
VI = VDD or GND 
E = 0.0V, f = 1MHz 


| VDD = 2.0V, IO = OmA, 
VI = VDD or GND 
‘E=Vvob | 


Operating Supply 
Current (Note 2) 


-55°C, +25°C, 
+85°C, +125°C 


mA - 


Data Retention Supply 
Current 


55°C, 725°C 
+1 25°C 


7, 8A, 8B “SEG, +25°C, 
+85°C, +125°C 
7, 8A, 8B =55°C, +25°C, 
_+85°C, +125°C 


= 
a 


3 
> 


=, 


IDDSB_ | VDD =5.5V, |O = 0mA, ra oe -55°C, +25°C 


Functional Tests VDD = 4.5V and 5.5V 


VI = VDD or GND, f = 1MHz 


VDD = 4.5, VIL = 0.2 VDD © 
VIH = 0.8 VDD, f = 1MHz 


Noise Immunity 
Functional Test 
NOTE: 

1. All voltages referenced to device GND. 

2. Typical IDDOP coraing = 3mA/MHz mn increase in n IDDOP per 1MHz increase in address frequency.) 


© 


j os 
mn) 
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Specifications HS-65643RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS | SYMBOL 


Address Access Time TAVQV |VDD=4.5V | 
Chip Enable Access Time TELQV. | VDD =4.5V 
| Write Recovery Time TWHAX | VDD = 4.5V 


Address Hold Time — TEHAX | VDD =4.5V 


LIMITS 


(NOTES 1, 2,3) | GROUPA 


CONDITIONS | SUBGROUPS TEMPERATURE 


UNITS 


9, 10, 11 -55°C, +25°C, +85°C, +125°C 


9, 10, 11 -55°C, +25°C, +85°C, +125°C 


-55°C, +25°C, +85°C, +125° 


Q 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


) 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


Address Valid to End-of-Write VDD = 4.5V 
VDD = 4.5V 

TAVWL | VDD =4.5V 
VDD = 4.5V 
VDD = 4.5V 
VDD = 4.5V 


TDVWH_ {| VDD = 4.5V 


TOVEH | VDD =4.5V 


TAVWH_ | VDD = 4.5V 


Q 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


Chip Enable to End-of-Write TELWH |VDD=4.5V 


Chip Enable Pulse Width 


Address Setup Time 9, 10, 11 -55°C, +25°C, +85°C, +125°C | 10 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


©) 


Write to End-of-Write 9, 10, 11 -55°C, +25°C, +85°C, +125° 


Write Enable Pulse Width 9, 10, 11 -55°C, +25°C, +85°C, +125°C 


| Data Setup Time 9,10, 11 | -55°C, +25°C, +85°C, +125° 


Q) 


9, 10, 11 -55°C, +25°C, +85°C, +125° 


Q 


-55°C, +25°C, +85°C, +125° 


Address Valid to End-of-Write 9, 10, 11 


Data Hold Time TWHDX | VDD = 4.5V -55°C, +25°C, +85°C, +125°C 


TEHDX 
NOTES: 


1. AC measurements tested at worst case VDD. Guaranteed over full operating range. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD; timing reference levels = 2.0V; outputload = 1 TTL equivalent 
load and CL 2 50pF, for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


9, 10, 11 


VDD = 4.5V 9, 10, 11 -55°C, +25°C, +85°C, +125°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE 


| input Capacitance CIN 


Write Enable to Output TWLQZ_ | VDD = 4.5V and 5.5V 
in High Z ar : 


Write Enable High to TWHOX | VDD=4.5Vand5.5V. 4 | 55°C s Ty 5 +125°C 
Output ON = 


I/O Capacitance 


-55°C $ Ty S$ +125°C 


oo 
cx 
ee 
eae [ewe [fe 
ae [scare [fe 
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MEMORIES 


Specifications HS-65643RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
PARAMETERS SYMBOL CONDITIONS ‘NOTES TEMPERATURE 
Chip Enable to Output ~TELQX {| VDD = 4.5V and 5.5V — -55°C < Ta S$ +125°C So 
ON . : | 
Chip Enable to TEHQZ | VDD = 4.5V and 5.5V “55°C < Ty $ +125°C 
Output High Z 


| ReadWrite/Cycle Time | | ReadWrite/Cycle Time | | TAVAX VDD = 4. VOD =4.5Vand5.5V and 5.5V EE: S Ty $ +125°C so] - | ns | 
Output Hold from ind VDD = 4. een outa and 5.5V ee ST, S$ +125°C 
Address Change 


NOTES: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device GND. 


TABLE 4. POST 300K RAD DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


. LIMITS 
PARAMETERS SYMBOL CONDITIONS | TEMPERATURE | MIN | MAX: UNITS 
| Standby Supply Current IDDSB_ | VDD =5.5V, IO = OmA, E = VDD, +25°C mA 

VI = VDD or GND 
Enabled Supply Current VDD = 5.5V, IO = OmA, +25°C mA 

E = 0.0V, Vi = VDD or GND 
Operating Supply Current _IDDOP | VDD =5.5V, 10 = OmA, f = 1MHz, +25°C mA 
(Note 2) E = 0.0V,V! = VDD or GND | 


Data Retention Supply Current IDDDR VDD = 2.0V, IO = OmA, E=VDD a 


NOTES: 


1. DC parameters not listed in this table are tested at the +25°C pre-irradiation test limits. All AC parameters are tested at the +25°C pre- 
irradiation test limits. 


2. Typical IDDOP derating = 3mA/MHz (3mA increase in IDDOP per 1MHz increase in address frequency.) 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


- PARAMETER | SYMBOL DELTA LIMITS 
Standby Supply Current IDDSB £150pA 


High Impedance Output Leakage Current 


Input Leakage Current — + 150nA 
| a a 


+ 400mV 
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TABLE 6. APPLICABLE SUBGROUPS 


— 


Timing Waveforms 
READ CYCLE 


_TAVAX 


E Ak MLLER 
|~ TELax ieiacl 
TAXQX 


Q COCEOOCO ee 0.0. OO®, 


NOTE: Wis high for the entire cycle and D is ignored. E is stable prior to A becoming valid and after A becomes invalid. Hf 
— = oc 
WRITE CYCLE I: CONTROLLED BY W (LATE WRITE) 2 
Lu 
TAVAX = 
A CAE EK 
TAVWH - TWHAX 
E Ass Mills, 
TEHQZ 
WwW , 
TWHDX 
D XKXKXKKKMKH EK 
TWLQZ 
> TELQX E—~ TWHQX 
Q KK KKKKKY CEOCOLD 


NOTE: In this mode, E rises after W. The address must remain stable whenever both E and W are low. 
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HS-65643RH | 


Timing Waveforms (continuea) | 
WRITE CYCLE Il: EARLY WRITE - CONTROLLED BYE (EARLY WRITE) 


E 
W IO oss VMLLLLI 
TWHOX 
TEHDX | 
D XNXKAKKAKKZIE EX KK XKKX 
Q XD KAY 
TWLQZ . TEHQZ 


NOTE: In this mode, W rises after E is high. If W falls before E by a time exceeding TWLQZ and rises after E by a time exceeding TEHQZ 
then the output will remain in the high impedance state throughout the write cycle. 


Performance Curves. 


HS-65643RH TYPICAL PERFORMANCE CHARACTERISTICS 
TAF +25°C, Unless Otherwise Specified 


12 
11 
10 
9 
< 
E 8 
mom 7 
8 6 
5 
4 
3 
2 
1 
0 bs ; ' 
PRE 300K 1000K  1500K 2HR 1DAY 2DAY 
TOTAL DOSE’AND ANNEAL TIME 
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6.5 - 


~ 
TEMPERATURE (°C) © 


60 40 -20 20 40 60 80 .100 120 140 


HS-65643RH | 


Performance Curves (continued) 


HS-65643RH TYPICAL PERFORMANCE CHARACTERISTICS 
Ta = +25°C, Unless Otherwise Specified 


24 - 


NORMALIZED IDDSB 
IDDOP (mA) 
_ = 0 wd 
@e o So -_ 


owl, 
~j 


_ 
oa 


1.0 10.0 100.0 1000.0 1.0 20 30 4.0 5.0 60 7.0 80 90 10.0 
ANNEAL. TIME (HOURS) OPERATING FREQUENCY (MHz) 


MEMORIES 


PRE 100K 300K 500K 1000K = 2HR 1DAY 3DAY 
TOTAL DOSE AND ANNEAL TIME. 
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HS-65643RH 


Burn-in Circuits 7 4 & ag tt ey 
HS-65643RH 24 PIN FLATPACK AND CERAMIC DIP . HS-65643RH 24 PIN FLATPACK AND CERAMIC DIP 


’ me VDD VDD ¢ 
a 
.DI- 
D2 NC 
D3 D16 
D4 D15 
D5 D14 
D6 D13 
D7 Di2 
Ds D1 t 
NC D10 
LOAD D9 
Do D17 
D18 
1kQ 
= LOAD——¥WWV4-—— Vp D2 
DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: 5 EO METS NOTES: a. _ 
VDD = 5.5V Min VDD = 5.5V Min 
R= 10Q + 10% . R= 102+ 10% 
DO - 018 are signals from the driver EPROM Static 1 Checkerboard patterns are loaded into the memory for 
F = 100kHz static burn-in. After the pattern is written, E is raised to 
— VDD and a random address selected with inputs at either 
VDDorvSS__. 
Static 2 Repeat above except with inverse pattern. 
HS-65643RH 28 PIN FLATPACK HS-65643RH 28 PIN FLATPACK 


1kQ 
— _LOAD——-~Y~WA——. VDD/2 


DYNAMIC CONFIGURATION ‘STATIC CONFIGURATION 

NOTES: NOTES: 

VDD = 5.5V Min VDD = 5.5V Min 

R= 102+ 10% R= 1002+ 10% 

DO - D18 are signals from the driver EPROM Static 1 Checkerboard patterns are loaded into the memory for 

F = 100kHz Static burn-in. After the pattern is written, E is raised to 
VDD and a random address selected with inputs at either 

VDD or VSS 


Static 2 Repeat above except with inverse pattern. 
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HS-65643RH 


Irradiation Circuit 


HS-65643RH (64K x 1 TSOS4 SRAM) 24 PIN CERAMIC DIP 


VDD 


NOTES: 


1. VDD = 5.5V + 0.5V 
R= 10kQ + 10% 


2. All group E testing is performed in Ceramic DIP. 
3. Group E sample size is two die/wafer. 


Test Patterns 
MARCH (Il)PATTERN 


After a background of zeros is written, each cell (from begin- 
ning to end in sequence) is read, written to a one and 
reread. When the array is full of ones each cell (from the end 
to the beginning) is read, restored to a zero and reread. 


After this the pattern is repeated but with complemented 
data. 


MASEST PATTERN (Multiple Address Select Pattern) 


A checkerboard pattern is written into the memory. Then the 
first cell is read, then its binary address complement is read. 
The second cell is read and then its binary address comple- 
ment is read. This pattern of incrementing the address and 
then reading its binary address complement is repeated until 
the entire memory is read. 


This is then repeated but using a checkerboard bar pattern. 
GALROW PATTERN (Row Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 


each other cell in the row. The test cell is then rewritten back 
to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as atest cell. — 


This is pattern then repeated but using complemented data. 
GALCOL PATTERN (Column Galloping Pattern) 


After a background of zeros is written into the memory a one 
is written into the first cell. It is then read alternately with 
each other cell in the column. The test cell is then rewritten 
back to a zero. The test cell is then incremented and the 
sequence is repeated until all cells in the memory have been 
used as a test cell. 


This is pattern then repeated but using complemented data. 
CHECKERBOARD PATTERN and CHECKERBOARD BAR 


A checkerboard is written (101010) into the memory and 


then the pattern is read back. This is then repeated but using . 


complemented data. 
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Harris - Space Level (-Q) Product Flow 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 
Particle Impact Noise Detection 

Marking and Serialization 

Initial Electrical Tests (TO) 


Static Burn-in 1.36 Hour, +125°C Method 1015 or Equivalent 
Condition A 


Static Burn-In 2.36 Hour, +125°C Method 11015 or Equivalent 
Condition B 


Room Temperature Electrical Tests (T1) 
Burn-in Delta Calculation (TO-T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A Method 1015 


Dynamic Burn-In 240 Hours, +125°C Method 1015 or Equiv- 


-alent Condition D - 


Electrical Tests Subgroups 1, 7, 9 (T2) Method 5004 
Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A Method 5004 


Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 

X-Ray Inspection Method 2012 

Fine and Gross Leak Tests Method 1014 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 

Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A, with the following modification for SOS technology devices: 
Semicircular cracks not in an active area which start and end at the die edge are acceptable. 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 


Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data = Variables Data, DC Test and TELQV. Group D data package contains Attributes only. 


Harris -8 Product Flow 


Internal Visual Inspection , Alternate Condition B (Note 1) 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C (50 Cycles). 
Constant Acceleration Method 2001 Y1 30KG . 

Fine and Gross Leak Tests Method NOS 

Marking _ 

Initial Electrical Tests (TO) © 


Dynamic Burn-In 160 Hours, +125°C Method 1015 or Equiv- 
alent Condition D 


NOTES: 


Electrical Tests Subgroups 1, 7, 9 (T1) Method 5004 

PDA Calculation 5% Subgroups 1, 7 Method 5004 
Electrical Test +125°C, +85°C, -55°C Method 5004 
Group A Inspection Method 5005 

Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 (Optional) | 
Group C Inspection (Notes.2, 4) Method 5005 (Optional) 
Group D Inspection (Notes 2, 4) Method 5005 (Optional) 
External Visual Inspection Method 2009 __ - 

Data Package Generation (Note. 3) | 


1. Visual Inspection | is sainine to , MIL-STD-883 Method 2010, Alternate Condition B, with the following modification for SOS technology 
‘ -- devices: Semicircular cracks not in an active area which start and end at the die ewuee are acceptable. 


"2. These steps are optional, and should be sted on ie purchase order if required. 


3. Data package contains: 


Test Attributes (includes Group A) -55°C, +25°C, +85°C, +125°C 


Shippable Serial Number List 
Radiation Testing Certificate of Conformance 


4. Group B, C and D data package contains Attributes Data only. 
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HS-65643RH 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
297 x 310 x 21 +1mils Material: Silver Glass 


METALLIZATION: WORST CASE CURRENT DENSITY: 
Type: AVSi/Cu 1.5 x 10° Amps/cem? 
Metal 1 Thickness: seen + okA 
Metal 2 Thickness: 10kA +2kA 


GLASSIVATION: 
Type: SiO». 
Thickness: BkA + 1kA 


Metallization Mask Layout 
HS-65643RH 
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HARRIS § HS-6564RH 


Radiation Hardened 


December 1992 8K x 8, 16K x 4 CMOS RAM Module 
Features . Pinout 
¢ Radiation Hardened EP! CMOS HS5-6564RH 40 PIN CERAMIC MODULE 
- Total Dose 1 x 10° RAD (Si) INTERNAL PACKAGE CODE “HSQ” 
- Transient Upset > 1 x 10° RAD (Si)/s TOP VIEW 


- Latch-Up Free to > 1 x 10'* RAD (Si)/s 
Low Power Standby 4.4mW Maximum 

Low Power Operation 308mW/MHz Maximum 
Data Retention 3.0V Minimum 

TTL Compatible In/Out 

Three State Outputs 

Fast Access Time 250ns Maximum 

Military Temperature Range -55°C to +125°C 
On Chip Address Registers 

Organizable 8K x 8 or 16K x 4 

40 Pin DIP Pinout 2.000" x 0.900" 


Description 


The HS-6564RH is a radiation hardened 64K bit, synchronous CMOS RAM 
module. It consists of 16 HS-6504RH 4K x 1 radiation hardened CMOS RAMs, in 
leadiless carriers, mounted on a ceramic substrate. The individual RAMs are 
fabricated using the Harris radiation hardened guard ring, self-aligned silicon gate 
technology. The HS-6564RH is configured as an extra wide, standard length 40 pin 
DIP. The memory appears to the system as an array of 16 4K x 1 static RAMs. The 
array is organized as two 8K by 4 blocks of RAM sharing only the address bus. The 
data inputs, data outputs, chip enables and write enables are seperate for each 
block of RAM. This allows the user to organize the HS-6564RH RAM as either an 
8K by 8 or a 16K by 4 array. * Pins 20 and 40 (VDD) are internally connected. 


F ; Similarly pins 1 and 21 (Ground) are connected. 
This 64K memory provides a unique blend of low power CMOS semiconductor The user is advised to connect both VDD pins 
technology and advanced packaging techniques. The HS-6564RH is intended for and both Ground pins to the board busses. This 
use in radiation environments where a large amount of RAM is needed, and where will improve power distribution across the array 
power consumption and board space are prime concerns. On-chip latches are and will enhance decoupling. 
provided for addresses, data input and data output allowing efficient interfacing with Pin 10 is internally connected to pin 11, and pin 
microprocessor systems. The data output can be forced to a high impedance for | 30S connected to pin 31. For those users wish- 
use in expanded memor ; Th teed | It dat tention ing to preserve board compatibility with possible 
: P : . y altay>: . guaraiiee ow voltage ‘ ate TEISAO future RAM arrays, we recommend connections 
characteristics allow easy implementation of non-volatile readswrite memory by to the write lines be made at pins 11 and 31, 


using very small batteries mounted directly on the memory circuit board. leaving pins 10 and 30 free for future expansion. 


Functional Diagram 
E1 


E2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. - FileNumber 3032 
Copyright © Harris Corporation 1992 8-36 


Specifications HS-6564RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage....... iP eda s Re ea we eee seas -3.0V to+7.0V Thermal Resistance Bia 8. 
Input or Output Voltage Applied......... GND-0.3V to VDD+0.3V 40 Pin Ceramic Module Package ...... TBD TBD 
Storage Temperature Range ............-00e. -65°C to+150°C | Maximum Package Power Dissipation at +125°C 

Junction Temperature... . cc ccc cee eee eee wetness +175°C 40 Pin Ceramic Module Package ..........cceeeeeceees TBD 
Lead Temperature (Soldering 10s)........... 2c cee eee +300°C : - Gate COUN 2. oiiaciscwenciete ety ades Penweuees 53,336 Gates 
Typical Derating Factor........... 48mA/MHz Increase in IDDOP 

ESD Classification 3 0taecssccdeceas eee ee ick eee Class 1 


‘CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | 
Operating Supply Voltage Range.............6- +4.5V to+5.5V Operating Temperature Range ................ -55°C to.+125°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS =f 
PARAMETER SYMBOL CONDITIONS } min | MAX | UNITS 


_Standby Supply Current | IDDSB IO = 0, VI= GND or VDD © p= 1600 fA 
mA 


Operating Supply Current — IDDOP1 f = 1MHz, 1|O=0 
(8K x 8) (Note 1) VI = VDD or GND 


NO 
foe) 


Operating Supply Current | 
(16K x 4) (Note 1) 


IDDOP2 f=1MHz,lO=0 ~ 
Vi = VDD or GND 


Data Retention Supply Current. IDDDR 10 = 0, VDD = 3.0 


Vi = VDD or GND | 


Data Input Leakage (8K x 8) 
Data Input Leakage (16K x 4) WD2 
Enable Input Leakage (8K X 8) 


EE 


Data Retention Supply Current 


< 


Address Input Leakage +20 


i 
nn 


Enable Input Leakage (16K x 4) 


Write Enable Input Leakage (Each) 


| GND s VIs VDD 
GND s VOs VDD 
GND s VO's VDD 


Output Leakage (8K x8) ~ ~  10Z1- 


Output Leakage (16K x 4) 


WwW 
22 
| 


Input Low Voltage 


: s s 
io) 


Input High Level VIH1 


(Except E and W) 


Input High Level 


| VIH2 
-(E and W) 


| 
lO 
VIL 
VOL 
H 


Output Low Voltage IOL = 2.0mA 


IOH = -1.0mA 


Output High Voltage VO 


NOTES: 5 OR : | 
1. Operating supply currentis proportional to operating frequency. IDDOP is specified at an operating frequency of 1MHz indicating repetitive 
accessing at a ips rate. Operating at slower rates will decrease IDDOP proportionally. 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Chip Enable Aooess Tine Ss ee ee 


Address Access Time . TAVQV Note 1 
(TAVQV = TELQV + TAVEL) 


Chip Enable Low TELEH Note 1 


Chip Enable High | TEHEL 


Address Setup Time ~  TAVEL Note 1 


5 


Address Hold Time TELAX Note 1 , 


Write Enable Low ~ TWLWH Note 1 


Write Enable Setup Time TWL 
Early Write Setup Time TWLEL Note 1 


Early Write Hold Time Note 1 


~ 

m 
E 

x 


a 
Oo 
: 


Data Setup Time 


Early Write Data Setup Time TDVEL 


Note 1 


Data Hold Time TWLDX Note 1 


Early Write Data Hold Time TELDX Note 1 


m 
ae 


Early Write Pulse Hold Time TELWH Note1 — 


NOTE: 
1. Inputs TRISE = TFALL < 20ns: Outputs : CLOAD = 50pF. All timing: measurements at 1/2 VDD. 


‘TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


LIMITS 


PARAMETER - SYMBOL CONDITIONS 


CIA f=1MHz, Vi=VDDorGND | 


CID1 f = 1MHz, VI = VDD or GND . 


Address Input Capacitance 
Data Input Capacitance (8K x 8) 


Data Input Capacitance (16K x 4) CiD2 f = 1MHz, V! = VDD or GND 


Enable Input Capacitance (8K x 8) CIE1 f = 1MHz, Vi = VDD or GND 


Enable Input Capacitance (16K x 4) CIE2 f = 1MHz, VI = VDD or GND 


Write Enable Input Capacitance CIW f = 1MHz, Vi = VDD or GND 
(Each) 


Output Capacitance (8K x 8) Coli 


f = 1MHz, VO = VDD or GND 


Output Capacitance (16K x 4) COQ2 


ao} Lo) ~o ao] bo) Bo} ou ilu 


f= 1MHz, VO = VDD or GND 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) (Continued) 


LIMITS 
PARAMETER — SYMBOL | CONDITIONS PMN | 


Output Enable Time - TELQX 


Data Valid to Write TQVWL 
(Read-Modify-Write) 


NOTE: 
1. Inputs: TRISE = TFALL s 20ns. Outputs: CLOAD = 50pF. All timing measurements at 1/2 VDD. 


4 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1.and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


NOTE: Circuits are Burned-in as HS-6504RH discrete units, see HS-6504RH for approp- 
piate burn-in delta information. 


TABLE 6. APPLICABLE SUBGROUPS 


. NOTE: Quality Conformance Inspection (QC1) applies to the individual HS-6564RH devices, not to the assembled module. See HS-6504RH 
for further information. : 


MEMORIES 
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Timing Waveforms 
READCYCLE 


\AAAAAAA/ WR AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA AAAS AA? 
BESS SSO I OI I KIKI KOKI . 
Bi SRSLY ADD VALID RSS SSO IR KR OMI KKK KI IN NEXT ADD 


TEHEL 


mi 


HIGH-Z 


OOOO? 


) HIGH-Z 


= HIGH 


-1 0 1 2 3 4 5 


The address information is latched in the on chip registers enabled but data is not valid until during time (T = 2). W must 
on the falling edge of E (T = 0). Minimum address set up and __ remain high until after time (T = 2). After the output data has 
hold time requirements must be met. After the required hold - been read, E may return high (T = 3). This will disable the 
time, the addresses may change state without affecting output buffer and ready the RAM for the next memory cycle 


device operation. During time (T = 1) the output becomes (T= 4). 
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Timing Waveforms (Continued) 


EARLY WRITE CYCLE 
TELAX 
TAVEL TAVEL ———>- 
A SESSeED SS NORSK NEXT ADD 
TEHEL 
E 
TWLEL 
0 ZS MMI 
TOVEL 


LLL KR LION +,0 0.0.0.0 0.0.0.9: O & & 0.00.0. 0 O00 0 OO 9.009.000 :0.0.09O-0:9.O. 2.0: OOOO OOOO 0.0 O.\ 
MOO OOVOY 0,9, 0,0, 0,0. 0.0.0, 0,0, 0.0, 0,0,.0,0,0,%. 0,00, 0,0, 0,0,0,0, 0,0, 0,0,0,0, 0, 0,0, 0,0,0, 0,0, 0,0,0,0,0,0,%, 0.0 ,0,0, 05 
DRESSER _DATA VALID ARSE III POON NEXT DATA 
HIGH-Z HIGH-Z 
Q 
TIME , 
REFERENCE 


TRUTH TABLE 


TIME INPUTS 
REFERENCE {| E— | 
ae ee eae 
a ee ee ee 
ae ae ee ae 
eae alee PE ee 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E (T 
= 0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of W at the time 
E falls determines the state of the output buffer for the cycle. 
Since W is low when E falls, the output buffer is latched into 


a ee 

, 

, 

px XX 2 | Write in Progress internally | 
| 


OUTPUT 
Q FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 


| Z| Write Complete 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


the high impedance state and will remain in that state until E 
returns high (T = 2). For this cycle, the data input is latched 
by E going low; therefore data set up and hold times should 
be referenced to E. When E (T = 2) returns to the high state 
the output buffer disables and all signals are unlatched. The 
device is now ready for the next cycle. 
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Timing Waveforms (Continued) 
READ MODIFY WRITE CYCLE 


TELAX 
TAVEL —>- 


os TEHEL 
E 

TWHEL—> 
WLW 


Ox S550 


: ererere Secesese, MCCOOK OK 55505055 See 
S505 SSS OS P HSK HIS eetetete ete 20606 ots eee) 
D stetatatetatatatatetaletatatalel statetatetatetetatatstetets stetaletatatetetetetel, 
TELQV 
HIGH-Z TELOX x 
/ 
Q ROO 


TIME 
REFERENCE 


SPAM MD 4,0, 050,0:0:4. 0.0.0.0... 6.0.6 
SKK . EXKRKKKKKKKKKKKKKKK KKK KKK KK KKM K KKK KKK KIKI OD 
A BSR cetetetets ox 8 ADD VALID reveteteteteceteretete’ ones $2 settee estatetatetateteteteteteten efececece: stetetetens & stetatetatetetet iy ‘NEXT DATA 
—e———" 


—~<— TWHEL 


S58 


VALID DATA OUTPUT 


TRUTH TABLE 


TIME 
REFERENCE 


i 


The read modify write cycle begins as.all other cycles on the 
falling edge of E (T = 0). The W line should be high at (T = 0) 
in order to latch the output buffers in the active state. During 
(T = 1) the output will be active but not valid until (T = 2). On 
the falling edge of the W (T = 3) the data present at the out- 
put and input are latched. The W signal also latches itself on 
its low going edge. All input signals excluding E have been 
latched and have no further effect on the RAM. The rising 


ony | | 
FUNCTION 


(meee 


edge of E (T = 5) completes the write portion of the cycle 
and unlatches all inputs and output. The output goes to a 
high impedane and the RAM is ready for the next cycle. 


NOTE: In the above descriptions the numbers in parenthesis (T = n) 
. fefers to the respective timing diagrams. The numbers are 
located on the time reference line below each diagram. The 
timing diagrams shown are only examples and are not the 
only valid method of operation. 
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Organization Guide 


To Organize 8K x 8: 

Connect: E1 with E3 (Pins 9 + 32) 

. E2 with E4_ (Pins 12 + 29) 
W1 with W2 | (Pins 11 +31) 

To Organize 16K x 4: 

Connect: QO with Q4 (Pins 2 + 39) 
DO with D4 (Pins 3 + 38) 
Q1 with Q5 (Pins 4 + 37) 
D1 with DS (Pins 5 + 36) 
D2 with D6 (Pins 16 + 25) 
Q2 with Q6 (Pins 17 + 24) 
D3 with D7 (Pins 18 + 23) 
Q3 with Q7 (Pins 19 + 22) 


Optional W1 maybe common with W2 (Pins 11 +31) 
Concerns for Proper Operation of Chip Enables: 


The transition between blocks of RAM requires a change in 
the chip enable being used. When operating in the 8K x 8 


HS-6504RH (One of Sixteen) 


LATCHED 
7 ADDRESS | 
REGISTER | 


LSB A11 A5 A4 A3 A9 A10 


64 
| GATED COLUMN | p 

1 DECODER AND 

iL — is 


mode, use the chip enables as if there were only two, E1 and 
E2. In the 16K x 4 mode, all chip enables must be treated 
separately. Transitions between chip enables must be 
treated with the same timing constraints that apply to any 
one chip enable. All chip enables must be high at least one 
chip enable high time (TEHEL) before any chip enable can 
fall. More than one chip enable low simultaneously, for 
devices whose outputs are tied common either internally or 
externally, is an illegal input condition and must be avoid. 


Printed Circuit Board Mounting: 


The leadless chip carrier packages used in the HS-6564RH 
have conductive lids. These lids are electrically floating, not 
connected to VDD or GND. The designer should be aware of 
the possibility that the carriers on the bottom side could 
short conductors below if pressed completely down against 
the surface of the circuit board. The pins on the package are 
designed with a standoff feature to help prevent the leadless 
carriers from touching the circuit board surface. 


ASA 
LATCHED | ALL LINES ACTIVE HIGH-POSITIVE LOGIC 
ADDRESS THREE-STATE BUFFERS: 
REGISTER - A HIGH OUTPUT ACTIVE 
CONTROL AND DATA LATCHES: 


L LOW-~> Q=D 
- QLATCHES ON RISING EDGE OF L 
ADDRESS LATCHES: . on 
LATCH ON RISING EDGE OF E 
GATED DECODERS: 
GATE ON RISING EDGE OF G 
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Board Size Tradeoffs 


Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, 
complexity, number of layers, choice of board material, and 
other factors. 


The following table compares board space for 16 standard 
DIP 4K RAMs to the HS-6564RH RAM array. Both fine line, 
close tolerance layout and standard “easy” layout board 
sizes are shown in the comparison. 


‘We urge you to contact your local Harris office of sales 
representative for accurate pricing allowing cost tradeoff 
analysis. In your cost analysis, also consider the advantages 
of a lighter, smaller overall package for your system. Con 
sider how much more valuable your system will be when the 
memory array size is decreased to about 1/6 of normal size. 


64K ARRAY OR 16 4K RAMs 
ON A PC BOARD vs. THE HS-6564RH 


CIRCUIT 
SUBSTRATE 

18 Pin DIP Standard Two Sided | 12 to 15 Square 

PCB Inches 
18 Pin DIP Fine Line or Multilayer | 9 to 11 Square Inches 

PCB 
18 Pin Leadiess | Multilayer Alumina 3 to 5 Square Inches 
Carrier — . Substrate . 


HS-6564RH Two Sided Mounting | 2 Square Inches 


Substrate 


Low Voltage Data Retention 


HARRIS CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are guaranteed 
over temperature. The following rules insure data retention: 

1. Chip Enable (E) must be held high during data retention; 

within VDD +0.3V to VDD - 0.3V. 

2. All other inputs should be held either high (at CMOS VDD) 

or at ground to minimize IDDDR. 

3. Inputs which are held high (e.g. E) must be kept between 
VDD +0.3V and 70% of VDD during the power up and 
power down transitions. 

. The RAM can begin operation one TEHEL after VDD 
reaches the minimum operating voltage (4.5 volts). 


fs 


Multilayer Alumina 
DATA RETENTION MODE 


DATA RETENTION MODE 


4.5V 4.5V 


VDD 2 3.0V 


Burn-Iln/Arradiation Circuits 


NOTE: See HS-6504RH for appropriate irradiation bias and BI circuits. 


Harris - Space Level Product Flow 


HS4-6504RH LCCs are fully tested and processed through 
the Harris space level (-Q) product flow (see page 8-91) and 
are assembled onto a ceramic substrate for the HS5- 
6564RH module. | 

Temperature Cycle - 10 Cycles 

Serialization 

Electrical Tests Subgroups 1, 7, 9; Read and Record Sub- 
group 1 only 

Electrical Tests Subgroups 3, 8B, 11; Read and Record Sub- 
group 3 only 


Electrical Tests Subgroups 2, 8A, 10; Read and Record Sub- 
groups 2 only 


NOTES: 


Gross Leak Method 1014, 100% 

Fine Lead Method 1014, 100% 
Customer Source Inspection (Note 1) 
External Visual Inspection Method 2009 
Data package Generation (Note 3) 


1. These steps are optional, and should be listed on the purchase order if required. 
2. This data comes from the testing and processing of the HS5-6504RH LCC’s. 


3. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance (Note 2) 


Wafer Lot Acceptance Report (includes SEM report) (Note 2) 
X-Ray Report and Film (Note 2) 
Test Variables Data 


w HARRIS HS-65C162RRH 


Radiation Hardened 


December 1992 2048 x 8-Bit Asynchronous CMOS Static RAM 
Features : Pinouts | 
¢ Radiation Hardened EPI-CMOS | 24 PIN SIDEBRAZED DIP 
- CASE OUTLINE D3, CONFIGURATION 3 
¢ Total Dose 2 x 10° RAD(SI) | TOP VIEW 


e Transient Upset > 1 x 10° RAD(Si)/s 
° Latch-Up Free > 1 x 10'2 RAD(Si)/s 

¢ Single Event Upset Hardened Option 
e Low Standby Current 200A Max 

¢ Fast Access Time 160ns Max 

2048 x 8-Bit 


° Single +5V Power Supply 
e Asynchronous Operation 
° CMOS Compatible Inputs 
¢ Completely Static Operation 


° Three-State Output 
° Military Temperature Range -55°C to +125°C Operation 
: 24 PIN FLATPACK 
° Functionally Equivalent to Harris HM-65162 CASE OUTLINE F6A, CONFIGURATION 2 
. TOP VIEW 
Description | 
The HS-65C162RRH is designed to be functionally 1 VDD 
compatible with the Harris HM-65162. This device is a 2 Ag is 
asynchronous 2048 x 8-bit static CMOS RAM fabricated 3 dy Lu 
using the Harris radiation hardened, self-aligned junction 4 hl cc 
isolated silicon gate technology. The HS-65C162RRH is ? S ° 
: : ; 6 A10 = 
designed to have a maximum access time of 160ns after z TT 
exposure to 2 x 10° Rads(Si) over the full military tempera- : DQ7 = 
ture range. Latch-up free operation is achieved by the use of : pas 
epitaxial starting material. In addition, the device is single pas 
event upset hardened. Operation is designed for +5V. pas 
DQ3 
PINS | DESCRIPTION 
Address Input 
| pa Data In/Data Out 
Pe cee Chip Enable 
Output Enable 
Write Enable 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3030 


Copyright © Harris Corporation 1992 
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Functional Diagram 
ener 
A3 OC ROW 
A4 © ADDRESS 
AS © BUFFER 
A6 © 
A7 © 
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HS-65C162RRH 


128 X 128 
MEMORY ARRAY 


pECUDER 


COLUMN DECODER 
INPUT rh OUTPUT rae 


a 
[tootsie BUFFER 
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TRUTH TABLE 
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Specifications HS-65C162RRH 


Absolute Maximum Ratings Reliability Information 

SUDDIV VOllAgG 2044s cee te cece ates tae eh ates Seees +7.0V Thermal Resistance Gia Bie 
Input, Output or /O Voltage ............ GND-0.3V to VCC+0.3V Braze Seal DIP Package............. 5E°C/IW «12°C /W 
Storage Temperature Range ............e000: -65°C to +150°C Braze Seal Flatpack Package......... 66°C/W 1 1°C/W 
Junction Temperature... .... cece cece eee ee eee +... +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10S)............cceeeeee +300°C Braze Seal DIP Package... .... cece cere cece eecences 0.89W 
Typical Derating Factor............ 5mA/MHz Increase in ICCOP Braze Seal Flatpack Package ..............eeeee sees 0.76W 
ESD Classilication. s+ .09 vod Seasasudeeeiseiasaaaees Class‘t.” “Gate Count <2.ccea se serie. datas ba ob ae Saewse barre 26000 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.......... cece eee +4.5V to+5.5V = Input High Voltage... 1... eee eee ee ee eee ee VDD -1.5V to VDD 
Operating Temperature Range..............4. -55°C to+125°C Data Retention Supply Voltage.............0 000s 3.0V to 4.5V 
SEU Immunity Operating Temperature Range..... -20°C to +80°C = Input Rise and Fall Time... .. 0... cece eee cee eee 40ns Max. 
INDUt Low VoltagGis:sssa cea eke cheeses cae wees s OV to +0.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 
(NOTE 1) 


PARAMETER SYMBOL CONDITIONS 


Voltage 
VOH2 VDD = 4.5V, |O = -100mA -55°C s Ta 5 +125°C | VDD- 
0.4 
Low Level Output VOL VDD = 4.5V, 10 = 5.0mA -55°C $ Ta S$ +125°C 


High Impedance Output 1OZ VDD = 5.5V, G = 5.5V, or 1,2,3 -55°C $ Ta S$ +125°C 
E = 5.5V, VI/O = GND or 
VDD 


Leakage Current 
VDD = 5.5V, VI = GND or -55°C s Ta S$ +125°C 
VDD 


2 haa 
Standby Supply Current IDDSB1_ | VDD =5.5V, 10 = OmA, 1,2,3 -55°C < Ty S$ +125°C 
E =5.5V 
" ° ie 
| : iB 


GROUP A 
SUBGROUPS 


Input Leakage Current 


Operating Supply IDDOP | VDD =5.5V, G =5.5V, -55°C < Ta S$ +125°C 
Current (Note 2), f = 1MHz, E = 0.8V 
ENIDD VDD = 5.5V, 1O = OmA, 1,2,3 
E = 0.8V, VDD = VIH, 
VIL = OV 


Data Retention Supply IDDDR_ | VDD =3.0V, lO = OmA, 1 -55°C s Ta S$ +125°C 
Current E=VDD 
Functional Test VCC = 4.5V (Note 3) 


NOTE: 
1. All voltages referenced to device GND. 
2. Typical derating = 5mA/MHz increase in ICCOP. 
3. Tested as follows: f = 1MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH 2 1.5V, and VOL < 1.5V. 


Enable Supply Current -55°C < Ta S +125°C 


7, 8A, 8B -55°C < Ta $ +125°C 
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MEMORIES 


Specifications HS-65C162RRH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 


. . DO ten tee aoe : ' GROUP A 
. PARAMETERS SYMBOL . CONDITIONS SUBGROUPS 


-55°C $ Ta 5 +125°C 


- 1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL > 50pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


LIMITS 
- (NOTE 1) : 
PARAMETERS SYMBOL CONDITIONS 
Input Capacitance CIN VCC = Open, f = 1MHz Ta = +25°C 
. Ta = +25°C 
\/O Capacitance Ci//O — | VCC =Open, f = 1MHz 


ie) 


Write Enable to Output in High Z TWLQZ_ | VCC = 4.5V and 5.5V 
Write Enable High to Output ON TWHQX_ | VCC = 4.5V and 5.5V 
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HS-65C162RRH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


LIMITS 
(NOTE 1) 
PARAMETERS SYMBOL NOTES TEMPERATURE 


CONDITIONS Min | MAX: UNITS 
Output Hold from Address Change | TAVQX_ | VCC = 4.5V and 5.5V ee. -55°C < Ty S$ +125°C ps | - | as | 
Oye Tne ravax [voo=aavandsev | 1 | o0stsvtane | 200 | - | vs | 


NOTES: . 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device grounds. 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


es 


Input Leakage Current +100nA 


£100nA 


ee 
Standby Supply Current iDDSB1 


TABLE 6. APPLICABLE SUBGROUPS 


fare tomes 


MEMORIES 
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HS-65C162RRH 


Timing Waveforms — 
READ CYCLE 


— TAVQV 


ADDRESS 


7) | 


~ TGLAV 


SQQy TGLQX 


mi 


TAVAX 


- TEHQZ | 


WML 


is —WAAAAP | G0 IKKE ™®& | JAA AAA/ 
ERs | EELS 
arererererers nerereeete, 
Q Sp 552525555 
029 0.00, 99,024, 


NOTE: Wishigh foraRead Cycle — 


Addresses must_remain stable for the duration of the read 
cycle. To read, G and E must be s VIL and W 2 VIH. The 
output buffers can be controlled independently by G-while E 
is low. To execute consecutive read cycles, E may be tied 


~ low continuously until all desired locations are accessed. 


‘When E is low, addresses must be driven by stable logic 
levels and must not.be in the high impedance state. 


WRITE CYCLE |! 
| — TAVAX 
ADDRESS __ | 
TELWH 
E MG GW °"h»Eer : SLM lll 
Ww IW. bs 
a ees eS ere 
2 RES CCRRR : ESSE 
: SESS ERR RSS RSS . CER 


<_—————— Taw — 


NOTE: Wis high for a Read Cycle 


To write, addresses must be stable, E low and W falling low 
for a period no shorter than TWLWH. Data in is referenced 
with the rising edge of W. (TDVWH and TWHDxX). While 
addresses are changing, W must be high. When W falls low, 
the I/O pins are still in the output state for a period of TWLQZ 


and input data of the opposite phase to the outputs must not 
be applied. (Bus contention). If E transitions low simulta- 
neously with the W line transitioning low or after the W tran- 

- sition, the output will remain in a high impedance state. G is 
held continuously low. 
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WRITE CYCLE ll 


ADDRESS 


TWHAX 
F WWW Rr: KEL 
TGHQZ i 
0 EERE 
TDVEH 
> SRE re 
TDOVWH 


In this write cycle G has control of the output after a period, 


TGHQZ. When W transitions high, the data in can change 


TGHQZ. G switching the output to a high impedance state after TWHDX to complete a write cycle. 


allows data in to be applied without bus contention after 


Low Voltage Data Retention 


Harris CMOS RAMs are designed with battery backup in 
mind. Data retention voltage and supply current are 
guaranteed over temperature. The following rules insure 
data retention: 


1. Chip Enable (E) must be held high during data retention; 
within VDD to VDD +0.3V. 


2. E must be kept between VDD +0.3V and 70% of VDD 
during the power up and power down transitions. 
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DATA RETENTION TIMING 


DATA RETENTION MODE 


VDD 


4.5V VDD > 3.0V 4.5V 


VDD TO VDD +0.3V 


MEMORIES 


Burn-in Circuits 
HS-65C162RRH (CERAMIC DIP) 


ual 


STATIC CONFIGURATION 


HS-65C162RRH (FLATPACK) 
© VDD 


ij 


iii 


PETE 


STATIC CONFIGURATION 


NOTE: 
C1 =0.01pF (min) 


HS-65C162RRH 


HS-65C162RRH (CERAMIC DIP) 


VOD 
ae arr pq}v0D 
rows aA tw Fit 
Fe AST] aa} 42 F12 
F7 Ata 21] m FA 
F6 = 5 | 20] = Fo 
FS 3 ro} FI3 
F4 = 7 | 18] E FO 
= Aor DQ7 
bao pO | 
2 Cent Ces an 
GND io eat cd 
12 13] 
DYNAMIC CONFIGURATION 
HS-65C162RRH (FLATPACK) 
voD 
F10 ld VoD 
F9 = = Fi 
FS Be = Fi2 
se AA wi es 
F6 at FO 
FS a0 F13 
E/ 


DYNAMIC CONFIGURATION 


NOTES: 


VCC =6.0V + 0.5V 

VIH = 4.0V to VCC 

VIL = 0.8V (max) 

C1 = 0.01pF (min) 

All Resistors = 27kQ + 10% 

FO = 100KHz + 10%, 50% duty cycle 
F1 =FO0/2, F2 =F1/2,...F13=F12/2 
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HS-65C162RAH 


Irradiation Circuit 


HS-65C162RRH (CERAMIC DIP) 
VDD = 5.5V 


Liat 
AL | 


NOTE: 
1. Pin 12 to Ground 
2. All other pins tied to VDD 
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HS-65C162RRH 


Harris - Space Level (-Q) Product Flow note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 © 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization | 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) - 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: | | 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
: 5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 | 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


- 1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 
2. These steps are optional, and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression’as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) - 
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HS-65C162RRH 


Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: 
198 x 270 x 19+1mils- Material: Gold Silicon Eutectic Alloy 
: Temperature: Braze Seal DIP - 460°C (Max) 
sls each Braze Seal Flatpack - 460°C (Max) 
Type: Silicon-Aluminum 


Thickness: 13kA + 1.5kA WORST CASE CURRENT DENSITY: 


5 2 
GLASSIVATION: 1.4 x 10° A/cm 
Type: SiO. | SUBSTRATE POTENTIAL: VDD 
Thickness: 8kA + 1kA 


Metallization Mask Layout 
| HS-65C162RRH 


[eg] eos 
beets |i} (19) Ato 


A2 (6) pratt | | _Se seat 2 ‘3 o- 
Sate at eee (oh _ee e 


e 


: 
2 
x 


BOLVASHSSSSHSSIRSHSSSAACSSTSSSSSHLCACHSTRHATCLSTARREREESSERATHASRCRRASHTTESESSARISSECSKOSASREERAAACSRASRCLSSRSRSRRESCERACARAMD 
— 


oenenecevecnce: seace a itittittitittttt ttt ttt ttt te Siitttitttitttitttetittt ttt ti ttt ttdtt12tdettd 
PVROCSTOTSTHS OSHSSSTSSSS SAS ASSSSTVGSHCSIAHSSSACALO HASH SSAAIGESAACAHTSCERSSUSOSSSASCSAVMRORSCESESSESSSARABSSaeRassesenessa - 
euneeacvecs eones: woessess eoqaceesa? !,,! 


MEMORIES 


eweecsesce 
5 ig : ENS ele Bin Ale eR es, Sey te Sah ak 5 : SG, Ve dO an ed SOE 2 igen Hah ee a gL eket eh ae ah Ln ee eae Pr eee Sa fey eee ae 
wewrenr ew en ewww ew ee we wr woeowwrwaew ero we we eww ewwweweewe ww wwe were we wewrewrwvor weer sow ow 


a ‘ Y t oes os net eee t = ' aa re si ey. 
Teed eran CN >See aet | aa ETE 
Tuy bs ne eS a ee ‘4 eurer ! 18) E 
Al (7) Clee aaa Se TS mm) ei (18) 


ee er ee ee PTT TITTLE er 


Ao (8) [Ciena tel Bed ed | eet Pee 


DQ1 (10) 
DQ2 (11) 
GND (12) 
DQ3 (13) 
DQ4 (14) 
DQS (15 
DQ6 (16) 
DQ7 (17) 
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mHaRRis  HS-65C262RH/RRH 
seuieoweveron = HS -65T262RRH 


Radiation Hardened 


December 1992 ae ae 16K x 1 CMOS RAM 
Features | _ | Pinouts 
e Radiation Hardened EPI-CMOS | | . ‘20 PIN CERAMIC DIP 
ss 5: | j CASE OUTLINE D8, CONFIGURATION 3 
Total Dose 2 x 10° RAD(Si) SORIA 7 


- Transient Upset > 5 x 10° RAD(Si)/s 
- Latch-up Free > 1 x 10’? RAD(Si)/s 


Single Event Upset Resistant Option 
e Low Standby Current 200A (Max) 
e Low Operating Current 6mA/MHz (Max) 


e Fast Access Time 150ns (Typ) 

e 16,384 x 1-Bit 

e Single +5V Power Supply 

e Asynchronous Operation 

e CMOS or TTL Compatible Inputs 


e Completely Static Operation 2 24 PIN FLATPACK 
G. * CASE OUTLINE F-6A, CONFIGURATION 2 
¢ Three-State Output | | | TOP VIEW 
e Military Temperature Range -55°C to +125°C | | 
| or Ao co 1 S—— vop 
“i 7 | ASS 2 pod Ald 
Description - ts . we F = 
The HS-65C262RH and HS-65T262RRH are both designed | A3 === 4 —— Att 
to be functionally compatible with the Harris HM-65262. Two | 44 —— 5 ——— Alo 
versions of the radiation hardened CMOS-RAM are offered | N¢ &—— 6 ——— NC 
to provide both CMOS input levels (HS-65C262RH) and TTL | NC o— q ——— Ne 
compatible input levels (HS-65T262RRH). Both RAMs are | 4% —— : ——— 
asynchronous 16,384 x 1 bit static CMOS RAMs fabricated hac = — eed 
using the Harris radiation hardened, self-aligned junction | Ps — = 
isolated silicon gate technology. The devices are designed to Gnp E==? — F- 
have a maximum access time of 150ns for CMOS input 
levels and 175ns for TTL input levels after exposure to 2 x 
10° Rads(Si) over the full military temperature range. Latch- 
up free operation is achieved by the use of epitaxial starting 
material. In addition, the devices have the option to be single |. 
event upset resistant. Operation is designed for +5V. Contact 
your nearest Harris represent- ative for sample availability. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. File Number 3031 
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HS-65C262RH/RRAH, HS-65T262RRH 


Functional Diagram 


COLUMN DECODER ee al COLUMN DECODER 
AND SENSE AMPS oe AND SENSE AMPS 


128 ROWS BY 
64 COLUMNS 


128 ROWS BY 
64 COLUMNS 


PRE-CHARGE “Tt PRE-CHARGE 


ROW ADDRESS | ROW ADDRESS TRANSITION DETECTOR | DETECTOR 


ROW 
DECODER 


AO - Ad, 
A11, A12 


TRUTH TABLE 


ee 
Ce 
ee 
eC 
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_ Specifications HS-65C262RH — 


Absolute Maximum Ratings 


SUDDIV VOiAGO cc a4.ecwe vate ae eae noted eeeene se +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ........... Mateeas -65°C to +150°C 
Junction Temperature... 0... cc ccc cece cece eee eeees +175°C 
Lead Temperature (Soldering 10s)............2...206..4 #800°C 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP 
ESD Classification ...... 0... cc cece cece eens deta Bae Class 1 


Reliability Information 


Thermal Resistance Gia Oc 
Braze Seal DIP Package............. 78°C/W 13°C 
Braze Seal FP Package.............. 91°C/W11°C/W 

Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Package.......... ccc ccecceeee cece 0.64W 

. Braze Seal FP Packages os ies. vawie ccs esac swewiin's 0.55W 

Gate Count....... Annee coerce Hie See we pa ees 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in.the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.......... Siabinte Riera +4.5V to +5.5V 
Operating Temperature Range............. «= 55°C to +125°C 
Input Low Voltage.............2.- beeen ones OV to +0.8V 


Input High Voltage. ........ eee e eee VDD -1.5V to VDD 
Data Retention Supply Voltage..........-0-...eee 3.0V to 4.5V 
Input Rise and Fall Time... 2... eee cee eee eee 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested | 


Standby Supply Current IDDSB1 =| VDD = 5.5V, lO = OmA, 
. E= VDD-0.3V 
IDDOP 


Operating Supply 
Current 


VDD = 5.5V, (Note 2), 
f = 1MHz, E = 0.8V, 
VI = GND or VDD 


Data Retention Supply 
Current 


VDD = 5.5, |O = OmA, 


Enable Supply Current feu 


NOTE: 


(NOTE 1) 
PARAMETER SYMBOL CONDITIONS 
High Level Output VOH1 VDD = 4.5V, IO = -5.0mA 
Voltage 
Low Level Output VOL VDD = 4.5V, lO = 5.0mA 
Voltage 


High Impedance Output OZ VDD = 5.5V, E = 5.5V 
Leakage Current VO = GND or VDD 
Input Leakage Current a VDD = 5.5V, VI = GND or 
VDD 


IDDDR_ {| VDD =3.0V, lO = OmA, 
E = VDD-0.3V, VI = VDD or 
. GND 


E = 0.8V, VI = GND or VDD 


Functional Test _- VDD = 4.5V (Note 3) 7, 8A, 8B 


GROUP A 
SUBGROUPS | TEMPERATURE 
55°C $ Ty S$ +125°C 
55°C $ Ty $ +125°C 


[a 55°C $ Ty $ +125°C 


V 


-55°C $ Ty S$ +125°C y 


-55°C < Ta S +125°C 


-55°C $ Ty $ +125°C 


-55°C s Ty S$ +125°C 


“55°C ST, S$ +125°C 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. Typical derating = 6MA/MHz increase in IDDOP. 


3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH s 1.5V, and VOL < 1.5V. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


PARAMETERS 


Address Access Time 


Chip Enable Access Time 


SYMBOL CONDITIONS 


(2) TAVaV | VDD =4.5V and5.5V 
(3) TELWH | VDD =4.5V and 5.5V 
(4) TELQV | VOD =4.5V and 5.5V | 910,11 -55°C < Tas +125°C 


(NOTES 1,2,3) 
GROUP A 
SUBGROUPS | TEMPERATURE 


| 910,44 | 55°C <$ Ty < +125°C 
9,10,11 | -55°C s Ty, < +125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. . 


LIMITS 


(NOTES 1,2,3) 
GROUP.A 
SUBGROUPS 


Data Setup Time (16) TOVEH | VDD = 4.5V and 5.5V | 910,41 | -55°C $ Ty $ +125°C 
Data Hold Time | (17) TEHDX | VDD = 4.5V and 5.5V | 910,11 “55°C < Ty S +125° 


Write to End of Write (15) TWLEH | VDD = 4.5V and 5.5V 


NOTES: 
1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 SOpF; for CL > SOpF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


Input Capacitance CIN VDD = Open, f = 1MHz 
co = 12, 


LIMITS 
UNITS 


Output Capacitance | VDD = Open, f = 1MHz Ta = +25°C — 
Read/Write | (1) VDD = 4.5V and 5.5V - -B5°C s Ta S$ +125°C 
| TAVAX | 7 : 
Write Enable to OutputinHighZ} (18) =| VDD = 4.5V and 5.5V 1 -55°C s Ta S$ +125°C - 
--1. TWLQZ : | | — 
Write Enable Highto OutputON| (19) | VOD =4.5V and 5.5V a 55°C $Ty < +125°C 
TWHQX a a 


Output Enable High to Output (21) VDD = 4.5V and 5.5V 55°C < Ta S$ +125°C 
High Z , TEHQZ . 4 


Chip Enable to Output ON © (20) VDD = 4.5V and 5.5V -55°C < Ta Ss +125°C 
: TELQX 
VDD = 4.5V and 5.5V 


Chip Disable to Output Hold (22) -55°C < Ta S$ +125°C 
Time TEHOX 
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Specifications HS-65C262RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


. | LIMITS | 
7 (NOTE 1) 
PARAMETERS SYMBOL CONDITIONS NOTES TEMPERATURE | MIN | MAX | UNITS 
Address Invalid Output Hold (23) | VDD =4.5V and 5.5V 55°C < Ty S$ +125°C 
Time . - TAXQX : a 


[oysetine _———~—*dsCtava [vo aaverasev | 1 | soetasveee | ie | | 


High Level Output Voltage VOH2 | VDD=4.5V, 10 =-100nA as 55°C ST, < +125°C cre Ge ee 
| | 0.4 


NOTES: 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. . . 


2. Applies to DIP device types only. 
3. Applies to Flatpack device types only. 
4. All measurements referenced to device grounds. 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. _ 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMITS 
Output High Voltage + 400mV 


H 
Input Leakage Current + 100nA 7 
Low Impedance Output ~ 10ZL +1pA 
Leakage Current 
High Impedance Output +1pA 
Leakage Current 
Standby Supply Current IDDSB1 


TABLE 6. APPLICABLE SUBGROUPS ; 7 


[ema | _Senpessons | 125,7,04,06,0,1071 | 1287.04 00,8107 
ta WA 
[eeu (Optora | Serpssons | uri Sd 
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Specifications HS-65C262RRH (SEU Immune Option) 


Absolute Maximum Ratings 


SUDDIY VOUAGR nent cete Svs Sweet a ease eee woke +7.0V 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ................. “65°C to +150°C | 
Junction Temperature... . ce cee ce eee eee +175°C 
Lead Temperature (Soldering 10s)............ ie tients +300°C 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP 
ESD Classiication. «¢.<s3 vic sas 6 oie Pewee tad Cees Class 1 


Reliability Information 


Thermal Resistance Oia 8c 
Braze Seal DIP Package............. 78°C/Ws18°C/W 
Braze Seal FP Package.............. 91°C/W 11°C /W 

Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Package... .....ccccececccncccccens 0.64W 
Braze Seal FP Package.......... cece c ccc ee eee c eens 0.55W 

Gale: Gount suc cbs os eaten sea die iiea eee ee 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............ cece eee +4.5V to +5.5V 
Operating Temperature Range..............6- -55°C to +125°C 
Input Low Voltage... .... cc eee cece cee eee eee OV to +0.8V 
Input High Voltage ...... eee cee wee VDD -1.5V to VDD 


Data Retention Supply Voltage.......... ec eee 3.0V to 4.5V 
Input Rise and Fall Time... 0... cece cece een venves 40ns Max. 
SEU Immunity Operating Temperature Range ..... -20°C to +80°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested 


Low Level Output - 
Voltage — 


Input Leakage Current 


Operating Supply 
Current 


VDD = 5.5V, (Note 2), 
f= 1MHz, E = 0.8V, 
Vl = GND or VDD 


VDD = 3.0V, 10 = OmA, 


IDDOP 
IDDDR 


Data Retention Supply 
Current 


GND 


NOTE: 


(NOTE 1) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH1 VDD = 4.5V,|O=-5.0mA | 1,2,3 -55°C $Tas+125°C | 2.4 V 
Voltage . 
High Impedance Output llOZ VDD = 5.5V, E =5.5V, -55°C < Ta s +125°C 
Leakage Current VO = GND or VDD 
=a VDD =5.5V, VI=GND or VDD Les 


Standby Supply Current IDDSB1 | VOD =5.5V, |O = OmA, 
E = VDD-0.3V 


E = VDD-0.3V, VI = VDD or 


Enable Supply Current VDD = 5.5, 1O = OmA, 
E = 0.8V, Vi = GND or VDD 


| Functional Test VDD = 4.5V (Note 3) 7,8A,8B | -55°C < Tas +125°C 


-55°C s Ta S$ +125°C 


= 


-55°C < Ta S$ +125°C 


-55°C $ Ty S$ +125°C eT 
— a 


,3 
3 


1,2 
55°C < Ty S$ +125°C 
eae 55°C < Ty S$ +125°C 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. Typical derating = 6MA/MHz increase in IDDOP. 


3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH s 1.5V, and VOL s 1.5V. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


Chip Enable Access Time 


PARAMETERS SYMBOL CONDITIONS 


Address Access Time (2) TAVAaV | VDD =4.5Vand5.5V| 9,10,11 | -55°C <T,< +125°C po | 145 | 
Chip Enable to End of Write | (3) TELWH | VDD =4.5V and 5.5V | 910,11 | 55°C ST, $ +125°C 150 | 
(4) TELQV | VDD=4.5Vand5.5V| 9,10,11 | -55°C sT,s +125°C Lae 


(NOTES 1,2, 3) 
GROUP A 
SUBGROUPS 


LIMITS 


TEMPERATURE 
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Specifications HS-65C262RRH (SEU Immune Option) 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested. ; . 
CONDITIONS TEMPERATURE | 


: SUBGROUPS 
arama Weo=aaremas| aro _[SwOrES ae 
om 
(8) TAVEL | VDD =4.5V and 5.5V | 910,11 | -55°C < Ths +125°C_ 


(NOTES 1,2,3) LIMITS 


GROUP A 


PARAMETERS SYMBOL 


Address Hold Time (9) TEHAX | VDD = 4.5V and 5.5V 9, 10, 11 -55°C < Ty S$ +125°C 
Address Valid to End of Write | (10) TAVEH | VDD = 4.5V and 5.5V 9,10,11 | -55°CsTas +125°C 


Write Enable Pulse Width (11) TWLWH | VOD =4.5V and5.5V]_—9, 10, 11 -55°C $ Ty S$ +125°C 
Data Setup Time (12) TDVWH | VDD = 4.5V and 5.5V 9, 10, 11 -55°C s Tas +125°C | 140 
Data Hold Time (13) TWHDX | VDD = 4.5V and 5.5V | 910,11 | 55°C < Ty $ +125°C 


[VOD = 4.5V and 5.5 
(16) TOVEH |VDD=4.5Vand5.6V| 9, 10,11 55°C <T,s +125°C | 140 


NOTES: 
1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 50pF; for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


— . (NOTE 1) LIMITS 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN _ 

Input Capacitance CIN VCC = Open, f = 1MHz Ta = +25°C = 
Output Capacitance CO VDD = Open, f = 1MHz Ta = +25°C - le eed 
ReadWrite | (1) VDD = 4.5V and 5.5V 55°C s Ty S$ +125°C 

TAVAX 
Write Enable to Output in High Z (18) VDD = 4.5V and 5.5V -55°C < Ty S$ +125°C 

TWLQZ . 
Write Enable High to Output ON (19) VDD = 4.5V and 5.5V 7 -55°C < Ty $ +125°C 

TWHQX 


TBD 


5 1 
Chip Enable to Output ON (20) VDD = 4.5V and 5.5V 1 -55°C s Ta S$ +125°C 
TELQX | 
Output Enable High to Output (21) VDD = 4.5V and 5.5V 1 -55°C s Ta $ +125°C 
High Z | TEHQZ 
Chip Disable to Output Hold ~ ~ (22) VDD = 4.5V and 5.5V A? -55°C < Ty < +125°C 
Time | | TEHQX | 7 


+ 
ies) 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


LIMITS 
(NOTE 1) ; 
PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 

High Level Output Voltage (23) VDD = 4.5V and 5.5V 1 -55°C s Ta s +125°C 

TAXQX ; 
High Level Output Voltage VOH2 | VDD =4.5, 10 =-100nA 55°C < Ta S$ +125°C i ee 

0.4V 
Cycle Time TAVAX | VDD =4.5V and 5.5V -55°C < Ty S$ +125°C | 150 | - | ons | 
1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 

2. Applies to DIP device types only. | 


3. Applies to Flatpack device types only. 
4. All Measurements Referenced To Device Grounds 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER SYMBOL DELTA LIMITS 


HL 
IIH 


Input Leakage Current fie + 100nA 


Low Impedance Output Leakage Current lOZL 
High Impedance Output Leakage Current IOZH 
Standby Supply Current . IDDSB1 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD -Q SUBGROUPS 


NA 
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Specifications HS-65T262RRH (SEU Immune Option) 


Absolute Maximum Ratings As Reliability Information | 
Supply Voltage ............. a olga sale Se Raed aan ae ...+7.0V Thermal Resistance Bia De 
‘Input, Output or /O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 78°CIW ss. 13°C /W 
Storage Temperature Range ........... aces -65°C to +150°C Braze Seal FP Package.............. 91°C/W11°C/W 
Junction Temperature. ....... cece cece cece eee eees +175°C Maximum Package Power Dissipation at +125°C 
Lead Temperature (Soldering 10s)............eee evens +300°C ———- Braze Seal DIP Package.......... cc cece eee e ee eeeee 0.64W 
Typical Derating Factor............ 6mA/MHz Increase in IDDOP Braze Seal FP Package...... ree re ee ee 0.55W 
ESD Classification’: «ss4 sa.s.00siassvansoaneasads ‘cae Class 1 . Gate Count ssa. cccsaceeeccees ves en seues Peers 26256 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


- Operating Conditions | 
Operating Voltage Range............cccceeeee _+4.5V to+5.5V Data Retention Supply Voltage..... Peers ree, 3.0V to 4.5V 


Operating Temperature Range................ -55°C to +125°C ~— Input Rise and Fall Time... .. 1... ec eee cee cence ees 40ns Max. 
INDULLOW VONAGE so 6.0osiccee soreness owed Genes OV to +0.8V SEU Immunity Operating Temperature Range .... .-20°C to +80°C 
Input High Voltage ......... cee eee eee ee eee +2.3V to VDD 


; TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested 


: ] 
(NOTE 1) GROUP A ml 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 

High Level Output VOH1 | VDD =4.5V, 10 = -5.0mA 1,2,3 -55°C <$ Ty S$ +125°C Vv 
Voltage . 

Low Level Output VOL VDD = 4.5V,!10=8.0mMA _ -55°C $ Ta S +125°C 
Voltage . | 

High impedance Output VDD = 5.5V, E = 5.5V, 55°C < Ta S$ +125°C 

Leakage Current VO = GND or VDD 

Input Leakage Current VDD = 5.5V, VI = GND or -55°C s Ta S$ +125°C 

VDD 

-55°C s Ta S +125°C 


Standby Supply Current IDDSB1 {VDD =5.5V, lO = OmA, 
. E = VDD-0.3V | 


V 


=) 
> 


10. 


oO 


Operating Supply IDDOP 


VDD = 5.5V, (Note 2), 
Current 


f = 1MHz, E = 0.8V, 
VI = GND or VDD 


VDD = 3.0V, IO = OmA, 
E = VDD-0.3V, VI = VDD or 
GND 


VDD = 5.5, IO = OmA,. 


-55°C $ Ty S$ +125°C 


Data Retention Supply IDDDR 


Current 


-55°C $ Ty S$ +125°C 100 


-55°C < Ty $ +125°C 


Enable Supply Current 


E = 0.8V, Vi = GND or VDD 
Functional Test VDD = 4.5V (Note 3) 7, 8A, 8B 
NOTE: 


1. All. voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 
2. Typical derating = 6mA/MHz increase in IDDOP. 
3. Tested as follows: f = 3MHz, VIH = 4.5V, VIL = OV, IOH = -4.0mA, IOL = 4.0mA, VOH < 1.5V, and VOL < 1.5V. 


a 


Standby Supply Current | IDDSB2 | VDD = 5.5V, 10 = 0mA oe -55°C < Ty $ +125°C ee 
| E =2.3V | 


IRREEEEEE 


-55°C $ Ty S$ +125°C 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
Device Guaranteed and 100% Tested. 


(NOTES 1,2,3) LIMITS 
GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Address Access Time (2) TAVaV | VDD=4.5Vands.sV] 9,10,11 | -ss°C<Tas+t2s°c | - | 165 
Chip Enable to End of Write | (3) TELWH | VDD=4.5Vand5.5V} 9, 10,11 | -55°CsT,s+126°C | 175 | - | 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
Device Guaranteed and 100% Tested. 


(NOTES 1,2,3) LIMITS 
| GROUPA 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE amin | MAX. UNITS 


[Emp enaeAocew Tine | TELOY [VOD=asvanssav] 81atT1 [awostasreso| — | 15 
[aaesstoaTine | @)TWHAK [voD-asverassv] 910,11 [-set0sTsvi280 | 0 
[asress Soup Tine | (Taw [VvoD=asvanssav] ion |sscstsrase| 10 _ 
[cress Vado Endo | O)TAVWH [VOD=asVendsav] 0.1011 [arost.sxiase | 175 
@TAVEL 
| 


Address Hold Time (9) TEHAX | VDD=4.5Vand5.5V| 9, 10,11 | -55°C s Ty +125°C | of = | 
Address Valid to End of Write | (10) TAVEH | VDD = 4.5V and 5.5V | 910,11 | 55°C ST,S+125°C | 175 | - | 
Write Enable Pulse Width 11) TWLWH | VDD =4.5Vand5.5V| 9, 10,11 | -55°C sTas+t25°C | 175 | - | 


Data Hold Time (13) TWHDX | VDD = 4.5V and 5.5V | 910,11 55°C ST, 5 +125°C | 15 | 
Enable Pulse Width (14) TELEH | VOD =4.5Vand5.5V| 9,10,11 | -55°C < Ty < +125°C 
Write to End of Write (15) TWLEH | VOD=4.5Vand5.5V| 9, 10,11 | 55°C < Ty +125°C ] 165 


| 910,11 | -85°Cs Ths +125°C | 165 | 
Data Hold Time (17) TEHDX | VDD = 4.5V and 5.5V | 910,11 | 55°C < Ty $ +125°C as 
NOTES: 


1. All voltages referenced to device GND. Negative undershoots to a minimum of -0.3V are allowed with a maximum of 50ns pulse width. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to VDD-1.5; timing reference levels = 1.5V; output load = 1 TTL 
equivalent load and CL 2 50pF; for CL > 50pF, access times are derated 0.15ns/pF. 


3. For timing waveforms, see Low Voltage Data Retention and Read/Write Cycles. 


( 
Data Setup Time (12) TOVWH | VDD =4.5V and 5.5V 55°C ST, +125°C | 165 | 
i 


Data Setup Time (16) TDVEH | VDD = 4.5V and 5.5V 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


LIMITS 
(NOTE 1) 

PARAMETERS SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN U 
Input Capacitance VDD = Open, f = 1MHz Ta = +25°C fies 


Output Capacitance CO VDD = Open, f = 1MHz 
ae eee Ge 
TAVAX 


MEMORIES 


Write Enable High to Output ON (19) VDD = 4.5V and 5.5V -55°C $ Ty $ +125°C 
TWHQX 

Chip Enable to Output ON (20) VDD = 4.5V and 5.5V -55°C <$ Ta S$ +125°C 
TELQX 

Output Enable High to Output (21) VDD = 4.5V and 5.5V -55°C s Ta S$ +125°C 

High Z TEHQZ 

Chip Disable to Output Hold (22) VDD = 4.5V and 5.5V -55°C s Ta S$ +125°C 

Time TEHQX 

Address Invalid Output Hold (23) VDD = 4.5V and 5.5V -55°C s Ta S$ +125°C 

Time TAXQX 
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Specifications HS-65T262RRH (SEU Immune Option) 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC (Continued) 


VDD = 4.5, IO = -100HA 


High Level Output Voltage VOH2 has 55°C $ Ty $ +125°C mk ele! 
: | a : | - 1° 0.4: : 
Cycle Time | TAVAX poe [ons | 


VDD = 4.5V and 5.5V 55°C S Ty $ +125°C 
NOTES: “ . 


1. The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are | 
characterized upon initial design release and upon design changes which would affect these characteristics. we, 
2. Applies to DIP device types only. | | 7 
3. Applies to Flatpack device types only. 
4. All Measurements Referenced To Device Grounds 


TABLE 4. POST 200K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. | 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


Group E, Subgroup 2 ~ 
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Timing Waveforms 


READ CYCLES 
READ CYCLE 1: CONTROLLED BY E 


(20) 


E TELQX 

ne CHEE: 
TEHQZ 

Q 


NOTE: W is held high for entire cycle and D is ignored. Address is 
stable by the time E goes low and remains valid until E goes 


high. 
WRITE CYCLES 
WRITE CYCLE 1: CONTROLLED BY W (LATE WRITE 
(1) 
TAVAX 
A 
E 
ree 
W 
(13) 
TWHDX 
95525 15555555 OTY S erererererererececec erect tee O06 
D EERE aes 
(19) 
TWHQX 
OP IIIA AAI RRL SIN 


SSS SSS S555 50525) 
0 OF 


rata aataratateteeetetetaterene 


NOTE: In this mode, E rises after W. The address must remain 
stable whenever both E and W are low. 
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D 


SAPS Nal a? ad tad Se a a a? ad Nel el al Naf el FgC eV CC CC; 
SEK 
OPO OOO VPS 


READ CYCLE 2: CONTROLLED BY ADDRESS 


(1) 
TAVAX 
KK 
i as ZIN 
ia | 
ROS Ma 
\Y Ne y, SF, 
) (21) 
(20) TEHQZ 
TELQX (23) 
TAXQX 
CRSP 25 5052925259255 ~ SSS PHOS COCOONS 
saescaconeconsconcceconeenasetonseaneces iN  ocetanonsearonenesanees® 


NOTE: Wis high for the entire cycle and D is ignored. E stable prior 


to A becoming valid and after A becomes invalid. 


WRITE CYCLE 2: CONTROLLED BY E (EARLY WRITE) - 


(14) 
TELEH 


“” 
Lud 
cc 
oO 
= 
ud 
= 


17) 
TELQX ( 
os TEHDX 
SOO OOS 
OOK OOOO?) 
ERY 


18) —> 
LQZ 


NOTE: In this mode, W rises after E. if W falls before E by a time 


exceeding TWLQZ (Max) TELQX (Min), and rises after E by 
a time exceeding TEHQZ (Max) - TWHQZ (Min), then Q will 
remain in the high impedance state throughtout the cycle. 


HS-65C262RH, HS-65T262RH 


Burn-In Circuits 
HS-65C262RH 24 PIN FLATPACK 


DYNAMIC CONFIGURATION 


NOTES: 


All Resistors = 47kQ + 10% 

FO = 100kHz + 10% 

Fi =FO0/2 = F1/2; F3 = F2/2; F4 =F9/2...F16 = F15/2 
VDD = 6.0V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.8V 

C = 0.01pf (min) 


HS-65C262 20 PIN DIP 
VDD 
F3 1 20) 
F4 19) 
F5 3 18] 
F6 [4] 
F7 15) 6) 
Fs 6 | ig 
F9 14 
F2 8 | 13] 
F1 9 | 42 
10 44) 
DYNAMIC CONFIGURATION 
NOTES: 


All Resistors = 47kQ + 10% 

FO = 100kHz + 10% 

Fi = FO/2 = F1/2; F3 = F2/2; F4 = F3/2...F16 = F15/2 
VDD = 6.0V + 0.5V 

VIH = 4.5V + 10% 

VIL = -0.2V to +0.8V 

C =0.01 pf (min) 


JH : 


F16 
F15 
F14 
F13 
Fi2 
F11 
F10 
F2 

FO 


HS-65C262RH 24 PIN FLATPACK 
VDD 


STATIC CONFIGURATION 


NOTES: 


All Resistors = 47kQ + 10% 
VDD = 6.0V + 0.5V 
C1 = 0.01 pf (min) 


HS-65C262RH 20 PIN DIP 


VDD 


ik 
. 


| 


He 


TUE 


HE 


STATIC CONFIGURATION 


NOTES: 


All Resistors = 47kQ + 10% 
VDD = 6.0V + 0.5V 
Ci = 0.01pf (min) 
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HS-65C262RH, HS-65T262RH 


Irradiation Circuits 


HS-65C262RH AND HS-65T262RH 20 PIN DIP 
VDD = 5.5V 


ES 


TT 


| | hed jo} rs | 


NOTES: 


Pin 10 is tied to GND 
Output (Pin 8) floats 

All other pins tied to VDD 
VDD = 5.5V 


MEMORIES 
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HS-65C262RH, HS-65T262RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 

_ Electrical Tests (Harris’ Option) . 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) | 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004; Table 1 shall apply; Unless Otherwise Specified. 

2. These steps are optional, and should’be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-in Method 1015, Condition D, 160: Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


oh 


& GA NM 


. ‘-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 


. These steps are optional, and must be negotiated as part of order. 
. Group B and D data package contains Attributes Data plus Variables Data. 
. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 
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HS-65C262, HS-65T262RH 


Metallization Topology 


DIE DIMENSIONS: 
258 x 177 x 19+ Imils 


METALLIZATION: 
Type: Si - Al 
Thickness: 13kA fe 1.5kA 


GLASSIVATION: 
Type: SiOz 
Thickness: BkA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Braze Seal DIP - 460°C (Max) 
Braze Seal Flatpack - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.6 x 10° A/cm? 


SUBSTRATE POTENTIAL: VDD 


Metallization Mask Layout 
HS-65C262 AND HS-65T262RH 


- 
a 


—~= 
ae —] 


= 


Ww (9 
GND (10) | 


8-71 


MEMORIES 


Byars CMM6167 


High Reliability, Radiation Hardened CMOS 


December 1992 16,384 Word by 1 Bit Static RAM 
Features Pinout 
e Aerospace Class S Screening 24 LEAD CERAMIC FLATPACK 
e Radiation Hardened to 100K Rads (Si) PCERDAS fern ages nae 
¢ Cosmic Ray Upset Immunity Typically 2 x 10° Errors/Bit | 
Day 
A3 cf 1° ¢<— vpp 

e Latch Up Free Under Transient Radiation ABA) 2 J As 
° Transient Upset > 10'° RADS/s, 20ns Pulse Al 3 AS 
e Fast Access Time tAVQV = 95ns at T, = +25°C, (Typ.) 2 : ae 
Ad Single Power Supply 4.5V to 6.5V Nc Cc 6 _————} NC 
e Low Standby and Operating Power xc ———— 7 ——————1 Nc 
e All Inputs and Outputs TTL Compatible 6 8 eo 
Ad Fully Static Operation SS A13 
e Tri-State Outputs we ————— ———————1D_ 

i ed vss ——S {—I CE 
Description 


The CMM6167 is a high reliability 16,384 word by 1 bit static. 
random access memory using CMOS/SOS technology. It is 
designed for use in memory systems where low power and 
simplicity in use are desirable. 


CMOS/SOS technology permits operation in high radiation 
environments. It is insensitive to neutrons, cannot latch up at 
any dose rate and is resistant to single event upset caused 
by cosmic rays or heavy ions. 


The CMM6167 is available in a 24 lead flatpack ceramic peennee 
(K suffix). 


Functional Diagram 
AQ 


ho TRANSITION DETECTORS, 

A3 BUFFERS, AND ROW 128 X 128 SENSE AMPLIFIERS Q 

A4 DECODER ’ ARRAY AND OUTPUT BUFFER 

A5 WE OE (DATA OUT) 
A6 


HV 


; POWER 
CONVERTER 
WE ee DETECTORS, 
a ee BIT DECODER 
4 D 
/\ A7 A8& AQ A10 Ait A12 A13 vss VDD (DATA IN) 
& ae ‘Truth Table 


(Dae wove our 
fs ES 
a (ce 
Ct [-# [reas [atau] 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures, File Number 1 831 1 
Copyright © Harris Corporation 1992 8-72 
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Specifications CMM6167 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage (VDD) Maximum Package Power Dissipation 

All voltage values referenced to VSS terminal ..... -0.5V to +7.0V For Ta ==55°C to 4100°C vcs cin sce ee ste ein cae seeders 500mWw 
Input Voltage Range, All Inputs .............. -0.5 to VDD +0.5V For Ty = +100°C to +125°C........ Derate Linearly at 12mW/°C 
Input Current, Any One Input.......... 2. cece eee cece eee +10mA to 200mW 
DC Drain Current, Output (I/O) = -0.5V < VO < VDD +0.5V..... +25mA __— Power Dissipation per Output Transistor 
Storage Temperature Range (TSTG)........... -65°C to +150°C For T, = Full Package Temperature Range............ 100mW 
Lead Temperature (Soldering 10s)..............000055 +265°C Operating Temperature Range (TA) ............ -55°C to +125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range (VDD) ............... +4.5V to+6.5V = Input High Voltage (VIH).... 1... ce cece cee eee 3.5V to VDD 
Operating Temperature Range..............6-- -55°C to +95°C Data Retention Supply Voltage..... 2... ee eee eee ee eee 2.5V 
INDUT LOW Voltage soe. 6s. eccd cae ee oo sees eos eaves o eats OV to +1.5V =‘ Input Rise and Fall Time... .. 2 eee eee ee ee ee 40ns Max. 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL CONDITIONS 


ee a i CT 
[open Dovco Curent aie) | 1001 [OweTime= us| _-_| 48 
fvour=oa ——*dt—s 
fvour=voo-ow ‘| 3 
a 


oe ee 
[inewionvonwse sf wmf SSCSC~dC 
8 


Input Leakage Current VIN = OV or VDD 
Tri-State Output Leakage Current Applied Voltage = OV or VDD 
Minimum Data Retention Voltage 


Data Retention Quiescent Current IDDDR Le ee ee 


NOTES: 
1. Operating current measured using 1MHz cycle with output open. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% 
LIMITS 


-55°C, +25°C 


PARAMETER 
READ CYCLE TIMES 
Read Cycle 


tAVAV 
tAVQV 


Access from Address 


Access fromCE 
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MEMORIES 


Specifications CMM6167 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% (Continued) 


Po MIMS 
| PARAMETER SYMBOL aon 
[omwawie—SSCSC~dC 
| 


Data Set Up to End of Write | ~ tDVWH 
Data Hold After End of Write tWHDX . 


NOTE: 
1. CE and WE must overlap for at least tWLWH minimum value, tOVWH minimum value must occur during this overlap. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Note 1) 


= 
PARAMETER SYMBOL aaa aEtarieton UNITS 


Output Voltage Low Level ee 
Output — High Level 


ec 

a 

ete Eni wove | uf 

[cap EnabiotwOvpuoimbe————SS—*dtC ene | dC 
eae 
3 


~< 


Output Hold After Address Change tAXQ 
Address Set Up Before Write Low tAVW 


NOTE: . 
1. Capacitance measurements are made with r no bias applied. 


rr 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


UNITS 


| mA 
mA 
Le 


[operating Doce Curent Newz] | 001 
fouasindcuren YL 
[oua(Souce) Curent «OH 
[nputtowvorage 
ve 
iw 
[oer 


a 
[wn=overvoo,voo-voo | —-_ 
feietine=tis | 
jvout=ow Sid 
jvour=voo-ow «dT 
a 
can 
paca 


100 
roa Gp nmap ral] et — [nes — 
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Specifications CMM6167 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER 


Chip Enable Access Time 


a 
a 
Write Pulse Width (Note 1) | weWwH fo 
Write Recovery Time p twax 
Address Set Up to End of Write PF wAWH fe 
Sea 
ee 
Pay 
aay: 


Write Cycle Time 


Address to Chip Enable Set Up Time 
CE to End of Write 
Data Set Up to End of Write 
Data Hold After End of Write 
NOTES: 


1. CE and WE must overlap for at least tWLWH minimum value, tDVWH minimum value must occur during this overlap. 
2. Operating current measured using 1MHz cycle with output open.. 


TABLE 5. BURN-IN DELTA. PARAMETERS (+25°C) 


Quiescent Device Current | DHA 
Output Low Drive Current (Sink) 
Output High Drive Current (Source) 
Tri-State Output Leakage Current 
Tri-State Output Leakage Current 


TABLE 6. APPLICABLE SUBGROUPS 


-IRZ SUBGROUPS 3 SUBGROUPS 


0 


CONFORMANCE 


GROUPS METHOD 


Initial Test 1 


Interim Test 


Ee a 
N/A 


Final Test 


-_ 
oO 


Group A 


Group B 
(Optional) 


Others 
Group C (Optional) 


Samples/5005 1,7: 


Group D (Optional) 


Samples/5005 


Group E, Subgroup 2 
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LIMITS 
SYMBOL CONDITIONS 


MEMORIES 


CMM6167 


Timing Waveforms 


READ CYCLE ; | - WRITE CYCLE NO 1 (WE CONTROLLED) — 
tAVAV 
tAVQV , = . i 
T/C: 1D //////meath ———— ae 
«WD | as a Kaa TEIN WLLL: 
tAVWH 
tELQV ~“=- tEHQZ ~< 
| <tELOX aes he tA Ne LH sits 
, WE SNS : 
Q : GACTVEGK VALID) 3 tWHDX 
| , tDOVWH 
NOTE: WE is high during the Read Cycle sf 7 eed 


Timing measurement reference level is VDD/2 


WRITE CYCLE NO. 2 (CE CONTROLLED) 


tAVWH 
~““tWHAY- 


7 WOO CLG 


D | DATA VALID 


Typical Performance Curves 
QUIESCENT DEVICE CURRENT vs AMBIENT TEMPERATURE QUIESCENT DEVICE CURRENT vs DC SUPPLY VOLTAGE 


D0 leaned 


QUIESCENT DEVICE CURRENT (A) 
QUIESCENT DEVICE CURRENT (mA) 


55 -35 -15 5 25 45 65 85 105 125 225 3 35 4 45 £5 
TEMPERATURE (°C) DC SUPPLY VOLTAGE ( 


oO 


5 6 66 7 
) 


<s 
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CMM6167 


Typical Performance Curves (continued) 


OUTPUT (SOURCE) CURRENT vs HIGH OUTPUT VOLTAGE LEVEL 


OUTPUT (SINK) CURRENT vs LOW LEVEL OUTPUT VOLTAGE 


oe 
i=] 
= 


SUPPLY VOLTAGE: 4.5V 


tor] 


BEREREAND 


os n°  ? i a Ye > i aed 


(yw) LNSYYUND (MNIS) LNdLNO 


HIGH LEVEL OUTPUT VOLTAGE (V) 


LOW LEVEL OUTPUT VOLTAGE (V) 


DC SUPPLY VOLTAGE vs INPUT HIGH VOLTAGE 


DC SUPPLY VOLTAGE vs INPUT LOW VOLTAGE 


+125°C 


ri 


(A) SDVLIOA AlddNS 


INPUT HIGH VOLTAGE (V) 


INPUT LOW VOLTAGE (V) 


jo SAalHOWSIN | 


OPERATING DEVICE CURRENT vd DC SUPPLY VOLTAGE 


OPERATING DEVICE CURRENT vs AMBIENT TEMPERATURE 


+125°C 
FREQUENCY = 1MHz 


TA= 


N 
<= 
= 
= 


> 
att 
Ve) 

i 
Ww 
¢ 
3 
{e) 
> 
= 
a. 
oa. 
po] 
7?) 


La) © te wv o N bad 


(yw) INSYYND SOAR ONLVHadO 


FREQUENCY 
cd 
5 -1 


105 125 


SUPPLY VOLTAGE (V) 


TEMPERATURE (°C) 
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_ CMM6167 


Typical Performance Curves (Continued) 


OPERATING DEVICE CURRENT: vs OPERATING FREQUENCY CHIP ENABLE ACCESS TIME vs AMBIENT TEMPERATURE 
ee -s 


SUPPLY VOLTAGE: 4.5V 


4g + Ta=+125°C ts 
OUTPUT CAPACITANCE = 50pF 


SUPPLY VOLTAGE: = 5.5V. - 


OPERATING DEVICE CURRENT (mA) 
r=) 
CHIP ENABLE ACCESS TIME (ns) 


ag 
6 
4 
2 
0 
OPERATING FREQUENCY (MHz) TEMPERATURE (°C) 
'- DC SUPPLY vs CHIP ENABLE ACCESS TIME CHIP ENABLE ACCESS TIME vs OUTPUT LOAD CAPACITANCE 
8 
7.5 =. 
“a 
& 
7 = 
S = 
= = 
us 6.5 Q 
= 6 3) 
5 G 
Sie 7 
a ° z 
4.5 = 
= 
| ro) 
4 
3.5 | 
CHIP ENABLE ACCESS TIME (ns) OUTPUT LOAD CAPACITANCE (pF) 


CHIP ENABLE ACCESS TIME s TOTAL RADIATION DOSE DC SUPPLY VOLTAGE vs CHIP ENABLE ACCESS TIME 7 
160 8 — = 
Ta= +25°C 


_ 7.5 a 
SUPPLY VOLTAGE: = 4:75V ni 
OUTPUT CAPACITANCE = 110pF | 7 oa 


-_ 
oa 
a) 


140 
130 


120 


CHIP ENABLE ACCESS TIME (ns) 
SUPPLY VOLTAGE (V) 
ol 
oO 


OUTPUT CAPACITANCE = 110pF 
3.5 TOTAL RADIATION DOSE = S500KRADS 


0 100 200 300 400 500 600 700 800 
TOTAL RADIATION DOSE (kRADS) CHIP ENABLE ACCESS TIME (ns) 
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Typical Performance Curves (continued) 


CMM6167 


AVERAGE QUIESCENT DEVICE CURRENT vs TOTAL 


RADIATION DOSE 


ea 
o 


Ta = +25°C 
SUPPLY VOLTAGE: 


non 8 & 41 Oo NN FB © 


AVERAGE QUIESCENT DEVICE CURRENT (mA) 


ial 
es 
ae ae 
re 
ee 
ia 
Gate 
ae 


Oo 


0 100 200 300 400 500 600 700 800 900 


TOTAL RADIATION DOSE (kRADS) 


Burn-In Circuits 


VDD 
ns Mf zl, 
A4 2 23} 
ees aA 
as WAL Ns 
AS Gi 20} 

Var R 
A R 
AO N\ 8 A 
A2 NWA 9. A 
VDD/2 M\ Ay 
of 
ia} 
DYNAMIC CONFIGURATION 
NOTES: 
VDD = 6V (Min) 


Resistors = 4:7kQ +5% 


Frequency: AO = 100kHZ + 5%; Ai = A0/2...A13 = A12/2; 


A8 
A9 
Al1 
A10 


A7 

A12 
A13 
A14 


A15 


01 = 200kHz + 5%, 0.61s low, 4.4ys high 


MINIMUM DC SUPPLY VOLTAGE vs TOTAL RADIATION DOSE — 


i oe De 
zee 
|| [pe 
P2488 
esd 
Ease 
see 
Eee 


Ta= = +25°C 


2 
wu 


aes 
NER 


for) 


AVERAGE QUIESCENT DEVICE CURRENT (mA) 
> uw 


@ 


1000 0 100 200 300 400 500 600 700 800 900 1000 
TOTAL RADIATION DOSE (kRADS) 


VDD 
me 
mae! 
3 
a. STATIC 2 
STATIC 1 ae » STATIC 1 Y 
STATIC 2 5 r 
. $ 
Ww 
rg | = 
ea 
M4) 
STATIC CONFIGURATION 
NOTES: 
VDD = 6V (Min) 
Resistors = 4.7kQ +5% 
Notes: 


Static Burn-In 1 memory array pre-initialized with all HIGHS at VDD, VIN = VDD 
Static Burn-in 2 memory array pre-initialized with all LOWS at VSS, VIN = VSS 
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CMM6167 


Irradiation Circuit 


_ VIN = 5VOR VIN = 0V 
VDD = 5V 
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CMM6167 


Harris - IRZ Product Flow 
Wafer Lot Acceptance Method 5007 (Includes SEM) 


Radiation Verification (Each Wafer) Method 1019, 100K 


RADS(Si) Total Dose 2 Samples/Wafer, 0 Reject 


Nondestructive Bond Pull Method 2023 | 
Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs 
Min., +150°C Min 


Temperature Cycling (100%) Method 1010, Condition C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1 (30,000g) 


Particle Impact Noise Detection Method 2020, Condition A, 
20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 
Static Burn-In | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) 

Static Burn-In 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-In (100%) 240 Hrs, +125°C 


Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 
Functional 


Fine and Gross Seal (100%) Method 1014 
Final Electrical Tests (100%) 

Radiographic (100%) Method 2012 (1 View). 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GSI (Optional) 


1. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 5% All Tests, 3% Functional) 


Visual Inspection 


Visual Inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6 - Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


3.2.3 - Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 


are acceptable 


3.2.3c - A crack that exceeds 5 mils in length must also 
point towards or cross a scribe grid line 


3.1.7b - Lifting or Peeling of Glassivation, ‘add Note of 
3.2.7b to 3.1.7b 


MEMORIES 


_ 1. High magnification inspection is performed at 200X to 300X and applies to the high current areas of the chip. The remainder of the chip 
is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 
(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. 


3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and Passivation Faults are applied to the center and two opposite corners of 
the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shall consist only of the area 
exposed to the immediate field of view. 


4. SOS Technology Devices 
- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing adjacent 
contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 
- Passivation faults are not applicable when a second free flow oxide is used prior to metallization 
- Oxide gate bridge inspection is not applicable 
- Semicircular cracks not in an active area which start and end at the pellet edge are acceptable 
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CMM6167 


Harris - 3Z Product Flow 


Radiation Verification (Each Wafer) Method 1019, penny Total Dose 2 ssh sepia 0 hiatal me Product Ele 


continues below) 


Harris - 3 Product Flow (Without Radiation Verifications) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified me one 


Pre-Seal Bake (100%) . 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 


Temperature Cycling (100%) Method 1010, Condition C 


Constant Acceleration (100%) Method’ 2001, Condition E, 
Y1, Direction, Centrifuge 


Seal: 
Fine (100%) Method 1014, Condition AorB 
Gross (100%) Method 1014, Condition C ° 


Initial Electrical Tests S100) Per ee Device Speci 
cation, +25°C 


High Temperature Stress (100%) 48 Hrs, +125°C 


Interim Electrical Tests 1 (100%) Per Applicable Device eee: 
ifications, +25°C PDA 10%, All Tests : 


Static Burn-In (100%) 160 Hrs, +125°C. 
Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional | 
Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C 
External Visual (100%) Method 2009 
Quality Conformance . _ 

Group A (All Tests) Method 5005 (Class B) © 

Group B (Optional) Method 5005 (Class B) 

Group C (Optional) Method 5005 (Class B) . 

Group D (Optional) Method 5005 (Class B) 


Internal Visual Inspection Modified for LSI 


Internal Visual Inspection is performed to MIL-STD-883, 
Method 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 
Scratches and 3.2.1.2a Metallization Voids shall also apply 
to metallization over a passivation step (3.2:1.1d, 3.2.1.2b). 

_ Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1.7) Diffusion and Passivation 
Layer(s) Faults (3.2.0) 


High magnification inspection i is performed at 200X to 


300X, applied to the center and two opposite corners of. 


the chip, consisting only of the area exposed to the 
~ immediate field of view 


D. Scribing and Die Defects (3.2.3) in addition: 


A crack that exceeds 5 mils in length must also point 
towards or cross a scribe grid line to be unacceptable — 


Semicircular cracks that point away from the active circuit 
area are acceptable 


E. SOS Technology Devices: 


- Diffusion faults are not applicable. SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from a row in a 
contact chain. 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization : 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which Start and 
end at the Poe edge are acceptable 
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Features 
Total Dose 1 x 10° RAD (Si) 

- Data Upset > 10° RAD (Si)/s 
Latch-Up Free To > 1 x 10'* RAD (Si)/s 
Low Power Standby 1100. W Max 
Low Power Operation 38.5mW/MHz Max 
Fast Access Time 150ns Typ 
Extremely Low Speed Power Product 
Single Event Upset Immune Option 
TTL Compatible Output 
Three-State Outputs 
Standard JEDEC Pinout 
18 Pin Package for High Density 
On-Chip Address Register 
Military Temperature Range -55°C to +125°C 


Description 
The HS-6504RH is a synchronous 4096 x 1 static CMOS RAM fabricated using 
the radiation hardened guard band, self-aligned silicon gate technology. The 
device utilizes synchronous circuitry to achieve high performance and low 
power operation. 


Latch-up free operation is achieved by the use of epitaxial starting material to. 


eliminate the parasitic SCR effect seen in conventional bulk CMOS devices. 
On-chip latches are provided for addresses, data input and data output 
allowing efficient interfacing with microprocessor systems. The data output can 
be forced to a high impedance state for use in expanded memory arrays. 


The HS-6504RH is a fully static RAM and may be maintained in any state for 
an indefinite period of time. A single event upset immune version of the 
HS6504RRH is also offered. See page 11-5. 


JAN 

On January 28, 1987, Harris received JAN line certification as a Rad-Hard 
Class S fabrication facility for the HS-6504RH. Specifications can be found in 
JAN 38510/245 under device type 03. 


Functional Diagram 
ao - All lines Active High - Positive Logic 

7 | LATCHED }-4 GATED : -CH ae 
Age ADDRESS 76 ROW ia x Las Three-State Buffers: C High + Output Active 
AQ0—4 REGISTER DECODER Latches: C Low >Q=0 
A30 La Q Latches on Rising Edge of C 


LATCHED 


Ob co OO Oo CGC 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Co tion 1992 
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HS-6504RH 


Radiation Hardened 
4096 x 1 CMOS RAM 


Pinouts 


HS1-6504RH 18 PIN CERAMIC DIP 
CASE OUTLINE D-6, CONFIGURATION 3 
TOP VIEW 


HS4-6504RH 18 PIN LCC 
INTERNAL PACKAGE CODE “HPQ” 
TOP VIEW 


A7 
A8 


A9 
A10 
Alt 


Iz ow a 
© : : 
HS9-6504RH 18 LEAD FLATPACK 
INTERNAL PACKAGE CODE “HRF” 
TOP VIEW 


MEMORIES 


AOL 2c 10 22] VoD 
Ai ——22—J 2 17 [—27— A6 
A2C—2e— 3 16 [221 A7 
A3 0-20 4 15 E27 As 
A425 14 [221 Ag 
A5 (—27——] 6 13 (221 A10 
are 7 12 F211 
wre 8 11 tI 

GND C—22——j 9 10 IE 


Cen _| BESCRIPTION 
=| cap enacie | 
5 | bata not 
[a [bata Oui 


File Number 3028 


_ Specifications HS-6504RH 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage -(VDD-GND) ...............ee00- -0.3to+7.0V Thermal Resistance Bia Bic 
Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C/(W10°C/W 
Storage Temperature Range ................. -65°C to +150°C 18 Pin LCC Package..............6. 60°C/(W ss S°C/W 
Junction Temperature... 0... ccc cc eee cece tee c ces +175°C 18 Lead Flatpack Package ........... 62°C/W ss 10°C/W 
Lead Temperature (Soldering 10s). ..........e.seee0e- +800°C Maximum Package Power Dissipation at +125°C 
Typical Derating Factor........... 3.0MA/MHz Increase in IDDOP 18 Pin Ceramic DIP Package ............cceececcees 0.68W 
ESD ClassSilication ¢ iivsesn G5 hi0 pee yaw Sus eeia aie Class 1 18:Pin LCC Package a .s5:8 sit de CK eee ESOS RS 0.83W 
18 Lead Flatpack Package ........... cc cece eee e eens 0.80W 
Gale Count ecu 4.40. eaeanes ose ees eee eater nes 6667 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range............... +4.5V to +5.5V 


Input Rise and Fall Time... ....... cece cece eee wees 40ns Max 
Operating Temperature Range................ -55°C to +125°C 3 


IDDSB 
IDDOP 


ee 
ae 
All Except E and R/W 


Output Low Voltage VOL 
Output High Voltage 


NOTE: ‘ 
1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


VDDDR. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS | 
PARAMETER SYMBOL _ CONDITIONS | MIN, | 


[otiperanotine «df TELE Now) 
[tip sabe Tine ‘| Tene. [nows 
[AdciossSeuptine | Tavel_—[ Newt 
[Net 
[Noes 


Address Hold Time TELAX 
Write Enable Pulse Width 


TWLWH 


Early Write Pulse Setup Time | TWLEL 


L_ MAX 
| 200 | 
aed 
a 
ss 
ee 
a 
ee 
ee 
Le 
fest 
TOL aa 


ii oa 
| 200 | 
peed 
ee 
aes 
| 200 | 
Lae 
Lon 
ee 
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Specifications HS-6504RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) . 


LIMITS 
PARAMETER SYMBOL CONDITIONS ; 


[win [wax 
a 
[DatarowTine «dt ~TWOK [nowt —SSCSC~C~—~—‘i S| 
oe eae 
ee 


Data Valid to Write Time TQVWL 


NOTE: 
1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


PARAMETER SYMBOL CONDITIONS 


Tn [wax 
Trparcapastance ‘|__| Wevooweno ‘|_| 80 
[ouputcapastancs +60 | vo-vooeranoiawme |__| 100 
[chip ErebrOuputenabietine | Tex [wows dT 
ae 
a ae 
200 [= 


Chip Enable/Output Disable Time - TEHQZ 
Read Mode Write Enable Setup Time TWHEL HNotet sd 


NOTE: 
1. Inputs TRISE = TFALL < 20nsec: Outputs : 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[inpatteatageuren fw | SOA 


TABLE 6. APPLICABLE SUBGROUPS 


NA 
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Specifications HS-6504RRH (S.E.U. Immune Option) 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage -(VDD-GND) .............eceeeee -0.3 to +7.0V Thermal Resistance «Oy Bic 

Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C/W = 10°C/W 

Storage Temperature Range ..............0- -65°C to +150°C 18 Pin LCC Package................  6O0°C/W 9°C/W 

Junction Temperature... 2. ccc eee cece nes +175°C 18 Lead Flatpack Package ....... sees B2°C/IW 10°C/W 

Lead Temperature (Soldering 10s)............ ale ate are +300°C Maximum Package Power Dissipation at +125°C 

Typical.Derating Factor........... 3.0mA/MHz Increase in IDDOP 18 Pin Ceramic DIP Package ........... eee eee eees 0.68W 

ESD Classification............ eee wa aetna een ws Class1  ~° 18 Pin LCC Package........ ictikre RiNsbuse Wrbray ea sweet ,0.83W 

18 Lead Flatpack Package ............ sun es Mewees 0.80W 

Gale. Couthsisciis dsr ences pected quences Sateas 6667 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range............. .. +4.5V to +5.5V = Input Rise and Fall Time... 1... we cee eee eee 40ns Max 
Operating Temperature Range...............-. -20°C to +80°C 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


Standby Supply Current IDDSB IO = 0, VI= GND or VDD poe 
Operating Supply Current (Note 1) | IDDOP f = 1MHz, IO = VI = VDD or GND ae 


Data Retention Supply Current IDDDR ies enn 
Data Retention Supply Voltage VDDDR rns 
Input Leakage Current 


GND < VO s VDD 


| Output Leakage Current 
Input Low Voltage 


a 
ea ee ee Oe 
ee 
os 
All Except E and R/W 


IOL = 2.0mA 
Output High Voltage IOH = -1.0mA 
NOTE: 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


ee Ce 
tei Bek 
6d 
a 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL — _ CONDITIONS 


[emp enabecessTine | aay [weer Sd 
[nates AcessTine +f twvOV [nowt SSCdC 
[onpenaberine ——~«t teen [noes «dC 
[enposabetine +t tenet [newer SSSCSCSC~C~iSC 
[nates Soup Tine if _tavet_[nwer 
= 
00 
2 
= 


=o | 
<4 

rwuwh [Newt 
— 

«| 

a 


Early Write Pulse Setup Time TWLEL 
Data Setup Time 


Write Enable Setup Time TWLEH 
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Specifications HS-6504RRH (S.E.U. Immune Option) 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


PARAMETER SYMBOL CONDITIONS 


CT wax 

[EarywiteDataSeuptine [rover [Woot | | | 
re a 
ee 


Data Valid to Write Time TQVWL pNotet 


NOTE: 
1. Inputs TRISE = TFALL s 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


' TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


_ PARAMETER SYMBOL CONDITIONS 


Input Capacitance VI = VDD or GND 


[ReadodeWite nati SaupTino | TwHEL [Newt 
[FeaserwitecyeeTine | Tete [news 


NOTE: . 
1. Inputs TRISE = TFALL s 20nsec: Outputs : 4TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


Fiputteaagecuren | u | 026A 


TABLE 6. APPLICABLE SUBGROUPS 


a 
(aa ie a CA 
— 


Group C (Optional) Samples/5005 1,7 
Group E, Subgroup 2 Samples/5005 . 
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HS-6504RH 


Timing Waveforms. 
READ CYCLE = 
oe TELAX 


| ie 
A 


| 


TELQX 


TELEH TEHEL 


too 


TEHQZ 


HIGH-Z BOPP Po Coeoe : G oa 
: EERO __vauip para output — 


W HIGH 


TIME . . 2 . . 
REFERENCE 


| 0 1 


The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up and 


hold time requirements must be met. After the required hold | 


time, the addresses may change state without affecting 
device operation. During time (T = 1) the output becomes 


_ NOTE: .In the above descriptions the numbers in parenthesis (T = n) 
‘ time reference line below each diagram. The timing diagrams 


TRUTH TABLE 


2 3. 4. 5. 


-enabled but the data is not valid until during time (T = 2). W 
must remain high for the read cycle. After the output data 

has been read, E may return high (T = 3). This will disable 
the output buffer and all input and ready the RAM for the 
next memory cycle (T = 4). 


refer to the respective timing diagrams. The numbers are located on the 
shown are only examples and are not the only valid method of operation. 
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HS-6504RH 


Timing Waveforms (Continued) 


EARLY WRITE CYCLE 
TELAX 
TAVEL TAVEL 
OO OOOO q COO OOOO 
Be KERIO ADD VALID ESS RO III IC HII IIH III C NEXT ADD 
0..0,©,0,0,0,0,0, 49,909 iy py GE Le Dy 00,999.90. 0 90a MPa O a Vn Vaan Va PnP VaV PaO nV PVs V aa P Pn Ma 
TEHEL 


| 


TWLEL TWLEL 
« GEN | QW; wx» 

TDVEL TDVEL 
DPO SED eee eee NEXT DATA 

HIGH-Z HIGH-Z 
Q 
+. "7" a R'E SG 
REFERENCE 

-1 0 1 23 4 
TRUTH TABLE 


The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of E 
(T = 0), the addresses, the write signal, and the data input 
are latched in on chip registers. The logic value of W at the 
time E falls determines the state of the output buffer for that 
cycle. Since W is low when E falls, the output buffer is 
latched into the high impedance state and will remain in that 


state until E returns high (T = 2). For this cycle, the data 
input is latched by E going low; therefore data set up and 
hold times should be referenced to E. When E (T = 2) 
returns to the high state the output buffer and all inputs are 
disabled and all signals are unlatched. The device is now 
ready for the next cycle. 


NOTE: Inthe above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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HS-6504RH 


Burn-In Circuits 


ge 
yo | 
b : 
> 

a 


FO i] 18}— 
FY 2] 17} F6 
F2 3 16 F7 
F3 4 | 15 Fs 
F4 5, 14}— F10 
F5 Gg 3}—v Fi 
F9 7 | 12) F12 
CLK 2 re 11) F13 
[9 o}— CLK 1 
T 


FO -F13 


Ke >20ns 


OK ESS sk 
CLK2 K=_X2_ —>f 


STATIC CONFIGURATION ~. - DYNAMIC CONFIGURATION 
NOTES: : ro : a NOTES: . 
VDD = 6.0V + 0.5V VDD = 6.0V +.0.5V 
R1=1K _ | . __ All Resistors = 27KQ 
R2 = 1.5k : | | Minimum Ambient Temperature = +125°C 
Minimum Ambient Temperature =+125°C : VDD must be applied before or at the same time as input signals 
1% x > 700ns, T = 5p1s | 
FO = 100kHz 
F1 = FO/2 
F2 = F0/4 


F3 = FO/8...F13 = F0/8192 


Irradiation Circuit — 


NOTES: 

VDD = 5V 

GND = OV 

All Inputs = 5V 

All outputs float 
MONITOR: IDD at 5V 
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HS-6504RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-in Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: 
| 


2 
3. 
4 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

. These steps are optional, and should be listed on the individual purchase order(s), when required. 

Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 

. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 


for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 


Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 . 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: . 
1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection oe 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 


Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8’ Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (includes Group A) 

Radiation Testing Certificate of Conformance 


Certificate of Conformance (as found on shipper) 
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Metallization Topology 


DIE DIMENSIONS: 
Die Size: 154 x 236 mils 
Die Thickness: 14 +1 mils 


METALLIZATIO 
Type: Al, 14 
Back: Gold | 


GLASSIVATION: 
Type: SiO, 
Thickness: BkA + 1kA 


+2kA 


Metallization Mask Layout 


qa 


Nia 


—— e 


HS-6504RH/RRH 


DIE ATTACH: 
Material: Gold 
Temperature: Sidebrazed Ceramic DIP - 480°CH 0°C (Max) 
Braze Seal Flatpack - 460°C + 10°C (Max) 


WORST CASE CURRENT DENSITY: 6.44 x 10* A/cm? 
SUBSTRATE POTENTIAL: VDD 


HS-6504RH 


SSA Tssit, att 
ui. ‘A, wA ili 
| Sai = ec =I =WiE 


renner 

oy ee . 
eh mT! 
wes ‘T i 


maf aha 
whith Pi wai, 
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Features 
e Radiation Hardened to 100KRAD(SI) 


e Cosmic Ray Upset Immunity Typically 2 x 10° Errors/ 


Bit Day 
e Latch Up Free Under Transient Radiation 
Transient Upset > 10'° RADS/s, 20ns Pulse 
e Fully Static Operation 
e Single Power Supply 4.5V to 6.5V 
All Inputs and Outputs TTL Compatible 
Tri-State Outputs 
Industry Standard 18 Pin Configuration 
e Fast Access Time tAVQV = 200ns 
e Low Standby and Operating Power 


Description 


The CMM5104 is a high reliability 4096 word by 1 bit static 
random access memory using CMOS/SOS technology. It is 
designed for use in memory systems where low power and 
simplicity in use are desirable. 


CMOS/SOS technology permits operation in high radiation 
environments. It is insensitive to neutrons, cannot latch up at 
any dose rate and is resistant to single event upset caused 
by cosmic rays or heavy ions. 


TTL compatibility on all input and output terminals permits 
easy system integration. The data out signal has the same 
polarity as the input data. A separate data input and a sepa- 
rate tri-state output are used. 


The CMM5104 is supplied in 18 lead dual-in-line sidebrazed 
ceramic package (D suffix). The part is also available in a 24 
lead flatpack ceramic package (K suffix). 


CMM5104 


Radiation Hardened, High Reliability, 


CMOS/SOS 4096 Word by 1 Bit LSI Static RAM 


Pinout 
18 PIN CERAMIC DIP 
~ CASE OUTLINE D6, CONFIGURATION 3 
TOP VIEW 
18] VOD 
A6 
16] A7 
15] AS 
14] AQ 
13] A10 
12] A114 
11} DIN 
CE 
24 PIN FLATPACK 
INTERNAL PACKAGE CODE “HSL” 
TOP VIEW 
A0 LZ} 2 ———"}_ AS 
A == 3 _———__________] A7 
[Cy | = Ae 
Bo) 5 ————1 NC 
eC SS 6 _ | NC 
aA =" 7 —————__ } AQ an 
AS —_—— 8 ee ATO. ui 
pouT === _——————____.__] Ati oc 
7, ES ———_._} DIN O 
VL _—————7j NC = 
vss ——f— —(o— CE = 


Functional Diagram 
Att 
A10 
Bee iba heart ag it 64X64 SENSE AMPLIFIERS DATA 
As SERSOER MEMORY MATRIX AND OUTPUT BUFFER OUT 
A7 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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TRANSITION DETECTORS 


: 
DECODER . 


BUFFERS, AND COLUMN 


DATA IN 


Truth Table 


Cee [we [wove | ourur_ 
TH [x [Rerseecied [ranz 
wt 
Dt [A ead 


FileNumber 3406 


_ Specifications CMM5104 


Absolute Maximum Ratings Reliability Information 
Supply Voltage (VDD), Maximum Package Power Dissipation — 

All voltage values referenced to VSS terminal ..... -0.5V to +7.0V For Ty = -55°C to +100°C 2... ccc eee e weer nee 100mW 
Input Voltage Range, All Inputs .............. -0.5 to VDD +0.5V For T, = +100°C to +125°C........ Derate Linearly at 12mW/°C 
Input Current, Any One Input................6. (Bia ie ere +10mA | to 200mW 
Storage Temperature Range ......... Sdietele .. 65°C to +150°C — Power Dissipation per Output Transistor 
Lead Temperature (Soldering 10S)............cceeeees +265°C For T, = Full Package Temperature Range............. 100mW 
Typical Derating Factor.......... 3.0 mMA/MHz Increase inIDDOP Gate Count ........ cece ccc cece een enc eeeneees 5400 Gates 
ESD Classification saa 00s causes tees eca ys esied- eae’ Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


1 Operating Voltage Range.......... ccc eee eeees +4.5V to +6.5V = Input High Voltage. ........... 0c eee nate ais VDD/2 to vDD 
Operating Temperature Range.............06- -55°C to+125°C Data Retention Supply Voltage... ....... cece eee eee 2.5V 
Input Low Voltage... ccc eee ccc cet cece eee OV to +0.8V . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


LIMITS | 
PARAMETER SYMBOL CONDITIONS | MIN | MAX | MIN | MAX | UNITS 


[auescent Devoe Gurent | 100 |vN=overvbp,woc=voo | - | os | - | +0 | mA 
Operating Device Current . IOPRD Cycle Time = 1p1s mA 
comes | Oe foment Te 
[ouput tow Dive Sin Curent | ON |[vour-oav ‘| 40 | - | 268 [| - | ma 
[ouputtigh Dive Source) Curent] WP _[vouT-voo-oav | 8 | - | @ | - | ma | 
[nputLeatage Curent | __WN_[vN=overvoo—*(|_- ‘| 2 
itStte Outpt Leakage Curent | _1Oz | ArwiodVotago =0vervoo | | 38 _ 

[BataRetenon GuiscentGurent | woooR | | | 


NOTES: 
1. Operating current measured using 1MHz cycle and CL = 50pF. 
2. Measured using 1MHz cycle. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% 


PARAMETER SYMBOL 
READ CYCLE TIMES 


[Read Cyle SSCS 2 
TaccessivomAdsress——SCSCSC~SCSCSCi tv 
[accesstom0E SSCS 
[200 
125 
[0 


WRITE CYCLE TIMES | 


TTAVAV 
Write Pulse Width (Note 1) tWLWH 
Address Set Up to Beginning of Write 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5% (Continued) 


4 -55°C, +25°C 
PARAMETER SYMBOL 


| COMIN, {MAX 
Ta ACO 
[AddressHowTine ————SSSCSCSCS~SC~CA | 
[EE WiteSetUpTme_—_—~S~S~S~Ct wT Cd 
[GE Pulse wiath(Now 1) ———SCSCS~SCS~wCSLEH tw TCS” 
[DatatowiteSetUpTime __———~—S~S~S~dtC tO 
[DataHodFomwte——SC~C~S~S~YSw YP 
NOTE: 


1. CE and WE must overlap for at least tWLWH minimum value, t(DVWH minimum value must occur during this overlap. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Note 1) 


LIMITS 
PARAMETER SYMBOL 


[Input Capacitance (Note2) 


NOTE: 


‘1. Parameters in this table are not directly 100% tested, but are characterized at initial design and after design or processing changes affating 
these parameters. 


2. Capacitance measurements are made with no bias applied. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


POST RADIATION 
+25°C 
UNITS 
mA 


MEMORIES 


Operating Device Current (Note 1) 

Operating Device Current (Deselected) Cycle Time = ips 

Output Low Drive Current (Sink) VOUT = 0.4V | 
VOUT = VDD - 0.4V 


A 


oO 


| mA | 
p mA 
+10 
| ns 
| ns 
| ons | 


- 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Write Pulse Width (Note 3) — 
Address Set Up to Beginning of Write ~ tAVWL 


Data to Write Set Up Time | 
Data Hold From Write | tWHDX | 


NOTES: 
1. CE and WE must overlap for at least tWEWH minimum value, tDVWH minimum value must occur during this overlap. 
2. Measured using 1MHz cycle... ~’ | | 
3. Operating current measured using 1MHz cycle and CL = S0pF. 


3 ; TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) . 


[[icsraDevco cure | 00 «YC 
I a 
[Ouipat igh Dive Curt (Souce) | _10P | _16tOn.vave | 
[State Ouputtaatago Curent [oz | _—+6000a 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE ; . 
GROUPS 3ZSUBGROUPS 3 SUBGROUPS 


Samples/5005 
‘Samples/5005 
Group E, Subgroup 2 Samples/5005 
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CMM5104 


Timing Waveforms 


READ CYCLE 
tAVAV 
tAVOQV 
tELQV 
CE tAVQZ 
OUTPUT DATA OUT 


NOTE: Timing measurement is referenced to VDD/2. 


Typical Performance Curves 


TYPICAL OPERATING DEVICE CURRENT (SELECTED) AS A 
FUNCTION OF CYCLE FREQUENCY 


cc=sopF | | | | tt} tT tT 
ERR Ree 
ERR ERR RRR 


DEVICE CYCLE FREQUENCY (MHz) 


OPERATING DEVICE CURRENT (mA) 


WRITE CYCLE 


tAVAV 


| YY. 


tAVWL tWHAV 


tWHDX 


DIN DATA VALID IN 


VMMltd 


1. Timing measurement Is referenced to VDD/2. 


2. CE and WE must overlap for at least TWLWH minimum value, 
tDVWH minimum value must occur during this overlap. 


TYPICAL OPERATING DEVICE CURRENT (SELECTED) AS A 
FUNCTION OF SUPPLY VOLTAGE ~— 


SUPPLY VOLTAGE (V) 


3.0 3-2 3.4 3.6 3.8 49 4.24446 48650 5.2 5.4 5.6 5.8 
OPERATING DEVICE CURRENT (mA) 


READ ACCESS FROM ADDRESS TIME (tAVQV) AS A FUNCTION OF LOAD 
CAPACITANCE. (TIME MEASUREMENTS MADE AT 50% VDD POINT) 


a 

= 375 

uw iS 

F wf TPP ee 

” 

iors OS A IE Be eC 

ee me Be 

B72 ae ann 

& (11 TT 

. ei ~Snnaan 

oe Perr 

g ae PT Tree 

2 oo 

ul Ed! Bs ss 
0 100 200 300 

LOAD CAPACITANCE (pF) 
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MEMORIES 


Burn-In Circuits 


CMM5104 


VDD 
VDD 
* Lees 
MoS aie Cae SR 
Ai 12 Ww AS na 
_ REIS 3 16" W- AT ais 16)" 
‘VDD AS ni Ts As VDD ri 1S} 
| oa a Ta} ao Lt a 
RS as WAT Fa}-AW— Ato R2 Gi: 13 
4 aD Ri Att LB 
R2 8 4 M we R2 | CH pa 
[9] oh A13 ive mad 
DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: — | NOTES: 
R1 = 1kQ to 60kQ + 5% Ri = 1kQ to 60kQ + 5% 
R2 = 9.1kKW + 5% R2 = 9.1kQ + 5% 
sin Ave Hh - st ‘neem array pre-initialized with all Highs at VDD, 
Frequency: . AO = 100kHz+ 5%; A1 =A0/2....A13 =A12/2 VIN = VDD | 


01 = 200kHz + 5%, 0.6y1s Low, 4.4y1s High 


Irradiation Circuit 


Static Burn-In 2 memory array pre-initalized with all Lows at VSS, 
VIN = VSS. : 


NOTES: 

VDD = +5V, +5% 

GND = 0V 

All Resistors are 47kQ + 5% 
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CMM5104 


Harris - IRZ Product Flow 


Wafer Lot Acceptance Method 5007 (Includes SEM) 
Radiation Verification (Each Wafer) Method 1019, 100K 
RADS(Si) Total Dose 2 Samples/Wafer, 0 Reject 
Nondestructive Bond Pull Method 2023 | 

Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs 
Min., +150°C Min 


Temperature Cycling (100%) Method 1010, Condition. C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1 (30,0009) 


Particle Impact Noise Detection Method 2020, Condition A, 
20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 
Static Burn-in | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) 

Static Burn-In 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-In (100%) 240 Hrs, +125°C 


Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 
Functional 


Fine and Gross Seal (100%) Method 1014 
Final Electrical Tests (100%) 

Radiographic (100%) Method 2012 (1 View) 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GSI (Optional) 


1. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 5% All Tests, 3% Functional) 


Visual Inspection 


Visual Inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6 - Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


3.2.3 - Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 
are acceptable 


3.2.3c - A crack that exceeds 5 mils in length must also 
point towards or cross a scribe grid line © 


3.1.7b - Lifting or Peeling of Glassivation, add Note of 
3.2.7b to 3.1.7b 


1. High magnification inspection is performed at 200X to 300X and applies to the high current areas of the chip. The remainder of the chip 


is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 


(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. 


3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and Passivation Faults are applied to the center and two opposite corners of 
the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shall consist only of the area 


exposed to the immediate field of view. 
4. SOS Technology Devices 


- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing aineeni 


contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and end at the pellet edge are acceptable 
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CMM5104 


Harris - 3Z Brodick Flow 


Radiation Verification (Each Wafer) Method 1019, onan Total Dose 2 Se aa 0 Reject (8Z Product Flow 


continues below) 


Harris - 3 Product Flow (without Radiation Verifications) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified for ale 


Pre-Seal Bake (100%) 
Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 
Temperature Cycling (100%) Method 1010, Condition C 
Constant Acceleration (100%) Method 2001, Condition E, 
Y1, Direction, Centrifuge 
Seal: 

Fine (100%) Method 1014, Condition A or B 

Gross (100%) Method 1014, Condition C 


Initial Electrical Tests me) Per Applicable Device Specifi- 
cation, +25°C 


High Temperature Stress (100%) 48 Hrs, +125°C 


Internal Visual Inspection Modified for LSI 


Internal Visual Inspection is performed to MIL-STD-883, 
Method 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 
Scratches and 3.2.1.2a Metallization Voids shall also apply 
to metallization over a passivation step (3.2.1.1d, 3.2.1.2b). 
Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1.7) Diffusion and Passivation 
Layer(s) Faults (3.2.0) 


High magnification inspection is performed at 200X to 
300X, applied to the center and two opposite corners of 
the chip, consisting only of the area exposed to the 
immediate field of view 


D. Scribing and Die Defects (3.2.3) in addition: 


A crack that exceeds 5 mils in length must also point 
towards or cross a scribe grid line to be unacceptable 


Semicircular cracks that point away from the active circuit 
area are acceptable 


Interim Electrical Tests 1 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 10%, All Tests 


Static Burn-In (100%) 160 Hrs, +125°C: 


Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional 


Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C — 
External Visual (100%) Method 2009 | 


Quality Conformance 
Group A (All Tests) Method 5005 (Class B) 
Group B (Optional) Method 5005 (Class B) 
Group C (Optional) Method 5005 (Class B) 
Group D (Optional) Method 5005 (Class B) 


E. SOS Technology Devices: 


- Diffusion faults are not applicable. SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from a row in a 
contact chain. 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and 
end at the pellet edge are acceptable 
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w HARRIS HS-6514RH 


| Radiation Hardened 
December 1992 ~ 1024 x1 CMOS RAM 


Features Pinouts 
Total Dose 1 x 10° RAD (SI) 


HS1-6514RH 18 PIN CERAMIC DIP 


Data Upset > 10° RAD (SiVs CASE OUTLINE D-6, CONFIGURATION 3 
TOP VIEW 


Latch-Up Free To > 1 x 10'2 RAD (Si)/s 
Low Power Standby 1100,.W Max 

Low Power Operation 38.5mW/MHz Max 
Fast Access Time 150ns Typ 


Single Event Upset Immune Option 

TTL Compatible Output 

Common Data /O 

Three-State Outputs 

Standard JEDEC Pinouts 

18 Pin Package for High Density 

On-Chip Address Register 

Military Temperature Range -55°C to +125°C 


TOP VIEW 
HS9-6514RH 18 LEAD FLATPACK 
— INTERNAL PACKAGE CODE “HRF” 

Description TOP VIEW 


The HS-6514RH is a synchronous 1024 x 1 static CMOS 
RAM fabricated using the radiation hardened guard band 
ring, self-aligned silicon gate technology. The device utilizes 
synchronous circuitry to achieve high performance and low 
power operation. 


Latch-up free operation is achieved by the use of epitaxial 
starting material to eliminate the parasitic SCR effect seen in 
- conventional bulk CMOS devices. On-chip latches are pro- 
vided for addresses allowing efficient interfacing with micro- 
‘processor systems. The data output can be forced to a high 
impedance state for use in expanded memory arrays. 


The HS-6514FH is a fully static RAM and may be maintained in 


any state for an indefinite period of time. A single event upset 
_ immune version of the HS-6514RRH is also offered. 


| JAN 


On January 28, 1987, Harris received JAN line certification 
as a Rad-Hard Class S fabrication facility for the HS- 
6514RH. Specifications can be found in JAN 38510/245 
under device type 04. 


MEMORIES 


[Pn DESCRIPTION 
Ta aceess put — 
TE [cnipenatie 
wwe nao — 
[Poa Toate 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3029 
Copyright © Harris Corporation 1992 8-101 


HS-6514RH 


Functional Diagram — 


Ag O 
-A8 O 
A7 © LATCHED GATED 64x64 
AS ADDRESS ROW MATRIC 
ve: REGISTER DECODER - . 
A3 O 


ie Tete Te 


on a 
ed a a 


i 


GATED COLUMN 


pai <j DECODER 
ode On AND DATA 
at ce INPUT/OUTPUT 
oa a | 
[Ae 
DQ3 O- <@ 


ls 
on! 


LATCHED 
ADDRESS 
REGISTER 

/\ /\ 

E W AG AO Al A2 


All Lines Active High - Positive Logic 
Three-State Buffers: A High Output Active 
Address Registers: Latch on Rising Edge of L 
Gated Decoders: Gate on Rising Edge ofG 
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Specifications HS-6514RH 


Absolute Maximum Ratings 


Supply Voltage -(VDD-GND) ................000. -0.3 to +7.0V 
Input or Output Voltage Applied......... GND-0.3V to VDD +0.3V 
Storage Temperature Range ................. -65°C to +150°C 
Junction Temperature.......... SPs eoMes ease eens +175°C 
Lead Temperature (Soldering 10s).............0 cee eee +300°C 
Typical Derating Factor..... rae Gases 3.0mMA/MHz Increase in IDDOP 
ESD Classiicalonks.cns een weewens ewe Hea see cee Class 1 


Reliability Information 
Thermal Resistance Bin Gi. 


18 Pin Ceramic DIP Package ......... 73°C/W ss 10°C/W 

18 Lead Flatpack Package ........... 62°C/(W ss 10°C /W 
Maximum Package Power Dissipation at +125°C 

18 Pin Ceramic DIP Package ......... ccc cece eee eens 0.68W 

18 Lead Flatpack Package .......... ccc eee wee eens 0.80W 
ale COUN 2 oii cs aide cae bP Hee Rue swe wake 6672 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range............... +4.5V to +5.5V 


Operating Temperature Range................ -55°C to +125°C 


Input Rise and Fall Time... 2.1... ec ccc eee eee ees 40ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


IDDDR 


Data Retention Supply Current 


1OZ 
OH 


NOTE: 


PARAMETER SYMBOL CONDITIONS | oMIN- |) MAX 


Standby Supply Current IDDSB IO = 0, VI = GND or VDD ae 
Operating Supply Current (Note 1) IDDOP f = 1MHz, lO = 0, Vi = VDD or GND 


Input Leakage Current ae = GND s Vis VDD 
Output Leakage Current | OZ GND < VO<s VDD 10 


1OL = 2.0mA oe 4 
Output High Voltage IOH = -1.0mA 


LIMITS 


0 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ~ PARAMETER SYMBOL 


Address Hold Time 


Write Enable Pulse Width 
Write Enable Setup Time 


TWLWH 
TWLEH 


Data Setup Time | 
Data Hold Time 


NOTE: 


CONDITIONS 


a ec eer 
[nates cessive «| tavav [owt Sid 
[eiperaberine «Tete weet SSC*d;CO 
FO 
[rex [root SSC*dSC 
Cr 

= 


1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 
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Specifications HS-6514RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed but not tested) 


Chip Enable/Output Disable Time 2 


Write Enable/Output Disable Time TWLQZ 


1. Inputs TRISE = TFALL < 20nsec:. Outputs : .1 TTL load and 50pF. All timing measurements at 1/2 VDD. 


- TABLE 4. POST RAD.ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


fnwintenionae | _vowsme [nme] 
fompn | _Sareeasns | _vaarencaainn | vaareneein 


Group B 
(Optional) 
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Specifications HS-6514RRH (S.E.U. Immune Option) 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage -(VDD-GND) ...............0008. -0.3to+7.0V Thermal Resistance On 8 
Input or Output Voltage Applied ......... GND-0.3V to VDD +0.3V 18 Pin Ceramic DIP Package ......... 73°C/iW 10°C /W 
Storage Temperature Range .............24.- -65°C to +150°C 18 Lead Flatpack Package ........... — 62°C/W10°C/W 
Junction Temperature... 2... cece cee cece eee eees +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)..........-.eeeeees +300°C 18 Pin Ceramic DIP Package ............c cee eeecees 0.68W 
Typical Derating Factor........... 3.0mA/MHz Increase in IDDOP 18 Lead Flatpack Package ..........c cece cece eeeens 0.80W 
ESD Classification ...... 0... ccc ccc nee eee ccc eee Class: 3. Gate Countiié «ss.scas Oi Seow sabe ee eeee Siw ewees 6672 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range............... +4.5V to+5.5V Input Rise and Fall Time... ........ 0. eee eee «+. 40ns Max 
Operating Temperature Range...........e.008- -20°C to +80°C 


PARAMETER SYMBOL CONDITIONS 


[Baia Ftnion Suni Gurent—| _wooR | 
[Baia tnton Suny Volegs | vooon 


7 
Trputeatage Curent | ; 
Tinputtowvetege dT eT CCSC~C~S | 
Trputronvotwgs | vm | SSSC~*di( 8 | vO 


Output Low Voltage IOL = 2.0mMA | ad 
Output High Voltage | VOH IOH = -1.0mA 


NOTE: 
1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL CONDITIONS 


Chip Enable Access Time TELQV 
Address Access Time 
Chip EnableTime TELEH 


TL 


NOTE: 
1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 
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Specifications HS-6514RRH (S.E.U. Immune Option) 


1. Inputs TRISE = TFALL < 20nsec: Outputs: 1TTL load and 50pF. All timing measurements at 1/2 VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Tables 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


a 


TABLE 6. APPLICABLE SUBGROUPS 


N/A : 


NA 
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HS-6514RH 


Timing Waveforms 


READ CYCLE 
TELEL 
TELAX 
TAVEL TAVEL 
50565 £55505 25 655 o> yes eehetete te letateteteteleteteteteteteteteteteteteteteteteteteteletetetetetes 
- A eseatetetotetetetete® ADD VALID aietetetetetetotetetete SOKK KKK KKK KO oie RRR NEXT ADD 
SOK etatetetetetetetete’ _Yy AAACN OOOEON NOOO O0L0, 
— Pod 
E 
TELQV 
TELQX ve 


HIGHZ = =F | sprecasonneaes | HIGH-Z 
Q SERRE VALID DATA OUTPUT 


TIME 
REFERENCE 


=| 
= 
) 
x 


TRUTH TABLE 


TIME REFERENCE i FUNCTION 


The address information is latched in the on chip registers enabled but the data is not valid until during time (T = 2). Ww 
on the falling edge of E (T = 0). Minimum address set up must remain high until after time (T = 2). After the output 
and hold time requirements must be met. After the required data has been read, E may return high (T = 3). This will 
hold time, the addresses may change state without affecting force the output buffers into a high impedance mode at time 
device operation. During time (T = 1) the output becomes (T= 4). The memory is now ready for the next cycle. 


MEMORIES 


NOTE: In the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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HS-6514RH 


Timing Waveforms (Continued) 
WRITE CYCLE 


TELAX 
TAVEL 
aratetetetateteteteteteny 


i CAAA e 
er. DD 
srereteteteteteretererete” ADD VALID 


ore%e%e%e: 


TELEL 


NEXT ADD 


MJ. t'aime ////. ®10C.C.WN 
| TRUTH TABLE 


~ + INPUTS OUTPUT 


The write cycle is initiated by the falling edge of E (T = 0), 
which latches the addrss information in the on chip registers. 


There are two basic types of write cycle, which differ in the 


control of the common data-in/data-out bus. 
Case 1: E falls before W falls. 


The output buffers may become enabled (reading) if E falls 
before W falls. W is used to disable (three-state) the outputs 
so input data can be applied. TWLDV must be met to allow 
the W signal time to disable the outputs before applying 
input data. Also, _at the end of the cycle the outputs may 
become active if W rises before E. The RAM outputs will dis- 
able (three-state) after E rises (TEHQ2Z). In this type of write 
cycle TWLEL and TEHWH may be ignored. 


Case 2: E falls equal to or after W falls, and E rises before or 
equal to W rises. 


Write Period Begins 
Data In is Written 
Write Completed 


Cycle Ends, Next Cycle Begins (Same as 0) 


This E and W control timing will guarantee that the data 
output will stay disable throughout the cycle, thus simplifying 
the data input timing. TWLEL and TEHWH must be met but 
TWLDV becomes meaningless and can be ignored. In this 
cycle TOVWH and TWHDZ become TDVEH and TEHDZ. In 
other words, reference data setup and hold times to the E 
rising edge. 


E falls before W TWLDV TWLEL 


Case2 | EfallsafterWand} TWLEL TWLDV 
E rises before W TEHWH TWHDV 


Ifa series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been 
written (an extension of Case 2). 


NOTE: Inthe above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. The numbers are located on the 
time reference line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 


8-108 


HS-6514RH 


Burn-in Circuits 


® VDD 
SAGHEAR 
418 
i ee ef al ‘8 
Ee FL EB a7 = 
16] 
i fae a—_ FF 
15 
a F3 | 4 | 15] Fs 
= F4 5 | 14) F10 
= rs = ——fE iW Fi 
re ‘ aw Fi 
| cLK2 a 7] Fis 
9 | 10) CLK 1 
T 
FO-F13 


k--- >20ns 


CK SS 
CLK 2 Kx X/2 —>f{ . 


STATIC CONFIGURATION | DYNAMIC CONFIGURATION 
NOTES: NOTES: — 
VDD = 6.0V + 0.5V VDD = 6.0V + 0.5V 
Ri = 1K All Resistors = 27KQ | 
R2 = 1.5K Minimum Ambient Temperature = +125°C 
Minimum Ambient Temperature = +125°C VDD must be applied before or at the same time as input signals 
xX > 700ns, T = 5yus 
FO = 100kHz 
- Fi =FO0/2 
F2 = F0/4 


F3 = F0/8...F13 = F0/8192 


Irradiation Circuit 
VDD (+5V) 


R1 


MEMORIES 


VDD 


ini 


2 
_ i 


NOTES: 


VDD = 5V 

VSS = 0V 

All Inputs = 5V 

MONITOR: IDD at 5V 

R1 = 47KQ and R2 = 2.7KQ 
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-HS-6514RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization — | 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) | | 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 : 


Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

2. These steps are optional, and should be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


1. These steps are optional, and must be negotiated as part of order. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand | 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4 


. ‘8’ Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 


8-110 


ek 


Metallization Topology 


DIE DIMENSIONS: 
Die Size: 155 x 237 mils 
Die Thickness: 14 +1 mils 


METALLIZATION: 
Type: Al, 14kA + 2kA 
Back: Gold 


GLASSIVATION: 
Type: SiO. 
Thickness: 8kA + 1kA 


Metallization Mask Layout 


HS-6514RH/RAH | 


DIE ATTACH: 
Material: Gold 
Temperature: Sidebrazed Ceramic DIP - 460°C+10°C (Max) 
Braze Seal Flatpack - 460°C + 10°C (Max) 


WORST CASE CURRENT DENSITY: 4.37 x 10* A/cm? 
SUBSTRATE POTENTIAL: VDD 


HS-6514RH 
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MEMORIES 


BHARRIS § CIMM5114A 


Radiation Hardened, High Reliability, 


December 1992 - CMOS/SOS 1024 Word by 4 Bit LSI Static RAM 
Features a “| Pinout | 
¢ Radiation Hardened to 100KRAD(SI) _ 18 PIN CERAMIC DIP 


CASE OUTLINE D6, CONFIGURATION 3 
TOP VIEW 


¢ Cosmic Ray Upset Immunity 2 x 10° Errors/Bit Day (TYP) 
e Latch Up Free Under Transient Radiation 
Transient Upset > 10'° RADS/s, 20ns Pulse 
Fully Static Operation 

¢ Single Power Supply 4.5V to 6.5V 

¢ All Inputs and Outputs TTL Compatible 

¢ Tri-State Outputs 

Industry Standard 18 Pin Configuration 
Low Standby and Operating Power 

¢ Common Data Inputs and Outputs 

° Gated Address Inputs by CE | 


Description 24 PIN FLATPACK 


The CMM5114< is a high reliability 1024 word by 4 bit static _ INTERNAL PACKAGE CODE “HSL” 
random access memory using CMOS/SOS technology. Itis |} _ ee ee 

designed for use in memory systems where low power and |. 
simplicity in use are desirable. TTL compatibility on all.I/O 
terminals permits easy system integration. 


HA 


S4S95555 82 


CMOS/SOS technology permits operation in high radiation 
environments. It is insensitive to neutrons, cannot latch up at 
any dose rate and is resistance to single event upset caused 
by cosmic rays or heavy ions. 


The CMMS5114A is supplied in 18 lead dual-in-line side- | 
brazed ceramic package (D suffix). The part is also available 
in a 24 lead flatpack ceramic package (K suffix). 


SBRARS 
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Functional Diagram 


‘vot 
vo2 
vO3 
vo4 


SENSE AMPLIFIERS 
AND OUTPUT BUFFER 


TRANSITION DETECTORS, | 
BUFFERS, AND ROW | Ov eneg 
ODE . 


E 


TRANSITION DETECTORS, 
‘BUFFERS, AND COLUMN 
DECODER 


POWER . 
CONVERTER 


WE AND CE DECODER 
(SEE TRUTH TABLE) 


Truth Table 

| L | H [Read | Dependent on Data | 
pt | tb |Write [input 
| _H_ | X |NotSelected | High Impedance 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 2081.1 
Copyright © Harris Corporation 1992 8-112 
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Specifications CMM5114A 


Absolute Maximum Ratings 


Reliability Information 


Supply Voltage (VDD), Maximum Package Power Dissipation 

All voltage values referenced to VSS terminal ..... -0.5V to +7.0V For Ty = -55°C to +100°C 0... ee cece eee eee eee 500mW 
Input Voltage Range, All Inputs .............. -0.5 to VDD +0.5V For Ty = +100°C to +125°C........ Derate Linearly at 12mW/C 
Input Current, Any One Input........... 0. ccc cece ee eeees +10mA | to 200mW | 
Storage Temperature Range ..............06. -65°C to +150°C Power Dissipation per Output Transistor 
Lead Temperature (Soldering 10S).............00eeees +265°C For T, = Full Package Temperature Range............. 100mW 
Typical Derating Factor........... 3.0MA/MHz Increase inIDDOP Gate Count............. ccc cece cece rece een ecee 5400 Gates 
ESD Classificaonl bsc:c ui s05 4a. 80.6008 SOS ES SO ORS Class 1 


of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 

Operating Voltage Range.............eeeeeeee +4.5V to +6.5V = Input High Voltage... 1... eee eee ee eee VDD/2 to VDD 
Operating Temperature Range................ -55°C to +125°C Data Retention Supply Voltage............. saciid aig alert a 2.5V 
Input Low Voltage... ... ccc ee eee cece ween eee OV to +0.8V 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, VIN = OV or VDD, Unless Otherwise Specified 


LIMITS 


Quiescent Device Current VIN = OV or VDD, 
VCS = VDD 


3 


MEMORIES 


Operating Device Current Output Open Circuited Cycle oe m 
(Note 1) Time = 1p1s 
Output (Source) Current | 10H =| VOUT=VDD-04v0 ee 
Input Low Voltage (Note 2) eae | 0.8 | 
Input High Voltage (Note 2) ee ee vop2 | - | 
Input Leakage Current | IN = [VIN=O0VorvDD +10 
Tri-State Output Leakage Current | 10Z_—_| Applied Voltage = 0Vor VDD _| +5 +50 

es 


Minimum Data Retention Voltage 


Data Retention Quiescent IDDDR 
Current 


NOTES: 
1. Operating current measured using 1MHz cycle and CL = 50pF. 
2. Measured using 1MHz cycle. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, CL = 50pF 
LIMITS 


-55°C, +25°C +125°C 


PARAMETER 
READ CYCLE TIMES 


SYMBOL 
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Specifications CMM5114A 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 5V + 5%, CL = 50pF (Continued) — 


LIMITS 


PARAMETER 


Address to Write Set Up Time | a 
Address Set Up to End of Write 7 


CE Pulse Width (Note 1) — 
Data to Write Set Up Time 
Data Hold From Write | tWHDX | 


NOTE: 


1. CE and WE must overlap for at least tWLWH minimum value, t(DVWH minimum value must occur during this overlap and CE must be held 
low for 10ns after WE goes high. 


CE to Write Set Up Time 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 


PARAMETER 


Output Voltage Low Level 


MAX WAX] 

or 12 

[Output Votage High Level ————~—~—S—S*d von | voo-on| - | voo-o2]_- |v 

OO 3 

[OutputGapactancs ——SC~—SCS~ ct id nee 

ELOA| 20 
ca 
= 


Output Tri-State from Disable _ _ - | tEHOZ 
Output Hold from Address Change tAVQZ 


NOTE: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterize 
upon initial design release and upon design changes which would affect these characteristics. ; 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 


POST RADIA- 
TION +25°C 


PARAMETER CONDITIONS 


8-114 


Specifications CMM5114A 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


POST RADIA- 
— | TION +25°C 
PARAMETER CONDITIONS 


aaa 
earner 
ee 
oe 
eer 
CO 


Data to Write Set Up Time 
Data Hold From Write 


NOTES: 
1. CE and WE must overlap for at least tWLWH minimum value, t(DVWH minimum value must occur during this overlap. 


2. Measured using 1MHz cycle. 
3. Operating current measured using 1MHz cycle and CL = 50pF. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[auiossntDevcoCurent feo |i 
[ouipatow Dive caren Sead | ON | vOuefone vane 
[Outpt igh Dive Curent (Soucs) | 10P | 100. vue 
[Tistale Ouputtoaage Curent | 2] —stOna 


CONFORMANCE 
GROUPS METHOD -IRZ SUBGROUPS 


[timtest | rooweooe | __.7@ |W 


3 SUBGROUPS 


Cetera) Tones | Sanvossns |? 
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CMM5114A © 


Timing Waveforms 


READ CYCLE 7 WRITE CYCLE 
tAVAV 
tAVOV ib ADDRESS 
wmRY —_—s—r—r‘—a@r's(d—i‘idasdL“C COSC] = 
tELQV —“<— tEHQZ 
tELQA tAVQZ| WE 


a pn G7oon't caREYfy—_—s«VALID) = -XDON'T CARE 


NOTE: WE is high during the READ cycle timing measurement NOTE: 


reference level is VDD/2 
1. Timing measurement is referenced to VDD/2. 


Typical Performance Curves 
ADDRESS ACCESS TIME CHARACTERISTICS CHIP ENABLE ACCESS TIME CHARACTERISTICS 


_ CHIP ENABLE ACCESS TIME (ns) 
CHIP ENABLE ACCESS TIME (ns) 


3.5 4 4.5 5 5.5 6 6.5 7 
SUPPLY VOLTAGE 


Ss 


SUPPLY VOLTAGE (V) 


INPUT LOW VOLTAGE CHARACTERISTICS INPUT HIGH VOLTAGE CHARACTERISTICS 


S = 
< 
> 
> 
g : 
K- 
=) 5 
z 3 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 
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CMM5114A 


Typical Performance Curves (Continued) 


OUTPUT HIGH (SOURCE) DRIVE CURRENT CHARACTERISTICS 


OUTPUT LOW (SINK) DRIVE CURRENT CHARACTERISTICS 


~~ 


ANY AIT, 


~~ 
aN 
+ | < 
| 
= 
: 
on. ee oe 


(yw) LNSYHND SAIN (3OUNOS) HDIH LNdLNO 


(yw) LNSYHND SANG (NNIS) MOT LNdLNO 


SUPPLY VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


QUIESCENT DEVICE CURRENT CHARACTERISTICS 


( 


SSIMOWSAN 


SUPPLY VOLTAGE (V) 
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CMM5114A 


Burn-In Circuits 


VDD D STATIC 1 
© STATIC 2 
AO rE ia 
A4 2 | A3 
A9 3 | 16 A2. 
A8 4 15 Al 
A7 5 | 14 A10 
“AG G 13 A11 
AS 7 42 Ai2— 
A14 8 11 A13 
9. 10 01 
DYNAMIC CONFIGURATION STATIC CONFIGURATION 
NOTES: NOTES: 
R1 = 1kQ to 6kQ, Unless Otherwise Specified R1 = 1kQ to 6kQ 
VDD = 5.5V (Min) VDD = 5.5V (Min) 
Frequencies: AO = 100KHz +5% Stress Test; Switch is at VSS 
A1=A0/2....A13 = A12/2 Static. 1: Switch is at VDD 
01 = 200KHz +5%, 0.6p1s Low, 4.4y1s High Static 2: Switch is at VSS 


Irradiation Circuit 


=a 
Bia 
ie 
=e 
a 


NOTES: 


VDD = +5V, +5% 
GND = Ground 
All Resistors are 47kQ + 5% 
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CMM5114A 


Harris - IRZ Product Flow 


Wafer Lot Acceptance Method 5007 (Includes SEM) 
Radiation Verification (Each Wafer) Method 1019, 100K 
RADS(Si) Total Dose 2 Samples/Wafer, 0 Reject 
‘Nondestructive Bond Pull (100%) Method 2023 

- Internal Visual (100%) Method 2010 (See “Visual Inspection”) 


- Stabilization Bake (100%) Method 1008, Condition C,; 24 Hrs 
Min., +150°C Min 


Temperature Cycling (100%) Method 1010, Condition C, 
-65°C to +150°C 


Constant Acceleration (100%) Method 2001, Condition E, 
Y1 (30,000g) 


Particle Impact Noise Detection Method 2020, Condition A, 
- 20g Peak at 60Hz 


Visual Inspection (100%) 

Serialization (100%) 

Initial Electrical Tests (100%) 

High Temperature Stress (100%) 48 Hrs, +125°C 


NOTES: 


1. Failures from Interim Electrical Tests 2 and 3 are combined for determining PDA (PDA = 


Visual Inspection 


Visual Inspection for Class S is performed to MIL-STD-883, 
Method 2010, Condition A except as follows: 


Use: 

3.2.1.1 - Metallization Scratches 
3.2.1.2 - Metallization Voids 
3.2.1.6 - Metallization Bridging 
3.2.1.7 - Metallization Alignment 


NOTES: 


Interim 1 Electrical Tests (100%), PDA 10% All Tests 

Static Burn-in | (100%) 24 Hrs, +125°C 

Interim 2 Electrical Tests (100%) (Note 1) 

Static Burn-in 2 (100%) 24 Hrs, +125°C 

Interim 3 Electrical Tests (100%) (Note 1) 

Dynamic Burn-in (100%) 240 Hrs, +125°C 

Interim 4 Electrical Tests (100%) PDA 5% All Tests, PDA 3% 


- Functional 
. Fine and Gross Seal (100%) Method 1014 


Final Electrical Tests (100%) | 
Radiographic (100%) Method 2012 (1 View) 
External Visual (100%) Method 2009 


Quality Conformance 
Group A (All Tests) Method 5005 (Class S) 
Group B (Optional) Method 5005 (Class S) 
Group D (Optional) Method 5005 (Class S) 


CSI and/or GSI (Optional) 


5% All Tests, 3% Functional) 


- Scribing and Die Defects. In addition, semicircular 
cracks that point away from the active circuit area 
are acceptable | 


3.2.3 


3.2.3c --A crack that exceeds 5 mils in length must also 
point towards or cross a scribe grid line 


3.1.7b - Lifting or Peeling of Glassivation, add Note of 
3.2.7b to 3.1.7b 


MEMORIES 


1. High magnification inspection is performed at 200X to 300X and applies to the high current areas of the chip. The remainder of the chip 
is inspected at 75X to 150X where high magnification is required. 


2. Criteria 3.2.1.1a Metallization Scratches, and 3.2.1.2a Metallization Voids shall also apply to metallization over a passivation step 
(3.2.1.1d, 3.2.1.2b). Underlying oxide must also be exposed. 


3. Criteria 3.2.1.7 Metallization Alignment and 3.1.2 Diffusion and Passivation Faults are applied to the-center and two opposite corners of 
the chip. Areas of sufficient complexity are viewed to assure general alignment and contact coverage and shall consist only of the area 
exposed to the immediate field of view. 


4. SOS Technology Devices 
- Diffusion faults 3.1.2.1 are not applicable. SOS devices are inspected for complete islands, bridging between islands and missing 3 adjacent 
contacts from a row in a contact chain. 
- The 1 mil wire clearance criteria is not applicable 
. > Passivation faults are not applicable when a second free flow oxide is used prior to metallization 
- Oxide gate bridge inspection is not applicable 
- + Semicircular cracks not in an active area which start and end at the pellet edge are acceptable 
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CMM5114A 


Harris - 3Z Product Flow 


Radiation Verification (Each Wafer) Method 1019, one) Total Dose 2 Pee ne 0 Rejects (3Z Product Flow 


continues below) 


Harris - 3 Product Flow (without Radiation Verification) 


Internal Visual (100%) Method 2010, Condition B (Modified) 
(See “Internal Visual Inspection Modified for LSI”) 


Pre-Seal Bake (100%) 

Stabilization Bake (100%) Method 1008, Condition C, 24 Hrs, 
+25°C , No End Point Measurements Required 

Temperature Cycling (100%) Method 1010, Condition C 
Constant Acceleration (100%) Method 2001, Condon 1, 
Y1, Direction, Centrifuge 


Seal: 
Fine (100%) Method 1014, Condition AorB 
Gross (100%) Method 1014, Condition C 


Initial Electrical: Tests (100%) Per Applicable Device Specifi- 
cation, +25°C 


High Temperature Stress (100%) 48 Hrs, +125°C 


Internal Visual Inspection Modified for LSI 


Internal. Visual Inspection is performed to MIL-STD-883, 
Method 2010, Condition B except as follows: 


A. High Magnification Inspection is performed at 200X to 
300X and applies to the high current areas of the chip. 
The remainder of the chip is inspected at 75X to 150X 
where high magnification is required 


B. Metallization Voids (3.2.1.2) Criteria 3.2.1.1a Metallization 


Scratches and 3.2.1.2a Metallization Voids shall also apply - 


to metallization over a passivation step (3.2.1.1d, 3.2.1 oe 
Underlying oxide must also be exposed 


C. Metallization Alignment (3.2.1 7) Diffusion and Passivation 
Layer(s) Faults (3.2.0) 


High magnification inspection is performed at 200X to 
300X, applied to the center and two opposite corners of 


the chip, consisting only of the area exposed to the. 


immediate field of view 
D. Scribing and Die Defects (3.2.3) in addition: 


Interim Electrical Tests 1 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 10%, All Tests . 
Static Burn-in (100%) 160 Hrs, +125°C 
Interim Electrical Tests 2 (100%) Per Applicable Device Spec- 
ifications, +25°C PDA 5%, All Tests, PDA 3% Functional 
Final Electrical Tests (100%) Per Applicable Device Specifica- 
tions, +25°C 
External Visual (100%) Method 2009 
Quality Conformance 

Group A (All Tests) Method 5005 (Class B) 

Group B (Optional) Method 5005 (Class B) 

Group C (Optional) Method 5005 (Class B) 

Group D (Optional) Method 5005 (Class B) 


E. SOS Technology Devices: 


- Diffusion faults are not appheasie: SOS devices are 
inspected for complete islands, bridging between 
islands and missing adjacent contacts from a row in a 
contact chain. 


- The 1 mil wire clearance criteria is not applicable 


- Passivation faults are not applicable when a second free 
flow oxide is used prior to metallization 


- Oxide gate bridge inspection is not applicable 


- Semicircular cracks not in an active area which start and 
end at the pellet edge are acceptable 


A crack that exceeds 5 mils in length must also point 


towards or cross a scribe grid line to be unacceptable 


Semicircular cracks that point away from the active circuit 
area are acceptable 
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FARRIS 


SEMICONDUCTOR 


Gp 


December 1992 


Features 

¢ Functional Total Dose 2 x 104 RAD(Si) 

e Latch-Up Free To > 5.0 x 10'' RAD(Si)/s 
e Data Upset > 10° RAD(Si)/s 

e Low Standby Power 550u.W Max. 

e Low Operating Power 25mW/MHz Max. 
e Fast Access Time 300ns Max. 

¢ TTL Compatible Outputs 

e High Output Drive - 2 TTL Loads 

e¢ High Noise Immunity 

e On-Chip Address Register 

e Three-State Outputs 

e 16 Pin Package for High Density 

e Military Temperature Range -55°C to +125°C 


HS-6508RH 


Radiation Hardened 
1024 x 1 CMOS RAM 


Pinouts 


HS1-6508RH 16 PIN CERAMIC DIP 
CASE OUTLINE D2, CONFIGURATION 3 
TOP VIEW 


[en BeScRTON 
CE [crn Erabe 
[3 [astra 
3 [pata up 


HS9-6508RH 16 PIN FLATPACK 
INTERNAL PACKAGE CODE “H6P” 


Description TOP VIEW 
The Harris HS-6508RH is a 1024 by 1 static CMOS RAM fabricated 
using the Harris radiation hardened self-aligned silicon gate technol- ue bd 
ogy. Synchronous circuit design techniques are employed to achieve 2 D 
high performance and low power operation. Latch-up free operation 3 WwW 
is achieved by the use of epitaxial starting material to eliminate the 4 AQ 
parasitic SCR effect seen in conventional CMOS devices. 5 AB 
On-Chip latches are provided for addresses allowing efficient interfac- 6 AT 
ing with microprocessor systems. The data output buffers can be 7 AG 
forced to a high impedance state for use in expanded memory arrays. 8 AS 
The HS-6508RH is a fully static RAM and may be maintained in 
any state for an indefinite period of time. 
Functional Diagram 
A50 
AGC 
LATCHED GATED 
A70—1 ADDRESS ROW Je hoe 
A8o—} REGISTER laa DECODER i a 
ASQ * 
D > GATED COLUMN 
|g] DECODER AND S Q 
DATA VO 
A 
W : 
LATCHED 
a ADDRESS 
E < REGISTER 
AO At A2 A3 Ad 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3026 
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Specifications HS-6508RH 


" Absolute Maximum Ratings 


Supply Voltage (VDD)........ Uoiie bake re te ue wes -0.3 to +7.0V 
‘Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V 
Storage Temperature Range ................. -65°C to +150°C 

Junction Temperature... 00... ccc ccc cece eee eee +175°C 

Lead Temperature (Soldering 10s)............. ‘veeeeee $300°C 
Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP 

ESD Classificauionyis-is<c. cts pos erawea cea eee Class 1 


Reliability Information 


Thermal Resistance Qin Gj 
Ceramic DIP Package ............06. 74°C/W11.4°C/W 
Ceramic Flatpack Package ........... 62.8°C/W 10.5°C/W 

Maximum Package Power Dissipation at +125°C : 
Ceramic DIP Package... .......s cece ere enee waneays 0.67W 
Ceramic Flatpack Package ..........ccecceccccccees 0.79W 

Gate Count 2456 sida ease es eee eee taeiee tees 1839 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..................... +4.5V to +5.5V 
Operating Temperature Range..............6- -55°C to +125°C 


Input Rise and Fall Time....... ere ere re eaneces 40ns Max 


: TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


IDDOP > 


Operating Supply Current (Note 1) 


Input Leakage Current 


Output Leakage Current 


Output Low Voltage VOL 
Input High Voltage _ VIH ; 
Input Low Voltage VIL 


NOTE: 


. _ PARAMETER ; SYMBOL CONDITIONS 


[SancbySmny owen | Tooss [loro wavoperend ——*4t | a 
f = 1MHz, IO = 0, VI = VDD or GND Ee «| 
fexewevoo 
[exbewievoo | 
focssank 


<a 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. Example: Typical IDDOP = 1.5mA/MHz 


PARAMETER 


—e 
[aes Aces Tie (| _TAVGY 
[chip Erato Pulse Negaivewian | TELEH 
[hip Enabie Plo Peso wa | —TEHEL 


7 
hip Enable Wie Paso Sup Tne_[ 1 


NOTE: 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


CONDITIONS 


1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at '/, VDD. 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


LIMITS 
Vi 


= VDD or GND, f = 1MHz 


TWLQZ 


1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at '/, VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
DC PARAMETER SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


NOTE: 
1. Based on the average of the entire sample. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD -Q SUBGROUPS ' «8 SUBGROUPS 


MEMORIES 


2, 3, 8A, 8B, 10, 11 


1, 2, 3, 7, 8A, 8B, 9, 10, 11 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


A 
Samples/5005 A 


Samples/5005 
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 -HS-6508RH © 


Timing Waveforms 


‘READ CYCLE 
TAVEL | 
/ Se wo EE Kut 
TEHEL TELEH TEHEL 
: 
ae), V/éééllllla |g. ]VCVVZTHHYTZT?™=@- VJZHTT@t“™Y€=w=“éttbh-’ 
D 
| TENGE TELQV ; TEHQZ 
TAVQV | 
TIME | en ae See eee cet ee 
- REFERENCE . 
-1 0 1 2 3 4 5 
TRUTH TABLE 


In the HS-6508RH Read Cycle, the address information is 
latched into the on chip registers on the falling edge of E (T = 
0). Minimum address setup and hold time requirements must 
be met. After the required hold time, the addresses may 
change state without affecting device operation. During time 
(T = 1) the data output becomes enabled; however, the data 


INPUTS - OUTPUTS 


FUNCTION 


are 
a 


is not valid until during time (T = 2). W must remain high for 
the read cycle. After the output data has been read, E may 
return high (T = 3). This will disable the chip and force the 
output buffer to a high impedance state. After the required E 
high time (TEHEL) the RAM is ready for the next memory 
cycle (T = 4). 
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Timing Waveforms (Continued) 
WRITE CYCLE 


TEHEL 


ml 


‘ 
J 


04:456'676'6°6'4 666-6606" 
2525252504 
Di RSCSSS<S<ESSSCSC 


Q 


TWLEH 
TWLWH 


AIWNN 


esos eseseceetststatetcte tele eesestetesteestetee 
"O.0.0.0.0.0.6.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0 


TDVWH 


TIME See 
REFERENCE 


TRUTH TABLE 


The write cycle is initiated by the falling edge of E which 
latches the address information into the on chip registers. 
The write portion of the cycle is defined as both E and W 
being low simultaneously. W may go low anytime during the 
cycle provided that the write enable pulse setup time 
(TWLERH) is met. The write portion of the cycle is terminated 
by the first rising edge of either E or W. Data setup and hold 
times must be referenced to the terminating signal. 


If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
‘ been written. When this method is used, data setup and hold 
times must be referenced to the rising edge of E. By 


- INPUTS OUTPUTS 


ee ee ee 


FUNCTION 


Memory Disabled 
Cycle Begins, Addresses are Latched 
Write Period Begins 


Write Completed 
Prepare for Next Cycle (Same as -1) 
Cycle Ends, Next Cycle Begins (Same as 0) 


positioning the W pulse at different times within the E low 
time (TELEH), various types of write cycles may be 
performed. 


If the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (TELQX), a combina- 
tion read write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 
The data input and data output pins may be tied together for 
use with a common I/O data bus structure. When using the 
RAM in this method allow a minimum of one output disable 
time (TWLQZ) after W goes low before applying input data to 
the bus. This will insure that the output buffers are not active. 
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MEMORIES 


HS-6508RH 


Burn-In Circuit 


vcc 


rere 


STATIC CONFIGURATION ... DYNAMIC CONFIGURATION 
NOTES: NOTES: 
Minimum Ambient Temperature = +125°C All Resistors are 1/4W, +10% or better | 
VDD = 5.0V + 10% 50% Duty Cycles - 
Ri=1K f0 = ty f1 = f11/2; f2 = 25KHz; f3 = f2/2; f4 = 3/2; {5 = 4/2; 
R2 = 1.5K f6 = (5/2 ... £11 = 10/2; f12 = 100KHz. 


Irradiation Circuit 


+5V 


NOTES: 

VDD = 5.0V 
GND=0V . 

All inputs = 5V 

Q outputs float open 
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HS-6508RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 
NOTES: 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 , 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) - 


Group B Inspection Method 5005 (Note 2) ~ 
End-Point Electrical Parameters: B-5:- Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 
. These steps are optional, and should be listed on the individual purchase order(s), when required. 


2 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 
4, For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 


for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


ao 


. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow | 


Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

_ Initial Electrical Tests | 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 


=a 


PP OS 


‘-8’ Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (includes Group A) 

Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


. These steps are optional, and must be negotiated as part of order. © 
Group B and D data package contains Attributes Data plus Variables Data. 
Harris reserves the right to perform Alternate Group A. The 5% PDA iis still applicable. 
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HS-6508RH 


Metallization Topology 


DIE DIMENSIONS: 
132 x 160 x 14+ imils 


METALLIZATION: 


Type: Si- Al 
Thickness: 14kA +2kA 


GLASSIVATION: 
Type: SiO. © 
Thickness: BkA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy © 
Temperature: Ceramic DIP - 460°C (Max) 


WORST CASE CURRENT DENSITY: 
1.07 x 10° A/em? 
LEAD TEMPERATURE (10 seconds soldering): < 300°C 


Substrate Potential: VDD 


Metallization Mask Layout 
HS-6508RH 
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Gt FARRIS 


SEMICONDUCTOR 


HS-6551RH 


Radiation Hardened 
December 1992 256 x 4 CMOS RAM 


Features | Pinouts 


¢ Functional Total Dose 2 x 104 RAD(Si) 

¢ Latch-Up Free To > 5.0 x 10'' RAD(Si)/s 
Data Upset > 10° RAD(Si)/s 

Low Standby Power 550u.W Max. 

e Low Operating Power 22mW/MHz Max. 
Fast Access Time 300ns Max. 160ns Typ. 
¢ TTL Compatible Outputs 

° High Output Drive - 1 TTL Loads 

¢ High Noise Immunity 

e On-Chip Address Register 

e Three-State Outputs 

e 22 Pin Package for High Density 

¢ Military Temperature Range -55°C to +125°C 


Description 


The HS-6551RH is a 256 by 4 static CMOS RAM fabricated using 
the Harris radiation hardened self-aligned silicon gate technology. 
Synchronous circuit design techniques are employed to achieve 
high performance and low power operation. Latch-up free opera- 
tion is achieved by the use of epitaxial starting material to eliminate 
the parasitic SCR effect seen in conventional bulk CMOS devices. 


On-chip latches are provided for addresses, and data outputs 
allowing efficient interfacing with microprocessor systems. The 
data output buffers can be forced to a high impedance state for use 


HS1-6551RH 22 PIN CERAMIC DIP 
CASE OUTLINE D7, CONFIGURATION 3 


TOP VIEW 


[en [ BeScRrTON 
aC 
TS [erp seect 
8 [Patreut 
e [pate ount 


HS9-6551RH 22 PIN FLATPACK 
INTERNAL PACKAGE CODE “HRE” 


; 0 11 12 13 v”) 
in expanded memory arrays. : = 
The HS-6551RH is a fully static RAM and may be maintained in 2 
any state for an indefinite period of time. ul 
= 

Functional Diagram 
a\T- ry ALL LINES POSITIVE LOGIC-ACTIVE HIGH 

A1Q THREE STATE BUFFERS: 

A2a 32 x 32 CHIGH—— OUTPUT ACTIVE 

A3C ATAU DATA LATCHES: 

A4a CHIGH—- Q=D 


| ” 
p20 LT GATED COLUMN © a2 
tl DECODER 
4 AND DATA VO 2 Q3 
0 a4 
SELECT LATCH: 
CLOW—Q=D 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. 
Copyright © Harris Corporation 1992 
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Handling Procedures. 


Q LATCHES ON FALLING EDGE OF C 


Q LATCHES ON RISING EDGE OF C 


ADDRESS LATCHES AND DECODERS 
LATCH AND GATE ON RISING EDGE OF C 


File Number 3027 


Specifications HS-6551RH 


Absolute Maximum Ratings 


Supply Voltage (VDD). ....... 0. cee eee e cnc ceaee -0.3 to +7.0V 
Input, Output or I/O Voltage ........ ...- GND-0.3V to VDD+0.3V 
Storage Temperature Range ..............65 -65°C to +150°C 
Junction Temperature...... bakd haw Goan wit ed Crareiam meen +175°C 
Lead Temperature (Soldering 10s).........cecceeceees +300°C 
Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP 
ESD Classiticalion is5 sscd sedicnawen 645505 te oe sales Class 1 


Reliability Information 


Thermal Resistance ..........0eeeeeee Oia 6. 
Ceramic DIP Package .........-...-- 73.9°C/WW 11.2°CW 
Ceramic Flatpack Package ........... 69.8°C/W 12.2°C/W 

Maximum Package Power Dissipation at +125°C 
Ceramic DIP Package .......... cece cece cece ccc ceeee 0.67W 
Ceramic Flatpack Package .........cccesccsscsccees 0.72W 

Gale Count aes constant ee eee s ese sees oes 1841 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............. eee eens +4.5V to +5.5V 
Operating Temperature Range................ -55°C to +125°C 


PARAMETER SYMBOL 


Standby Supply Current IDDSB 10 = 0, Vi = VDD or GND 


Input Leakage Current 
Output Leakage Current 


Output High Voltage 


Output Low Voltage 


Input High Voltage. 
Input Low Voltage 


NOTE: 


Operating Supply Current (Note 1) IDDOP f = 1MHz, 10 = 0, Vi = VDD or GND 


1. Operating Supply Current (IDDOP) is proportional to Operating Frequency. Example: Typical IDDOP = 1.5mA/MHz 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER SYMBOL 


Address Hold Time TELAX 
Chip Select 2 Hold Time TELS2X 
Data Setup Time TDVWH 
Data Hold Time TWHDX Note 1 
Chip Enable Write Pulse Setup Time TWLEH 


i 
Chip Select 2 Setup Time TS2LEL 
i 

Chip Select 1 Write Pulse Hold Time TS1LWH 


TWLWH 


Write Enable Pulse Width 


NOTE: 


Chip Select 1 Write Pulse Setup Time TWLS1H 


| Nott 
Chip Enable Write Pulse Hold Time TELWH |Notei = si 


Note 1 . 


LIMITS 


NTN 


1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and 50pF. All timing measurements at '/. VDD. 
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Specifications HS-6551RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Guaranteed, but not tested) 


CONDITIONS 


VI = VDD or GND, f = 1MHz 
Vil= f= 


VDD or GND, f = 1MHz 


1. Inputs - TRISE = TFALL < 20ns; Outputs - 1 TTL load and S50pF. All timing measurements at '/, VDD. 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS 
DC PARAMETER SYMBOL CONDITIONS - TEMPERATURE 


Stand By Current IDDSB VDD =5+0.5V ee ee oe 


NOTE: 
1. Based on the average of the entire sample. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


TABLE 6. APPLICABLE SUBGROUPS 


oe <a a a Ae 
[ewe Onteran | Sareseus [wad 
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MEMORIES 


HS-6551RH 


Timing Waveforms 


TELAX 
TAVEL ————- 
APA, AS SSS Sa c) S99 SIO IOI DSS ICC SOOO COC COC x ; 
A SEREKKKKRK KKK KIKI oetee RK KKK KKK KKK RKO @ NEXT 
4 
2.0.0.0 .6.0.6.0.0- '@ 0.6.0.0. o. C 
a 
E 
a 
EXEEREESESEREEEE SS ARE RRRERESERERESESVIS SSSR SSVVRE » 
$2 aVetetatetatetatetatetatetetcsteteteletestetetetetatelateletetetatetetets eostetatetatetetetetatetatetetetetetes 
D zs 
TELQV 
TAVQV 
: ta % ; IIR 
“ereteretetatetetetetetere 
0600000000010 .0 20002000102 02000 000004 O08 VALID OUTPUT 0202000000000 
: ssestetetatetetatatetetateteteteteteg RBI 
| ~<—— TSILOX y x HOZ 
\N \ 
= VT. NNN KIN“ 
$1 ' 
- HIG 
W H 
TIME 
REFERENCE 


“1 0 1 2 3 4 5 


TRUTH TABLE 


FUNCTION 


| Output Enabled but Undefined 
Data Output Valid . 
Outputs Latched, Valid Data 


The HS-6551RH Read Cycle is initiated by the falling edge The HS-6551RH has output data latches that are controlled 
of E. This signal latches the input address word and S2 into _ by E. On the rising edge of E the present data is latched and 
on chip registers providing the minimum setup and hold remains in that state until E falls. Either or both S1 or S2 may 
times are met. After the required hold time, these inputs may be used to force the output buffers into a high impedance 
change state without affecting device operation. S2actsasa__ state. — . 

high order address and simplifies decoding. For the output to 

be read, E, S1 must be low and W must be high. S2 must 

have been latched low on the falling edge of E. The output 

data will be valid at access time (TELQV). 
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HS-6551RH 


Timing Waveforms (Continued) 


SOKO OOK IOI i EPSON 
BD LESS SOIR a VALID ESOS KR RRR RK KK KKK KKK KKK KOK KNIT <i NEXT 
OS oo SOG 0.4. 0.0.@. ° 


0,0, 0,0, 0,0, 0,0, 0,0, 
86545050 OY %' 


//M NNN aie AMIN 
= WYjNU TWLS1H , WTI. 


TIME 
REFERENCE 


In the Write Cycle the falling edge of E latches the 
addresses and S2 into on chip registers. S2 must be latched 
in the low state to enable the device. The write portion of the 
cycle is defined as E, W, S1 being low and S2 being latched 
low simultaneously. The W line may go low at any time 
during the cycle providing that the write pulse setup times 
(TWLEH and TWLS1H) are met. The write portion of the 
cycle is terminated on the first rising edge of either E, W, or 
$1. 


Ifa series of consecutive write cycles are to be executed, the 
W line may be held low until all desired locations have been 
written. If this method is used, data setup and hold times 
must be referenced to the first rising edge of E or S1. By 


INPUTS OUTPUTS 
pets |etwtalo} «a FUNCTION 


Memory Disabled 
Cycle Begins, Addresses and S2 are Latched 


positioning the write pulse at different times within the E and 
S1 low time (TELEH), various types of write cycles may be 
performed. If the S1 low time (TS1LS1H) is greater than the 
W pulse plus an output enable time (TS1LQX), a combina- 
tion read-write cycle is executed. Data may be modified an 
indefinite number of times during any write cycle (TELEH). 


The HS-6551RH may be used on a common I/O bus structure 
by tying the input and output pins together. The multiplexing is 
accomplished internally by the W line. In the write cycle, when 
W goes low, the output buffers are forced to a high impedance 
state. One output disable time delay (TWLQZ) must be 
allowed before applying input data to the bus. 
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HS-6551RH 


Burn-In Circuits 


7V 
© VDD CROWBAR 


ee 
Fhe 
ae aa SaAia 


R2 


eMC CHESTS Sa 


ss 
a 


STATIC CONFIGURATION . DYNAMIC CONFIGURATION 
NOTES: -NOTES: . 
VDD = 5.0V + 10% All resistors are +20%, 1/4W 
IDD + 1.5mA : Use-standard crowbar circuit with +7V zener diode ~ 
Ri = 100K 50% Duty Cycle square wave 
R2 = 10k IDMAX = 8mA/part 
Minimum Ambient Temperature = +125°C VIH = 4.0V, VIL = 0.8V 


IL=+1nA, CIN = 10pF 
fO0 = 500KHz; fi = f0/2; f2 = f1/2; ...f10= (9/2 


Irradiation Circuit 


EB 
22 


ak 
wh 


NOTES: | 

VDD =5V 

GND = 0V. 

All Inputs = 5V 

All Q outputs float open | 
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HS-6551RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 | 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 

Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris' Option) 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 


Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: — 
1. 


2 
3. 
4 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 


Burn-in Delta Calculation (TO - T2) 


PDA Calculation 3% Subgroup 7 . 
5% Subgroups 1, 7, A 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% - 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 


External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 

. These steps are optional, and should be listed on the individual purchase order(s), when required. 

Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 

. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 


for illegible markings criteria of Method 1010, paragraph’3.3 and of Method 1004, paragraph 3.8.a'shall not apply. 


5. Data package contains: 


Assembly Attributes (post seal) 
Test Attributes (includes Group A) - 
Shippable Serial Number List 


Harris -8 Product Flow 


Internal Visual Inspection. 

Gamma Radiation Assurance Tests Method 1019 

Customer Pre-Cap Visual Inspection (Note 1) 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 
. These steps are optional, and must be negotiated as part of order. 


ond, 


‘-8' Data package contains: 

Assembly Attributes (post seal) 

Test Attributes (includes Group A) 

Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 


Radiation Testing Certificate of Conformance . 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 

Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) - 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


Group B and D data package contains Attributes Data plus Variables Data. 
Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
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HS-6551RH 


Metallization Topology 


DIE DIMENSIONS: 


Material: Si-Au Eutectic Alloy . - 


DIE ATTACH: 


Die Size: 132 x 160 mils 
Die Thickness: 14 +1 mils 


Braze Seal Flatpack- 460°C + 10°C (Max). 


WORST CASE CURRENT DENSITY: 5.8 x 10* A/cm? 


Temperature: Sidebrazed Ceramic DIP : 460°C+1 0°C (Max) 
SUBSTRATE POTENTIAL: VDD — 
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Metallization Mask Layout 


HS-6551RH 
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FARRIS 


SEMICONDUCTOR 


HS-6664RH 


ADVANCE INFORMATION Radiation Hardened 


December 1992 8K x 8 CMOS PROM 
Features Pinouts 
e 1.2 Micron Radiation Hardened Bulk CMOS 28 PIN CERAMIC DIP 
6 CASE OUTLINE D10, CONFIGURATION 3 
e Total Dose 3 x 10° RAD (Si) TOP VIEW 


° Transient Output Upset >1 x 10° RAD (Si)/s 
e Single Event Upset < 1 x 107° Errors/Bit-Day 
e Fast Access Time 50ns 

e Single 5V Power Supply 

e Single PUlse 10V Field Programmable 

e Synchronous Operation 

On-Chip Address Latches 

Three-State Outputs 

e NiCr Fuses 

e Low Standby Current <500mA (Pre-Rad) 

e Low Operating Current <30mA/MHz 

¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-6664RH is a radiation hardened 64K 
CMOS PROM, organized in an 8K word by 8-bit for- 
mat. The chip is manufactured using a radiation 
hardened CMOS process, and utilizes synchronous 
circuit design techniques to achieve high speed 


28 PIN FLATPACK 


performance with very low power dissipation. CASE OUTLINE F11A, CONFIGURATION 2 
On-chip address latches are provided, allowing easy TOP VIEW 0 
interfacing with microprocessors that use a Lu 
multiplexed address/data bus structure. The output NC oc 
enable control (G) simplifies system interfaceing by | 412 g 
allowing output data bus control in addition to the chip Af uu 
enable control (E). All bits are manufactured storing a ne = 
logical “O” and can be selectively programmed for a ics 
logical “1” at any bit location. ‘ 
Applications for the HS-6664RH CMOS PROM include A2 
low power microprocessor based instrumentation and Al 
communcations systems, remote data acquisition and AO 
processing systems, and processor control store. pao 

pat 

DQ2 

GND 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3197 
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Functional Diagram 
MSB 
A12 
Alt , 
. LATCHED GatepRow | 7 256 X 256 
DORESS DECODER MATRIX | 
A7 REGISTER 10F8 
AG 
AS | | 
Pc ; | ! 
|) GATED COLUMN DECODER Rey - 
Lik oe PROGRAMMING, AND DATA Be. 2 Q0-Q7 
OUTPUT CONTROL 
Nee ontet eee 
. - as 
LATCHED ADDRESS 


REGISTER 


MSB . LSB 


AS ASs—‘iCAsi“‘<i‘iSC;‘CA 
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aw HARRIS HS-6617RH 


Radiation Hardened 


December 1992 j | 2K x 8 CMOS PROM 
Features Pinouts 
¢ Total Dose 1 x 10° RAD (Si) 24 PIN BRAZE SEAL DIP 
- CASE OUTLINE D3, CONFIGURATION 3 
e Latch-Up Free >1 x 10'* RAD (Si)/s i ‘TOP VIEW 


e Field Programmable 

e Functionally Equivalent to HM-6617 _ 

e Pin Compatible with Intel 2716 

¢ Low Standby Power 550uW Max. 

¢ Low Operating Power 137.5mW/MHz Max. 
¢ Fast Access Time 100ns Max. | 

e TTL Compatible Inputs/Outputs 

e Synchronous Operation 

¢ On Chip Address Latches 

¢ Three-State Outputs 


e Nicrome Fuse Links 
¢ Easy Microprocessor Interfacing 


e Military Temperature Range -55°C to +125°C 
24 PIN FLATPACK CARRIER 


wee . . CASE OUTLINE F6A, CONFIGURATION 2 
Descr ipti on TOP VIEW 


The Harris HS-6617RH is a radiation hardened 16K CMOS PROM, 
organized in a 2K word by 8-bit format. The chip is manufactured 
using a radiation hardened CMOS process, and is designed to be 
functionally equivalent to the HM-6617. Synchronous circuit design 
techniques combine with CMOS processing to give this device high 
speed performance with very low power dissipation. 


) 
uu 
cc 
Oo 
= 
uu 
= 


on oath |W AD\— 


On chip address latches are provided, allowing easy interfacing with 
recent generation microprocessors that use multiplexed address/data 
bus structure, such as the HS-80C85RH or HS-80C86RH. The output 
enable control (G) simplifies microprocessor system interfacing by 
allowing output data bus control, in addition to, the chip enable 
control. Synchronous operation of the HS-6617RH is ideal for high 
speed pipe-lined architecture systems and also in synchronous logic 
replacement functions. 


Applications for the HS-6617RH CMOS PROM include low power 
microprocessor based instrumentation and communications systems, 
remote data acquisition and processing systems, processor control 
store, and synchronous logic replacement. 


Ten | _vEScRPTION 
To foam ou 
Co 


Program Enable (P Hardwired to VDD, 
except during programming) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3033 
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_ Functional Diagram 
mie 0 MSB 
AI O | 7 ZA 
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HS-6617RH 


128 x 128 
MATRIX 


28 
E ie“be “re/\16tie“s “he” 16 
GATE COLUMN 


DECODER 
PROGRAMMING, & DATA 
OUTPUT CONTROL 


8 
as 


aa AS A2 Ati AO 
ALL LINES POSITIVE LOGIC: ADDRESS LATCHES & GATED DECODERS: 
ACTIVE HIGH LATCH ON FALLING EDGE OF E 
THREE STATE BUFFERS: GATE ON FALLING EDGE OF G 


AHIGH —> OUTPUT ACTIVE 


TRUTH TABLE 


Enabled 


X 


Disabled 
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P = HARDWIRED TO VDD EXCEPT DURING PROGRAMMING — 


Specifications HS-6617RH 


Absolute Maximum Ratings 
Supply Voltage ( All Voltages Reference to Device GND) . .. .+7.0V 


Input or Output Voltage 

Applied for All Grades. .............2.2.: GND-0.3V to VDD+0.3V 
Storage Temperature Range ................ -65°C to +150°C 
Junction Temperature... 0... cece cece eens +175°C 
Lead Temperature (Soldering 10S)........... cee eevee +300°C 
ES) ClassificallOn 2 iv. oa.d aa cane eee See nee Class 1 


Reliability Information 


Thermal Resistance Oia Bic 
Braze Seal DIP Package............. 56°C/W12°C/W 
Braze Seal Flatpack Package ......... 91.3°C/\W = 11°C/W 

Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Package. ....... cc cece eee ee cece ceee 0.89W 
Braze Seal Flatpack Package ............ce eee eeeee 0.55W 

Gate COUN <2. sector wares esas ole td uleg Seo erates 5473 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational.sections of this specification is not implied. : 


Operating Conditions 


Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V 
Operating Temperature Range (Ta) ..........4- -55°C to +125°C 


Input Low Voltage (VIL)......... hesilta cei eso to-laPacteaR coostalte OV to +0.8V 
Input High Voltage (VIH).... 2... ccc eee ee wees +2.4V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS. 


Device Guaranteed and 100% Tested. 


Low Level Output VOL VDD = 4.5V, 10 = 4.8mA 
Voltage . 
High Impedance Output 1OZ VDD = 5.5V, G=5.5V, 
Leakage Current . 


VI/O = GND or VDD 


Input Leakage Current VDD = 5.5V, VI = GND or 
VDD, P Not Tested 

Standby Supply Current IDDSB_ | VDD = 5.5V, lO = OmA, 
Vi = VDD or GND 


NOTE: 
1. All voltages referenced to device GND. 
2. All tests performed with P hardwired to VDD. 
3. Typical derating = 20mA/MHz increase in IDDOP. 


(NOTES 1, 2) GROUP A 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
High Level Output VOH1 | VDD =4.5V, IO = -2.0mA Mice “55°C $ Ty S$ +125°C cee | 
Voltage : 


Operating Supply IDDOP. | VDD =5.5V, G = GND, 
Current (Note 3), f = 1MHz, 
lO = OmA, VI = VDD or GND 
Fr 


VDD = 4.5V (Note 4) 7, 8A, 8B -55°C < Ty S$ +125°C 


LIMITS 


Ho ail 
a 55°C < Ty s +125°C | -10.0 hi 
Sl and 
ae | ee < Tas +125°C 


“55°C < Ty $ +125°C 


4. Tested as follows: f = 1MHz, VIH = 2.4V, VIL = 0.8V, IOH = -1mA, IOL = +1mA, VOH 2 1.5V, VOL < 1.5V. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Device Guaranteed and 100% Tested. 


(NOTES 1, 2, 3) 
CONDITIONS 


Address Hold Time 


Y92 LIMITS 
GROUP A 
SUBGROUPS 
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Specifications HS-6617RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


Device Guaranteed and 100% Tested. . 
| LIMITS 
(NOTES 1, 2, 3) GROUP A - 
TEMPERATURE Mun | MAX | UNITS 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS 


Chip Enable Low Width TELEH VDD =4.5V and5.5V} 9, 10, 11 -55°C < Ty $ +125°C } 120] - | ns | 
Chip Enable High Width TEHEL VDD = 4.5V and 5.5V 9, 10, 11 -55°C < Ta $ +125°C p40 f= | ons 
‘Read Cycle Time TELEL VDD = 4.5V and 5.5V 9, 10, 11 -55°C < Ta < +125°C 160] - | ns | 


NOTES: = 
_ 1. All voltages referenced to device GND. 


2. AC measurements assume transition time < 5ns; input levels = 0.0V to 3.0V; timing reference levels = 1.5V; output load = 1 TTL equivalent 
load and CL 2 5OpF. 


3. All tests performed with P hardwired to VDD. — 
4. TAVQV = TELQV + TAVEL. 


- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS, AC AND DC 


Input Capacitance VDD = Open, f=1MHz | Ta = +25°C a 
I/O Capacitance VDD = Open, f = 1MHz Ta = +25°C fe! 
Chip Enable Time TELOX' | VDD = 4.5V and 5.5V 5CSTSH125°C | 5 


Lee | 
cue 
as 
OuputEnablaTine | TELOX |vOD=4eVandssv | 3. | secs Ts+126°0 | 
pa] 
Pel 
| 3 | 


Chip Disable Time TEHQZ | VDD=4.5Vand5.5V -55°C < Ta < +125°C 

Output Disable Time TGHQZ | VDD = 4.5V and 5.5V -55°C s Ta Ss +125°C 

Output High Voltage VOH2 VDD = 4.5V, IO = 100pA -55°C < Ta S$ +125°C 
NOTES: . ; 


1. All measurements referenced to device GND. 
2. All tests performed with P. hardwired to VDD. 


3. The parameters .listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design and-after design or process changes which would affect these characteristics. | 


TABLE 4. POST 100K RAD AC AND DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: -All AC and DC parameters are tested at the +25°C pre-irradiation limits. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


| PARAMETER | SYMBOL | —_DELTALIMITS | 
~ | Standby Supply Current IDDSB 


_| Output High Voltage H + 400mV 
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TABLE 6. APPLICABLE SUBGROUPS 


fares tomes 
oe 


Timing Waveform 


READ CYCLE 
: TAVQV 
SOKO LK RK OOO IK OIC KOI IKON 3.0V 
BSS | 4 SY S PLATAN P sretateteteterstetetetetetetetetetonnereteteratetstoveretecerereee, 
reretecenocerecererecerenee\ Aaa : SSS SOR ILRI IR OI KON VALID 
raretererererererecerere.6. VALID ereretereteree ere NOUCCNEMOOEOCHOMO TOOTS, 
POSSESS OC S505 HRC OKO ADDRESSES 
SOROS ADDRES SO eseetaleleetetehoteteleletetetetetetgtgtgtetg? 
Metereteterererereterere se! Ml Im Uniantathhintel AID Se%eetetetetetelererere eratetete cele el eee ee eee! ov - 
ADDRESSES 
1.5V 1.5V 1.5V 
L cmead 
E OV Ww 
TEHEL — TEHQZ uu 
aa 
~ o 
G 3.0V oO 
1.5V Lu 
ov = 
TELQX OS OcOs0 es 
DATA S396 VALID 
OUTPUT DATA TS 
Qo = Q7 o,' 
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HS-6617RH 


Burn-In Circuits 


HS-6617RH 24 PIN BRAZE SEAL DIP ANDFLATPACK © HS-6617RH 24 PIN BRAZE SEAL DIP AND FLATPACK 
fb ba ee 
1 VDD - VDD 
2 -VDD : F114 
3. VDD Fi2 
4 VDD VDD 
5 VDD F1 
6 VDD F13 
7 VDD FO: 
8 
Bs 
OY OY 
STATIC CONFIGURATION ; DYNAMIC CONFIGURATION 
NOTES: 3, me NOTES: 
VDD = 6.0V + 0.5V | | VDD = 6.0V + 0.5V 
C1 = 0.01p1F (Min) e 3 : VIH = 4.5V+ 10% 
All Resistors = 47kQ + 5% VIL = 6V (Max) 
Y =2.7V + 10% C1 = 0.01,F (Min) 


All Resistors = 47kQ + 5% 

FO = 100KHz + 10%, 40 - 60% duty cycle 
Fi =FO0/2...F13=F12/2 

Y =2.7V+ 10% 


Irradiation Circuit | | 
HS-6617RH 24 PIN FLATPACK 


NOTES: 


Power Supply: VDD = 5.5V 
All Registors = 47KQ 


8-144 


HS-6617RH 


Harris - Space Level (-Q) Product Flow (note 1) 


SEM - Traceable to Diffusion Method 2018 
Wafer Lot Acceptance Method 5007 
Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests (Harris’ Option) 
Serialization 
X-Ray Inspection Method 2012 
Electrical Tests - Subgroup 1; Read and Record (TO) 
Static Burn-In Method 1015, Condition B, 72 Hrs, +125°C Min. 
Interim 1 Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO -T1) 
PDA Calculation 3% Subgroup 7 

5% Subgroups 1, 7, A 
Dynamic Burn-In Method 1015, Condition D, 240 Hrs, +125°C 
(Note 3) 
Interim 2 Electrical Tests - Subgroup 1; Read and Record (T2) 


NOTES: 
1. 


2 
3. 
4 


. Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Harris -8 Product Flow 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method. 1019 

Customer Pre-Cap Visual Inspection (Note 1) — 

Temperature Cycling Method 1010, Condition C 

Fine and Gross Leak Tests Method 1014 | 

Constant Acceleration Method 2001 Y1 30KG 

Initial Electrical Tests 

Dynamic Burn-In Method 1015, Condition D, 160 Hrs, +125°C 
+25°C Electrical Tests - Subgroups 1, 7, 9 


NOTES: 
. These steps are optional, and must be negotiated as part of order. 


and 


. ‘-8' Data package contains: 
Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Radiation Testing Certificate of Conformance 
Certificate of Conformance (as found on shipper) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; Para 
3.5.1.1 
Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 
Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Para 3.5.1.1 


Gross Leak Tests Method 1014, 100% 
Fine Leak Tests Method 1014, 100% 
Customer Source Inspection (Note 2) 
Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: B-5 - Subgroups 1, 2, 3, 
7, 8A, 8B, 9, 10, 11; B-6 - Subgroups 1, 7, 9 
Group D Inspection Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: Subgroups 1, 7, 9 
External Visual Inspection Method 2009 
Data Package Generation (Note 5) 


The notes of Method 5004, Table 1 shall apply; Unless Otherwise Specified. 
. These steps are optional, and should be listed on the individual purchase order(s), when required. . 
Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015. 


. For Group D, Subgroup 3 inspection of package configurations which utilizes a gold plated lid in its construction; the inspection criteria 
for illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


Radiation Testing Certificate of Conformance 

Wafer Lot Acceptance Report (Including SEM Report) 
X-Ray Report and Film 

Test Variables Data 


MEMORIES 


PDA Calculation 5% Subgroups 1, 7 
Electrical Tests +125°C, -55°C — 
Group A Inspection Method 5005. 5% PDA (Note 3) 


Brand 


Customer Source Inspection (Note 1) 
Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


. Group B and D data package contains Attributes Data plus Variables Data. 
. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
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HS-6617RH 


Metallization Topology 


DIE DIMENSIONS: “DIE ATTACH: | 
164 x 250 x 19 +1mils | —— Material: SI - Au Eutectic Alloy 
. = Temperature: Ceramic DIP - 460°C (Max) 
METALLIZATION: | —_ 2 AEN). 
Type: Silicon-Aluminum - Braze Seal Flatpack - 460°C (Max) 
Thickness: 13kA + 2kA —— | _ WORST CASE CURRENT DENSITY: 


) 5 2 
GLASSIVATION: 1x10°A/cem* 7 


Type: SiO, - SUBSTRATE POTENTIAL: VDD ~ 
Thickness: 8kA + 1kA 


Metallization Mask Layout 
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[ee ~ HS-6617RH 


DESIGN INFORMATION 


December 1992 


2K x8 CMOS PROM 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information only. No guarantee is implied. 


Background Information HS-6617RH Programming | 
PROGRAMMING SPECIFICATIONS : 


. | VIL 


Voltage "1" VIH VDD-2 VDD+0.3 
Programming VDD | VDDPROG 


NOTES 


oe) 
oO 
@ 
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0 
Oo 
< 
0 
f 
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MEMORIES 


Output Pull-Up Resistor 
Ambient Temperature 


fe] ate fe] =f fe]=tsf] <|<]-]< 


1. All inputs must track VDD (pin 24) within these limits. 

2. VDDPROG must be capable of supplying 500mA. VDDPROG Power Supply tolerence +3% (Max.) 
3. See Steps 22 through 29 of the Programming Algorithm. 

4. See Step 11 of the Programming Algorithm. 

5. All outputs should be pulled up to VDD through a resistor of value Rn. 

6. Except during programming (See Programming Cycle Waveforms). 
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HS-6617RH 


DESIGN INFORMATION ccontinuecy 


The information contained in this section has been developed through characterization by Harris. Semiconductor and is for use as 


~ application and design information only. No guarantee is implied. 


Background Information Programming 


The HS-6617 CMOS PROM is’ manufactured with all bits 
containing a logical zero (output low). Any bit can be 
programmed selectively to a logical one (output high) state 


by following the procedure shown below. To accomplish this, 
a programmer can be built that meets the specifications 


shown, or use of an approved commercial programmer is 


recommended. 
PROGRAMMING SEQUENCE OF EVENTS 
1. Apply a Voltage of VDD1 to VDD of the PROM. 


13. 
14. 
15. 


16. 


Apply a voltage of VIH to P (pin 21). 
After a delay of td, apply a voltage of VIL to G (pin 20). 


After.a delay of td, examine the outputs for correct data. If any 
location verifies incorrectly, it should be considered a program- 
ming reject. 


Repeat steps 3 through 15 for all other bits to be programmed in 


the PROM. 


POST-PROGRAMMING VERIFICATION 


17. 


2. Read all fuse locations to verify that the PROM is blank (output 


low). 


18. 


- 3. Place the PROM in the initial state for programming: E = VIH, 


P = VIH, G= VIL. 


4. Apply the correct binary address for the word to be programmed. 


No inputs should be left open circuit. 


19. 
20. 


5. After a delay of td, apply voltage of VIL to E (pin 18) to access the 


Place the PROM in the post-programming verification mode: 
E = VIH, G = VIL, P = VIH, VDD (pin 24) = VDD1. . 


Apply the correct binary address of the word to be verified to the 
PROM. 
After a delay of td, apply a voltage of VIL to E (pin 18). 


After a delay of td, examine the outputs for correct data. If any . 
location fails to verify correctly, the PROM should be considered 
a programming reject. 


addressed word. 21. Repeat steps 17 through 20 for all possible programming 

6. The address may be held through the cycle, but must be held_ locations. 
valid at least for a time equal to td after the falling edge of E. POST-PROGRAMMING READ 
None of the inputs should be allowed to float t invalid logi 
pele . owed fo Moat to an invalid 'og 59. Apply a voltage of VOD2 = 4.0V to VDD (pin 24). 

7. After a delay of td, disable the outputs by applying a voltage of 29: After a delay of td, apply a voltage of VIH to E (pin 18). 

~_ -VIH to G (pin 20). 24. Apply the correct binary address of the word to be read. 
-. 8. After a delay. of td, apply voltage of VIL to P (pin 21). 25. After a delay of TAVEL, apply a voltage of VIL to E (pin 18). 

9. After delay of td, raise VDD (pin 24) to VDDPROGwitharisetime 26. After a delay of TELQV, examine the outputs for correct data. If 
of tr. All outputs at VIH should track VDD within VDD-2.0V to any location fails to verify correctly, the PROM should be consid- 
VDD+0.3V. This could be accomplished by pulling outputs at ered a programming reject. 

VIH to VDD through pull-up resistors of value Rn. 27. Repeat steps 23 through 26 for all address locations. 
10. After a delay of td, pull the output which corresponds to the bitto 28, Apply a voltage of VDD2 = 6.0V to VDD (pin 24). 

el i loys Ply one PIE sriouid be programmed ala 29. Repeat steps 23 through 26 for all address locations. 
11. Aftera delay of tpw, allow the output to be pulled to VIH through oe 

pull-up resistor Rn. 
12. After a delay of td, reduce VDD (pin 24) to VDD1 with a fall time 


of tf. All outputs at VIH should track VDD with VDD-2.0V to 
VDD+0.3V. This could be accomplished by pulling outputs at 


VIH to VDD through pull-up resis- tors of value Rn. 
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HS-6617RH 


| DESIGN INFORMATION (Continued) 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 
application and design information only. No guarantee is implied. 


HS-6617RH PROGRAMMING CYCLE 


= 


PROGRAMMING] —————________—_—————r—— VERIFY —-____—_ > 


A tl 


oI mi 
= 
x 


i] | 
< 
= 


LOL | READ DATA 


HS-6617RH POST PROGRAMMING VERIFY CYCLE 


VIH ot ” 
A uJ 
TAVEL TEHEL TEHEL O 
= 
uJ 
VIL 
TEHEL td . td 
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SERIAL COMMUNICATIONS DATA SHEETS 


HS-245RH Radiation Hardened Triple Line Transmitter................. Livia Beatin ahaa aac e aaa a 9-3 
HS-246RH, Radiation Hardened Triple Line Receivers. ......... cece eee eee eee tenes 9-3 
HS-249RH 

HS-248RH Radiation Hardened Triple Party-Line Receiver...... ok ei ti Rawat Ae arb Se erate eres 9-3 
HS-15530RH Radiation Hardened CMOS Manchester Encoder-Decoder .............0.cs eee eens 9-16 
HS-26C31MS Radiation Hardened Quad Differential Line Driver........ 0.0.0... 0. ccc ce eens 9-30 
HS-26C32MS Radiation Hardened Quad Differential Line Receiver ......... 0... cee eee ee eee 9-38 
HS-26CT31MS Radiation Hardened Quad Differential Line Driver............. 2... cee eee eee eee ; 9-45 
HS-26CT32MS Radiation Hardened Quad Differential Line Receiver ........ 0... cee eee ee eee 9-53 
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Features 


HS-245RH 


RADIATION HARDENED TRIPLE LINE TRANSMITTER 


HS-246RH, HS-249RH 


RADIATION HARDENED TRIPLE LINE RECEIVERS 


HS-248RH 


RADIATION HARDENED TRIPLE PARTY-LINE RECEIVER 


Pinouts 


e Radiation Hardened DI Processing 
- Total Dose (7) 2 x 10° Rads (Si) 
- Transient Upset (7) Upset 1 x 10° Rads (Si)/s 
- Latchup Free 
- Neutron Fluence 5 x 10'? N/cm2 
e Replaces HD-245/246/248/249 
¢ Current Mode Operation 
¢ High Speed 15MHz with 50 Foot Cable; 2MHz with 1000 Foot Cable 
¢ High Noise Immunity | 
e Low EMI Generation . 
e Low Power Dissipation 
e High Common Mode Rejection 
e Transmitter and Receiver Party Line Capability 


e Tolerates -2.0V to +20.0V Ground Differential (Transmitter with Respect 
to Receiver) 


¢ Transmitter Input/Receiver Output TTL/DTL Compatible 


Description 


The HS-245RH/246RH/248RH/249RH radiation hardened triple line transmitter 
and triple line receivers are fabricated using the Harris dielectric isolation pro- 
cess. These parts are identical in pinout and function to the original HD-245/246/ 
248/249. They are also die size and bond pad placement compatible with the 
original parts for those customers who buy dice for hybrid assembly. 


Each transmitter-receiver combination provides a digital interface between sys- 
tems linked by 100Q twisted pair, shielded cable. Each device contains three cir- 
cuits fabricated within a single monolithic chip. Data rates greater than 15MHz 
are possible depending on transmission line loss characteristics and length. 


The transmitter employs constant current switching which provides high noise 
immunity along with high speeds, low power dissipation, low EMI generation and 
the ability to drive high capacitance loads. In addition, the transmitters can be 
turned “off” allowing several transmitters to time-share a single line. 


Receiver input/output differences are shown in the table: 


The internal 100V cable termination consists of 502 from each input to ground. 


HS-248RH “party line” receivers have a Hi-Z input such that as many as ten of 
these receivers can be used on a single transmission line. 


Each transmitter input and receiver output can be connected to TTL and DTL 
systems. When used with shielded transmission line, the transmitter-receiver 
system has very high immunity to capacitance and magnetic noise coupling 
from adjacent conductors. The system can tolerate ground differentials of -2.0V 
to +20.0V (transmitter with respect to receiver). 


These parts are available in Class B or Class S processing. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


Copyright © Harris Corporation 1992 9.3 


HS9-245RH 14 PIN FLATPACK 
HS1-245RH 14 CERAMIC DIP 
CASE OUTLINE D1, CONFIGURATION 3 

TOP VIEW , 


1 INPUT | 1 | 


1 INPUT = ee 
1 OUTPUT | 6 Z 
SUBSTRATE 

GND 


HS9-245RH/248RH/249RH 14 PIN FLATPACK 
HS1-246RH/248RH/249RH 14 PIN CERAMIC DIP 
CASE OUTLINE F-2A CONFIGURATION 2 

TOP VIEW 


14] VCC R1 & R2 


13} VCC R3 


2 

12} VEE Ri & R2 fe) 
f= 

VEE R3 a < 

10] OUTPUT R3 tn = 
INPUT (+) ” = 

: Oo 

| 8] INPUT (-) o 


FileNumber 3034 


_. Specifications HS-245RH 


- Absolute Maximum Rating _— Reliability Information 


Supply Voltage ..:..........2- Cec eeecesceesses O.5V to +10V Thermal Resistance Bia Gi. 
Output Voltage ...........006- -30V to 0.5V with respect to VCC Flatpack Package .............e008. 7T5°CIW 13°C 

* “InDUtVONEGS. sci40 ac ees po eee badeeeadees -0.5V to 10V Sidebraze DIP Package.............. 67°CWw—s« 16°C/W 
Storage Temperature Range ....... bosaan ated -65°C to +150°C | Maximum Package Power Dissipation at +125°C . 
Junction Temperature..............06- atbpiant says paesere +175°C —_- Flatpack Package ......... Se hhricatara. igen acca Slate aw oun 0.5W 
Lead Temperature (Soldering 10s)..........0.ceeeeees +275°C Sidebraze DIP Package......... cc cece ccc ee cee eeece 0.5W 
ESD Classification... < scsss0 eaiinacaas'e ds Le ie KES Class 1 Transistor Count ......... 0. cece ween nec e ev ecees eee 6 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range........... cece ee eees +4.5V to+5.5V Operating Temperature Range ................-55°C to +125°C 


GROUP A 
SUBGROUPS TEMPERATURE 


-55°C < Ty < +125°C 


IOUT VCC = 4.5V, 5.5V, Notes -55°C < Ta < +125°C 
“On” 1,2 


ON Output Current AIOUT | VCC =5.5V, Note 3 -5B°C < Ty < +125°C hens 


[Ma 
=e 


55°C < Ty < +125°C 


Unbalance 


NOTES: | - Lae = 
1. One input at GND, one input open, each output at GND. 
2. One input at 0.45V, one input open, each output at GND. 
3. Difference between $1 and $2 “ON” output data current. 
4. Each input at GND, one output at GND, ILIMIT > -100pA on output tested with -30V applied. 
5. One input of each transmitter at GND and the other input open. All six output lines at GND. 
6. All six input lines open, all six output lines at GND. | | 


TABLE 2. HS-245RH AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


_ ie oe ae LIMITS 
GRouPA [| , 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
Propagation Delay TPLH | VCC=4.5V,5.5V | 910,11 | -55°C <T,<+125°C eed od 
TPHL | : 


Specifications HS-246RH, HS-248RH, HS-249RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage (VCC). 2... cece cee eee eee eee -0.5V to+8.0V Thermal Resistance ; Big Qi 
Supply Voltage (VEE). ....... cee c ec ee wees -8.0V to +0.5V Flatpack Package .............eee0- 7T5°CIW ——s13°C/W 
Output Voltage ........ 2. eee eee eee Darna weevils -0.5V to +6.0V Sidebraze DIP Package.............. 67°C/w ~—s- 16°C/W 
INDUt VOWAGO mec Sees s Bee ES eee Wess as -1.0V to +1.0V Maximum Package Power Dissipation at +125°C 

INPUt CUEING tics dai ies 8 Ow Se Ore Ge wa Teaiee -25mA to +25mA Flatnack PaCkaQG:  6is.06 56 isis awek uw eG dase aCe 0.5W 
Output CUITO AE 6.9 titan cone tae eerie wie aie dae Wa ereraenereees 50mA Sidebraze DIP Package........ cece eee e eee cee ees 0.5W 
Storage Temperature Range ...............6- -65°C to+150°C Transistor Count .......... cece cece ce cee e cece eetaes 9 
Junction Temperature... .. 0. ccc ccc cece eee eee +175°C 

Lead Temperature (Soldering 10S)..............0c eens +275°C 

ESD Classificatlon<.. oes cbc oes as Hien eka ee 23 vow Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ra tings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range..............eeeeeee +4.5V to+5.5V Operating Temperature Range ..............-. -55°C to +125°C 


TABLE 1. HS-246RH, HS-248RH, HS-249RH DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
caaueA | | kiirs | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX UNITS 
Input Resistance VCC = 5.0V, VEE = -5.0V 1,2,3 -55°C < Ty < +125°C Q 
(HS-246RH & HS-249RH) 
Pullup Resistance VCC = 5.0V, VEE = -5.0V 1,2,3 -55°C < Ta < “125°C 
(HS-246RH & HS-249RH) 


Logical “1” Output VCC = 4.5V, VEE = -4.5, 
IOH = -120mA (HS-248RH & 


-55°C < Ty < +125°C 
Voltage . 


HS-249RH) Note 1 


VCC = 4.5V, VEE = -4.5, 
IOH = 9.6mA (HS-248RH & 
HS-249Rh) Note 2 


ih 
VCC = 4.5V, VEE = -4.5, -55°C < Ta < +125°C 
IOH = 10mA (HS-246) Note 2 


Logical “O” Output -55°C < Ty < +125°C 


Voltage 


Logical “O” Output Volt- | VOLSC | VCC =4.5V, VEE =-4.5, Ta = +25°C 
age, Input Short Circuit IOL = 3.2mA, Note 3 


VCC = 5.5V, VEE = -5.5V Ta = +25°C 

(HS-246RH) Note 4, 5 
VCC = 5.5, VEE = -5.5V Ta = +25°C 
(HS-248RH & HS-249RH) 
Note 4, 5 
VCC = 5.5V, VEE = -5.5V 

Current Note 4, 5 
NOTES: 


(+) IIN = 1.5mA; (-) Input = Open. (For HS-248RH Ext. 50Q Res. or 0.75mV) 

(+) Input = Open; (-) IIN = 1.5mA. (For HS-248 Ext. 502 Res. or 0.75mV) 

Both inputs shorted to GND; or both input open such that 50Q termination resistors are in the circuit. 
(+) Input = Open; (-) IIN = 3mA 

(+) IIN = 3mA; (-) Input = Open 


Power Supply 
Current 


Power Supply 


Ta = +25°C 


OY. Pe oO DOs 
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Specifications HS-246RH, HS-248RH, HS-249RH 


TABLE 2. HS-246RH, HS-248RH, HS-249RH AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| } : ze LIMITS 
| GROUP A | 
PARAMETER SYMBOL CONDITIONS - | SUBGROUPS TEMPERATURE | MIN | MAX | UNITS 
Propagation Delay TPLH | VCC=45V, 9,10,11 |. 55°C <T)<+4125°C 30 
| TPHL | VEE=-4.5V 


TABLE 4. POST RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post RAD electrical performance characteristics are the same as the parameters listed in tables 1 and 2 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


Input Leakage Current (HS-245RH) — pL] #2800 
ON Output Current (HS-245RH) 
[Power Supply Curent HSZAERW) i «| CIMA 


a a 
ICC 
Low Level Output Voltage (HS-246RH, HS-248RH, HS-249RH) VOL | 
VOH — 
ICC 


High Level Output Voltage (HS-246RH, HS-248RH, HS-249RH) | VOH +500mV 


Power Supply Current (HS-245RH, HS-248RH, HS-249RH) a ee ee 
Power Supply Current (HS-246RH, HS-248RH, HS-249RH) | EE | mA 


TABLE 6. HS-245RH, HS-246RH, HS-248RH, HS-249RH APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS | METHOD 
Pp 


a 
OS 
ae as ac oe ener eo 

tS 


Group D Samples/5005 
Group E, Subgroup 2 Samples/5005 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Test Circuits and Applications 
CIRCUIT #1 TRANSMITTER PROPAGATION DELAY 


NOTES: 
Input: TTLH s 10ns 
TTHLs 10ns~ = OT IN VCC = 45 
pw = 500ns 2 IN : 
f = 1MHz 
1 © VOUT 91 
jouT = i 
ee 1% TRANSMITTER 
50Q TPHL OUT 
1 OUT 
$2 © VOUT $2 
502 
1% 
2 OUT 
All timing measurements referenced to 50% V points 
CIRCUIT #2 RECEIVER PROPAGATION DELAY 
(+)IN 
(-) IN » RECEIVER 
OUTPUT 
NOTES: 
Input: TTLH s 10ns 
TTHL s 10ns 
pw = 500ns 
f = 1MHz 
RECEIVER 
OU ee RRR eae ov 
All timing measurements referenced to 50% V points NOTE: External 50Q resistors needed for HS-248RH 
TYPICAL APPLICATION 
+5V +5V 
1/3 HS-246RH 
NOt  } | ) + | t— 7 OR HS-249RH 
— RECEIVER 
ing BS BEC 
HO | 
° = +5V = oa 
ENABLE Y -5V 
(+) “PARTY-LINE” 
RECEIVER 
1/3 
HS-248RH O OUTPUT 


* HS-245RH should be driven by open-collector gates. 
(Totem-pole output may cause slight reduction in‘ “on” 
data current). For more detailed information, refer to 
Design Information section of this datasheet. 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Burn-in Circuits 


HS9-245RH (FLATPACK) 
HS1-245RH (CERAMIC DIP) 


STATIC 
NOTES: 


VCC =5.0V + 10% 
Ty (Min) = +125°C 


* HS9-246RH, HS9-248RH, HS9-249RH (FLATPACK) 
HS1-246RH, HS1-248RH, HS1-249RH (CERAMIC DIP) 


DRM ee 


| 


STATIC 


NOTES: 


VCC =5.0V + 10% 

VEE =-5.0V + 10% 

Ts (Min) = +125°C 

Ri = 2.1kQ+ 10%, 1/4W 
R2 = 6.0kQ. + 10%, 1/4W 


NOTES: 


HS9-245RH (FLATPACK) 
HS1-245RH (CERAMIC DIP) 


ee 


DYNAMIC 


VCC = 5.0V + 10% 


Ty (Min) = +125°C 


F1 = 10KHz, OV to +4.5V Squarewave 
F2 = 10KHz, +4.5 V to OV. Squarewave 


_ HS9-246RH, HS9-248RH, HS9-249RH (FLATPACK) 
~ HS1-246RH, HS1-248RH, HS1-249RH (CERAMIC DIP) 


NOTES: 


“DYNAMIC 


VCC = 5.0V + 10% 

VEE = -5.0V + 10% 

Ta (Min) = +125°C 

F1 = 10KHz, OV to +1V Squarewave 
F2 = 10KHz, +1V to OV Squarewave . 
All resistors 1.0kQ + 10%, 1/4W (Min) 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Irradiation Circuits 


HS1-245RH HS1-246RH, HS1-248RH, HS1-249RH 
O +5.5 +5.5 
+5.5 
5.5 
+5.5 §.5 
+5.5 +5.5 | NC 
+1 
“<4 
GAMMA BIAS CIRCUIT GAMMA BIAS CIRCUIT 
NOTE: All irradiation testing is performed in the ceramic DIP package 
Schematics 
HS-245RH 
14VCC 
e 
2.7K 
2.0K 2.0K 
1 2 3 4 5} 6 8 9 10} 11 12} 13 
e e 6 e e e J e e : e e e 
o1 of 2 92 o1 $1 $2 2 Of G1 G2 2 
IN OUT IN OUT IN OUT IN OUT IN OUT’ IN OUT 
—<———$— SUES ”Aineeneemnneeed! ad 
T1 T2 T3 
HS-246RH, HS-248RH, HS249RH 
14VCC 13VCC 
-10 


(R1) OUTPUT 
3 


(R1) +INPUT © 


NOTES: 
1. HS-249RH is as shown 
2. HS-246RH does not have 6K output pull-up resistors 
3. HS-248RH does not have 50Q input termination resistors 


OD (R3) OUTPUT 


~) 
a= 
eo) 
- 
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HS-245RH, HS-246RH, HS-248RH, HS-249RH 


Harris - nqpeve Level Product Flow 


SEM - Traceable to Diffusion Method 2018 

_ Wafer.Lot Acceptance Method 5007 

Internal Visual Inspection (Note 1) | 
Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 

- Customer Pre-Cap Visual Inspection (Notes 1, 2) 
Temperature Cycling Method 1010 Condition C 

- Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection method 2020, 
Condition A 20G 


Marking and Serialization 
X-Ray Inspection Method 2012 
Initial Electrical Tests (TO) 


‘ Static Burn-in 72 Hour, +125°C method 1015 Condition A 


Room Temperature Electrical Tests (T1) 
. Burn-in Delta Calculation (T0-T1) 


NOTES: 


PDA Calculation 3% Functional | 
_ 5% Subgroups 1,7,A — 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


Electrical Tests Subgroups 1, 7,9 (T2)_ 
Burn-in Delta Calculation (TO-T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005 

Fine and Gross Leak Tests Method 1014 
Customer Source Inspection (Note 2) 

Group B Inspection (Notes 2, 4) Method 5005 


~ Group D. Inspection (Notes 2, 4) Method 5005 


External Visual Inspection Method 2009 


_ Data Package Generation (Note 3) 


1. Visual Inspection is performed to MIL-STD-883 Method 2010, Condition A. 
2. These steps are optional, and should be listed:‘on the purchase order if feaes 


3. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) -55°C, +25°C, +125°C 
Shippable Serial Number List __ 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data, DC Test and TELQV 
+25°C Initial Test 
+25°C Interim Test 1 
+25°C Interim Test 2 
+25°C Delta Over Burn-in 


4. Group B data package contains Attributes Data pulse Variables Data, DC Test and TE2HQV. Group D data package contains Attributes only. 
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HS-245RH 


Metallization Topology 


DIE DIMENSIONS: GLASSIVATION: 

45 x 45x 11 mils Type: Silox 

(1140 x 1140 x 280um Thickness: 8kA + 1kA 
METALLIZATION: : TRANSISTOR COUNT: 6 

Type: Aluminum 

: ; PROCESS: 

Thickness: 12.5kA + 2kA HFSB Bipolar/Dielectric Isolation 

WORST CASE CURRENT DENSITY: DIE ATTACH: 


4 2 
7.8 x 10° A/cm Material: Gold Silicon Eutectic Alloy 


Temperature: Ceramic DIP - 460°C (Max) . 


Metallization Mask Layout 
HS-245RH 


OUTPUT f1 
INPUT f1 
INPUT f2 


oO 
oO 
> 


r 


om 1 
oy 


INPUT f2 


INPUT f1 | | 


INPUT f1 


12) 
OUTPUT f2 Ee 
Ea; = 


L. 922¢= 48 1 x | 

wi 

= ke = XY 

- IG - 

> Pea > 

a. = a. 

om ” z 

_ fea) = 

re) > 
” 
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Metallization Topology 


DIE DIMENSIONS: 
45 x 47x 11 mils 
(1140 x 1190 x 280m 


METALLIZATION: 
Type: T.W. 
Thickness: 2.5kA + 0.5kA 
Type: Al | 
Thickness: 14kA + 2kA 


WORST CASE CURRENT DENSITY: 


1.4.x 10° A/cm? ae 


Metallization Mask Layout 
HS-246RH 


(+) INPUT 
(-) INPUT 
VCC R1 & R2 


14 


OUTPUT R1 


(-) INPUT 


HS-246RH, HS-248RH, HS-249RH 


GLASSIVATION: 
Type: Silox 
Thickness: gkA + 1kA 


TRANSISTOR COUNT: 9 


PROCESS: | 
ALPS Bipolar/Dielectric Isolation 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 


~ * Temperature: Ceramic DIP - 460°C (Max) 


Flatpack - 460°C (Max) 


HS-248RH 


VCC R3 
(-) INPUT 
- VCC RI & R2 
* VCC R3 


be | 


a 
i (+) INPUT 
rs 


Qa 
Ww 


et a OUTPUT Ri 


VEERS () INPUT ii, | 


e 


VEE R1 & R2 


| 
El 


: | el ae VEE R3 
INPU 2 Sos ; 
(+) INPUT | () INPUT fi wipe 
a — OUTPUT R3 eee —_ 8b 
st : | 3 © wp TPUT R3 
B p14 © a | = © 
mS ma © no Re ae 
L : a | ° © 
Nn Qa - ~ L A 
a = ~ = N QO - = 
- G a. a. x =z = = 
2 = = 5 °° 2 2 
.- “= E )62OCU 
HS-249RH 
& 
| ome - & 
=) a 
a 2 Bg 
z z 3) s) 
s ac & sg 
r am | 
EC 2 14 #13 
OUTPUT Ri 3 As VEE R1 & R2 
(-) INPUT i VEE R3 
© 
ao 
(+) INPUT 2 
Nin “e §=OUTPUT R3 
wi w¥ 
|_| 2 ry © 
aS © 
L = ull 


(-) INPUT 
(+) INPUT 


N 
[oa 
kK 
2 
a. 
= 
2 
co) 
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HS-245RH 


RADIATION HARDENED TRIPLE LINE TRANSMITTER 


HS-246RH, HS-249RH 


RADIATION HARDENED TRIPLE LINE RECEIVERS 


HS-248RH 


RADIATION HARDENED TRIPLE PARTY-LINE RECEIVER 


FARRIS 


SEMICONDUCTOR 


DESIGN INFORMATION 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 


application and design information only. No guarantee is implied. 


Voltage Mode Transmission 


Data rates of up to 10 million bits per second can be 
obtained with standard TTL logic; however, the transmission 
distance must be very short. For example, a typical 50 foot 
low capacitance cable will have a capacitance of 
approximately 750pF which requires a current of greater 
than 50mA to drive 5V into this cable at 10MHz; therefore, 
voltage mode transmitters are undesirable for long 
transmission lines at high data rates due to the large current 
required to charge the transmission line capacitance. | 


Current Mode Transmission 


An alternate method of driving high data rates down long 
transmission lines is to use a current mode transmitter. 
Current mode logic changes the current in a low impedance 
transmission line and requires very little change in voltage. 
For example, a 2mA change in transmitter current will 
produce a 100mV change in receiver voltage independent of 
the series transmission line resistance. The rise time at the 
receiver for a typical 50 foot cable (750pF) is approximately 
30ns for a 2mA pulse. 


An emitter coupled logic gate is frequently used for a current 
mode transmitter. However, ECL gates are not compatible 
with TTL and DTL logic and they require considerable power. 
The Harris Semiconductor HS-245RH is a TTL/DTL 
compatible current mode transmitter designed for high data 
rates on long transmission lines. Data rates of 15 megabits 
per second can be obtained with 50 feet of transmission line 
when using the companion HS-246RH or HS-249RH 
receiver. Data rates of 2 megabits per second are easily 
obtained on transmission lines as long as 1,000 feet. The 
Harris transmitter and receivers feature very low power, 
typically 25mW for the transmitter and 15mW for the 
receiver. 


Harris Transmitter/Receivers 


The Harris transmitter/receiver family consists of a triple line 
transmitter, two triple line receivers with internal terminations 
and a triple party-line receiver. The general characteristics of 
the transmitter and receivers are outlined in Table A. 


TABLE A. GENERAL TRANSMITTER/RECEIVER CHARACTERISTICS 


PARAMETER | 


Power Supply HS-246RH/248RH/249RH 
ICC (VCC = +5.0V) 


Propagation Delay All Receivers 


Input Impedance and 
Output Circuit 


TRIPLE LINE TRANSMITTER 
Operating Temperature Range -55°C to +125°C 


Power Supply Current Per Transmitter Section / 
Standby Current Per Transmitter Section 


TRIPLE LINE RECEIVER 
PARAMETER RECEIVER TYPE LIMITS UNITS COMMENTS | 


Operating Temperature Range HS-246RH/248RH/249RH -55°C to +125°C 


a 


UNITS COMMENTS 
ae ee ee 
Over Full Temperature Range 


Per Receiver Section 


| ons | Over Full Temperature Range 
OUTPUT 
Open Collector 


°C 
mA 
Q 
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HS-245RH, HS-246RH, HS248RH, HS-249RH 


DESIGN INFORMATION (continues) 


_ The information contained in this section has been developed through characterization by Harris Semiconductor and is. for use as 


application and design information only. No guarantee is implied. 


Transmitter 


The HS-245RH transmitters have two inputs per transmitter, 
either of which is low while the other is open during normal 
operation and both inputs are open during standby. For 
optimum transmitter performance, the “off” input should be 
open circuit rather than being pulled towards +5V, because 
this will reduce the “on” output data current. On the other 
hand, the “on” and “off” output data current will be increase if 
the “off” input is held below its open circuit voltage. Open 
collector gates such as the 7401 and 7403 or 7405 Hex- 
Inverter are suitable for driving the HS-245RH transmitter 
inputs. By using 2-input gates as shown in Figure 1, an 
enable line can be provided so that more than one transmit- 
ter may be connected to a line for time sharing. When the 
enable line is low the transmitter will be disabled and will 
present a high impedance to the transmission line as well as 
requiring very little power supply current. 


Complementary input signals may be derived from high 
speed inverter gates as shown, or by using the complemen- 
tary outputs of a flip-flop. When the transmitter is connected 
near the midpoint of a long transmission line or to a line with 
terminations at both ends, two transmitter sections should 
be paralleled with respective inputs and outputs connected 
together in order to drive the reduced impedance. This 
parallel transmitter technique can also be used to increase 
the data rate on long transmission lines. 


Transmitter Operation 


The transmitter alternately applies the current to each of the 
two conductors in the twisted pair line such that the total 
current in the twisted pair is constant and always in the same 
direction. This current flows through either of the two 50V 
terminating resistors at the receiver and returns to the 
transmitter as a steady DC current on the transmission line 
shield. The DC power supply return for the transmitter is 
through the receiver terminating resistors (the transmitter 
ground pin is only a substrate ground). Therefore, it is 
essential that the shield be connected to the power supply 
common at both the transmitter and receiver, preferably at 
the integrated circuit “ground” pin. More than fifteen twisted 
pair lines can share the same shield without crosstalk. 


Receivers 


The HS-248RH “party-line” receiver presents a high 
impedance load to the transmission line allowing as many as 
ten HS-248RH receivers to be distributed along a line with- 
out excessive loading. Figure 1 shows a typical system of a 
transmitter, a terminating receiver and a party-line receiver. 
The transmission line is terminated in its characteristics 
impedance by an HS-246RH, HS-249RH, or by a pair of 50V 
resistors connecting each line to the ground return shield. 


Transmission Lines 
The maximum frequency (or minimum pulse width) which 


can be carried by a certain length of a given transmission 


line is dependent on the loss characteristics of the particular 
line. At low frequencies, there will be virtually no loss in 
pulse amplitude, but there will be a degradation of rise and 
fall-time which is roughly proportional to the square of the 
line length. This is shown in Figure 2. If the pulse width is 
less than the rise-time at the receiver end, the pulse 
amplitude will be diminished, approaching the point where it 
cannot be detected by the receiver. 


150mV 
LINE 
VOLTAGE 
AT TRANS- 
MITTER 
+5 GND A . . 150mV 
GND 45V -5V 
2K-6K FOR TTL DRIVE UNE 
REQUIRED FOR HS-246RH VORTASE 
RECEIVER 5° gy | 
ban ani > OUT TTLH2 TTHL2 “TTLH2 TTHL2 
WIDE PULSE MINIMUM PULSE WIDTH 
TRLH2 = TTLH1 KL? Where: L is Line Length K is 
o 9 ¢ TTHL2 = TTHL1 KL? determined by line loss _— 
, 2 ARReey: ey . ; characteristics 
FIGURE 1. TYPICAL DATA TRANSMISSION SYSTEM FIGURE 2. TRANSMISSION LINE WAVE-SHAPING 
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DESIGN INFORMATION ccontinuea 


The information contained in this section has been developed through characterization by Harris Semiconductor and is for use as 


application and design information only. No guarantee is implied. 


- The transmission line used with the Harris HS-245RH series 
transmitter and receivers can be any ordinary shielded, 
twisted pair line with a characteristic impedance of 100Q. 
Twisted pair lines consisting of number 20 or 22 gauge wire 
will generally have this characteristic impedance. Special 
high quality transmission lines are not necessary and stan- 
dard audio, shielded-twisted pair, cable is generally suitable. 


Since the necessary characteristics for various twisted pair 
lines are not readily available, it may be necessary to take 
some measurements on a length of the proposed line. To do 
this, connect an HS-245RH transmitter to one end of the line 
(100 feet or more) and an HS-246RH or an HS-249RH 
receiver to the other end. The rise and fall-times can be 
measured on the line at both ends and the constant “K”, for 
that line can be computed as shown in Figure 2 so that the 
minimum pulse width can be determined for any length of 
line. 


Data rates of 2MHz have been obtained using 1,000 feet of 
standard shielded, twisted pair, audio cable. Data rates of 
15MHz are possible on shorter lengths of transmission line 
(50 feet). 


Electromagnetic Interference 


Very little electromagnetic interference is generated by the 
Harris current mode system because the total current 
through the twisted pair is constant, while the current 
through the shield is also constant and in the opposite 
direction. This can be verified by observing, with a current 
probe, the total current through the twisted pair, through the 
shield and through the complete shielded, twisted pair cable. 
In each case a constant current will be observed with only 
small variations. Small pulses may be observed if the 
complementary inputs to the transmitter do not switch at the 
same time. The current will decrease during the time both 
inputs are high, and will increase during the time both inputs 
are low. These switching pulses may be observed when 
using the circuit shown in Figure 1. The amplitude and shape 
of these pulses will depend of the propagation delay of G1, 
and transition times G2 and G3. These pulses are generally 
of no concern because of their small amplitude and width, 
but they may be reduced by increasing the similarity of the 
waveforms and timing synchronization of the complementary 
signals applied to the transmitter. - 


In addition to generating very little noise, the system is also 
highly immune to outside noise since it is difficult to 
Capacitively couple a differential signal into the low 
impedance twisted pair cable and it is even more difficult in 
induce a differential current into the line due to the very high . 
impedance of the constant current transmitter. Therefore, 
differential mode interference is generally not a problem with 
the Harris current mode system. Large common mode 
voltages can also be tolerated because the output current of 
the transmitter is constant as long as the receiver termina- 
tion ground is less than 2V positive with respect to the 
grounded input of the transmitter, and is less than 25V 
negative with respect to the transmitter VCC. The current 
mode system is totally unaffected by ground differential 
noise of +2V at frequencies as high as 1MHz. 


Propagation Delay 


The worst case propagation delay of a transmitter and 
receiver, connected as shown in Figure 1, can be 
determined: by: adding the maximum delay shown on the 
data sheet for the transmitter and. receiver. These overall 
switching characteristics are shown in Table B. For the entire 
system, however, the propagation delay of the transmission 
line must also be considered. This delay, of course, depends 
on the length of the line and the characteristics of the line, 
but in general, delays of between 1.5ns and 3.0ns per foot 
can be expected. 


TABLE B. OVERALL TRANSMITTER/RECEIVER SWITCHING 
CHARACTERISTICS 


-55°C to +125°C 
HS-245RH, HS-246RH 
HS-248RH, HS-249RH 


Progagation Delay 
TPLH 


NOTE: VCC =+5V, VEE =-5V 
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mHaRRIS HS-15530RH 


_ Radiation Hardened 


December 1992 CMOS Manchester Encoder-Decoder 
Features Pinout © 
¢ Functional Total Dose 1 x 10° RAD(Si) | 24 PIN DIP 
| ee CASE OUTLINE D-3, CONFIGURATION 1 
11 ; 
e Latch-Up Free to 5 x 10°" RAD(Si)/s TOP VIEW 
¢ Support.of MIL-STD-1553 
e Low Operating Power 50mW at 5V VALID WORD [1 24] VDD 
° 1.0 Megabit/s Data Rate ENCODER SHIFT CLK | 2| 23] ENCODER CLK: 
ND CLK1 
e Sync Identification and Lock-In TAKE DATA [31 22| SEND CLK IN 
: SERIAL DATA OUT [4 21] SEND DATA 
o Clock necovery DECODER CLK [5 | 20] SYNC SELECT 
¢ Manchester Il Encode, Decode _ BIPOLAR ZERO IN [6 | 49] ENCODER ENABLE 
e Separate Encode and Decode BIPOLAR ONE IN 48] SERIAL DATA IN 
e Military Temperature Range -55°C to +125°C UNIPOLAR DATA IN [8 | BIPOLAR ONE OUT 
D ‘tio DECODER SHIFT CLK [9 | 146] OUTPUT INHIBIT 
escriplon | | COMMAND/DATA SYNC [10 45] BIPOLAR ZERO OUT 
The Harris HS-15530 is a high performance, radiation resistant, DECODER RESET [11 44] + 6 OUT 
CMOS device intended to service the requirements of MIL- np [ial Ga] MASTER RESET 


STD-1553 and similar Manchester Il encoded, time division 
multiplexed serial data protocols. This LSI chip is divided into 
two sections, an Encoder and a Decoder. These sections 
operate completely independent of each other, except for the 
Master Reset functions. 


This circuit meets many of the Zeuisdienis of MIL-STD-1553. 
The Encoder produces the sync pulse and the parity bit as well 
as the encoding of the data bits. The Decoder recognizes the 
sync pulse and identifies it as well as decoding the data bits 
and checking parity. 


This integrated circuit is fully guaranteed to support the 1MHz 
data rate of MIL-STD-1553 over temperature while residing in a 
radiation environment. It interfaces with CMOS, TTL or N 
channel support circuitry, and uses a standard 5V supply. 


Block Diagrams 
| ENCODER | 
42: GND | . VDD CoA 


ENCODER 
BIT 
COUNTER 


SEND | SERIAL 
DATA | DATAIN SELECT 


ENCODER ENCODER 
SHIFT ENABLE 
OCK 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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DECODER 


UNIPOLAR ,_8 
DATA IN 


BIPOLAR 
ONE IN 


TAKE DATA 
10 COMMAND/ 


CHARACTER 
IDENTIFIER 


BIPOLAR BATE 
IPOLAR DATA SYNC 
4 SERIAL 
DATA OUT 
DECODER VALID 
CLOCK WORD 
MASTER tt a 
RESET CLOCK 


ed 


DECODE 
RESET COUNTER 


FileNumber 3203 


HS-15530RH 


Pin Description 


VALID WORD Decoder | Output high indicates receipt of a valid word, (valid parity and no 
Manchester errors). 


Encoder } Output for shifting data into the Encoder. The Encoder samples SDI on 
the low-to-high transition of Encoder Shift Clock 


Decoder | Outputis high during receipt of data after identification of a sync pulse and 
two valid Manchester data bits 


Decoder | Delivers received data in correct NRZ format 


Decoder | Input drives the transition finder, and the synchronizer which in turn 
supplies the clock to balance of the decoder, input a frequency equal to 


ENCODER SHIFT CLOCK 


TAKE DATA 


SERIAL DATA OUT 
DECODER CLOCK 


4 


A high input shouldbe applied when the bus is in its negative state. This 
pin must be held high when the Unipolar input is used. 


BIPOLAR ZERO IN 


12X the data rate 
Decoder 


BIPOLAR ONE IN 7 A high input should be applied when the bus is in its positive state. The 


pin must be held low when the Unipolar input is used. 


UNIPOLAR DATA IN With pin 6 high and pin low, this pin enters unipolar data into the transition 


Decoder 
finder circuit. If not used this input must be held low. 
Decoder | Output which delvers a frequency (DECODER CLOCK + 12), synchro- 
nized by the recovered serial data stream. 


Decoder {| Output of a high from this pin occurs during output of decoded data which 
was preceded by a Command (or Status) synchronizing character. A low 


output indicates a Data synchronizing character. 


Decoder | A high Input to this pin during a rising edge of DECODER SHIFT CLOCK 
resets the decoder bit counting logic to a condition ready for a new word. 
| Both | Ground Supply pin. 


Both A high on this pin clears 2:1 counters in both Encoder and Decoder, and 
reset the +6 circuit 


Output from 6:1 divider which is driven by the ENCODER CLOCK 


DECODER SHIFT CLOCK 


COMMAND SYNC 


DECODER RESET 


GROUND 
MASTER RESET 


anh 


3 
+6 OUT 4 
BIPOLAR ZERO OUT 


EE 


5 
OUTPUT INHIBIT 6 
BIPOLAR ONE OUT 


=_ 


Encoder | An active low output designed to drive the zero or negative sense of a 
bipolar line driver 


17 


”) 
= 
2) 
ro 
a | 

<6 
<9 
ui S 
Os 
= 
© 
© 


Encoder | An active low output designed to drive the one or positive sense of a 
bipolar line driver. 
Encoder | Accepts a serial data stream at a data rate equal to ENCODER SHIFT 
CLOCK 
Encoder | A high on this pin initiates the encode cycle. (Subject to the preceeding 
cycle being complete). 
Encoder | Actuates a Command sync for an input high and Data sync for an input 
low. 
Clock input at a frequency equal to the data rate X2, usually driven by +6 
output 


An active high output which enables the external source of serial data 
Encoder | Input to the 6:1 divider, a frequency equal to the data rate X12 is usually 
input here. 


VDD is the +5V power supply pin. A 0.1p.F decoupling capacitor from 
VDD (pin 24) to GROUND (pin 12) is recommended. 


SERIAL DATA IN 


_, 


8 


ENCODER ENABLE 
SYNC SELECT 0 


SEND DATA 
SEND CLOCK IN 


A low on this pin forces pin 15 and 17 high, the inactive states. 


2 


ENCODER CLOCK 


i) 


3 


VDD 24 


NOTE: | = Input and O = Output 
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Specifications HS-15530RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ........ spar a dia eases Didi Siete his asennes +7.0V Thermal Resistance Ga Go 
1/O Voltage (applied for all grades)........ VSS-0.3V to VDD+0.3V CERDIP Package.............. ‘egavaly 48.9°C/W 9.9°C/W 

Storage Temperature Range ............ «+. 65°C to +150°C Maximum Package Power Dissipation at.+125°C 

Junction Temperature............ Svat Mow au aan ee +175°C = Ceramic DIP Package ......... cece cece cece ee eees 0.715W 
Lead Temperature (Soldering 10s)..............6. os +300°C . 

Typical Derating Factor...............-. © TOMA/MHz in IDDOP 

ESD Classification ............. sai deka ecm eoak Neca ok Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. . 


Operating Conditions . | | 
Operating Voltage Range............... 3... +4.75V to +5.25V, Input High Voltage......... ee eS ene eae Te Pee 0.7VDD to VDD 


Operating Temperature Range..............6. -55°C to +125°C = Clock Input Low Voltage (VILC) ..............ceeeee OV to 0.5V 
Input Low Voltage. .............060. weer ee OV to+0.2VDD Clock Input High Voltage (VIHC).............. VDD-0.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


: ace GROUPA | — 
PARAMETER SYMBOL _ CONDITIONS SUBGROUP | TEMPERATURE 
Output High Voltage VOH VDD = 4.75V; IO = -3mA, -55°C, +25°C, 
VIN=OVor4.75V0 +125°C 
Output Low Voltage VDD = 4.75V, IO = +1.8mA, 1,2,3 | -55°C, +25°C, 


VIN = OV or 4.75V +125°C 


Input Leakage Current .| IlLorlIH | VOD =5.25V, VIN=OVor | -55°C, +25°C, 
Z . 4 oe 5.25V | +125°C 

Standby Power Supply IDDSB_ | VDD =5.25V, VIN=5V, -55°C, +25°C, 

Current | lO=OmA | | +125°C 


VDD = 4.75 and 5.25V, 
VIN = GND or VDD, f = 1MHz 


VDD = 5.25V, VIN = 1.95V or 
3.68V and VDD = 4.75V, 
| VIN = 0.95V or 3.32V 


Functional Tests FT 7, 8A, 8B -55°C, +25°C, 
+125°C 
Noise Immunity _ FN. 7, 8A, 8B 


Functional Test 
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


TEMPERATURE 


-55°C, +25°C, 


AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


| Par. GROUP A- 
PARAMETER | SYMBOL CONDITIONS ‘SUBGROUP 


ENCODER TIMING 
Encoder Clock Frequency VDD = 4.75 and 5.25 -55°C, +25°C, MHz 
3 CL = 50pF +125°C 
Send Clock Frequency . FESC VDD = 4.75 and 5.25 --55°C, +25°C, MHz 
CL = 50pF +125°C 


VDD = 4.75 and 5.25, . 
CL = 50pF 


Data Rate _ |. FED | VDD =4.75 and 5.25 7,8,9 -55°C, +25°C, 
: : | CL = 50pF pee: +125°C 
) i 
Sync Pulse Width TE7 VDD = 4.75 and 5.25 7, 8,9 
-1CL=50pF 7 
) ede 


Shift Clock Delay -55°C, +25°C, 125 
ee +125°C | 
-55°C, +25°C, 
+125°C 
Bipolar Output Delay hee VDD = 4.75 and 5.25 -55°C, +25°C, 125 
CL = 50pF +125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


DECODER TIMING 


Decoder Clock Frequency VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 


Data Rate FDD VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Decoder Reset Setup Time TORS | VOD =4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Sync Delay “ON” 


Tos =| VOD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 
Take Data Delay “ON" 


Sync Delay “OFF” VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 

Take Data Delay “OFF” TD10 VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
. CL = 50pF +125°C 

Valid Word Delay TD11 VDD = 4.75 and 5.25, 7, 8,9 -55°C, +25°C, 
CL = 50pF +125°C 


LIMITS 
SYMBOL CONDITIONS TEMPERATURE 


CIN VDD = Open, f = 1MHz (Note 1) Ta = +25°C 
COUT VDD = Open, f = 1MHz (Note 1) Ta = +25°C 


IDDOP |} VDD = 5.25V, VIN = VDD or -55°C < Ty < +125°C 
GND, f = 1MHz, |O = OmA 
ENCODER TIMING REQUIREMENTS 
VDD = 4.5V and 5.25V ~55°C < Ty < +125°C 


TECR 
VDD = 4.5V and 5.25V -55°C < Ty < +125°C 


PARAMETER 


Input Capacitance 
Output Capacitance 


Operating Supply Current 


Encoder Clock Rise Time 


Encoder Clock Fall Time TECF 


Master Reset Pulse Width TVR | VDD =4.5V and 5.25V 
Serial Data Setup TE2 = | VDD = 4.5V and 5.25V 75 
Serial Data Hold TES | VDD = 4.5V and 5.25V 75 
Enable Setup TE4 | VDD =4.5V and 5.25V 
Enable Pulse Width TES | VOD =4.5V and 5.25V 
Sync Setup TEs =| VDD = 4.5V and 5.25V 
Send Data Delay Tes | VDD = 4.5V and 5.25V 
Decoder Clock Rise Time TDCR 
Decoder Clock Fall Time TDCF 55°C < Ty < +125°C 
voo=asvanssanv [5 


Decoder Reset Pulse Width TDR VDD = 4.5V and 5.25V -55°C < Ty < +125°C 150 


SERIAL 


Yu”) 
<= 
2 
- 
< 
O 
= 
> 
= 
= 
Oo 
O 


9-19 


Specifications HS-15530RH 


~~ TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


(Notes 2, 3) 
One Zero Overlap (Note 2) 


Short Data Transition Span 
(Notes 2, 3) 


Sync Transition Span | : 


NOTES: 
1. All measurements referenced to device ground. 
2. TDC = Decoder Clock Period = 1/FDC | 
3. These parameters are given for information only and are typical values. 


4, The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are char- 
acterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


IDDSB at VDD = 5.0V will be measured and recorded for each device within one hour (£15 minutes) after irradation. The lot will be accepted 
only if the average of these IDDSB measurements is less than or equal to 5mA. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


Table 5 Intentionally left blank. 


TABLE 6. APPLICABLE SUBGROUPS os 


[-conronuanceanours | weTioo | asvscnours 
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Encoder Operation 


The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on chip 
which can be utilized to produce the SEND CLOCK by 
dividing the DECODER CLOCK. , 


The Encoder’s cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK (1). 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition of 
the ENCODER SHIFT CLOCK, a high SYNC SELECT input 
actuates a command sync or a low will produce a data sync 
for the word (2). When the Encoder is ready to accept data, 
the SEND DATA output will go high and remain high for 
sixteen ENCODER SHIFT CLOCK periods (3). During these 
sixteen periods the data should be clocked into the SERIAL 
DATA input with every high-to-low transition of the 


ENCODER SHIFT CLOCK so it can be sampled on the low- 
to-high transition (3) - (4). After the sync_ and Manchester Il 
coded data are transmitted through the BIPOLAR ONE and 
BIPOLAR ZERO outputs, the ENCODER adds on an 
addtional bit which is the parity for that word (5). If 
ENCODER ENABLE is held high continuously, consecutive 
words will be encoded without an _ interframe gap. 
ENCODER ENABLE must go low by time (5) as shown to 
prevent a consecutive word from being encoded. At any time 
a low on OUTPUT INHIBIT input will force both bipolar out- 
puts to a high state but will not affect the ENCODER in any 
other way. | | ar 


To abort the Encoder transmission a positive pulse must be 
applied at MASTER RESET. Anytime after or during this 
pulse, a low-to-high transition on SEND CLOCK clears the 
internal counters and initializes the Encoder for a new word. 


Tiina | | lofaf2fs]a]s]e]7 [|r] ww] iw] | | 
ENCODER 7 TLFPLILILILILILILLle 
euiereroee | LILLY LP L_rLrey 


eacoueReNMENE WB HT AE OY, NINN 


sync SELECT CVA CENT ARE Wi $y gHoi 8 
SENDDATA, ff 


SERIAL DATA IN 


BIPOLAR ONE OUT 


BIPOLAR ZERO OUT 
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Decoder Operation 


The Decoder requires a single clock with a frequency of 12 
times the desired data rate applied at the DECODER 
CLOCK input. The Manchester Il coded data can be 
presented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified in 
Military Spec 1553. The UNIPOLAR DATA input can only 

accept non-inverted Manchester II coded data. (e.g. from 
BIPOLAR ONE OUT of an Encoder through an inverter to 
Unipolar Data Input). 


The Decoder is free running and countinuously monitors its 
data input lines for a valid sync character and two valid sync 
is recognized (1), the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character.was a 
command syne, this output will go high (2) and remain high 
for sixteen DECODER SHIFT CLOCK periods (3), otherwise 
it will remain low. The TAKE DATA output will go high and 
remain high (2) - (3). While the Decoder is transmitting the 
decoded data through SERIAL DATA OUT. The decoded 
data available at SERIAL DATA OUT is in NRZ format. The 


| o | 


TIMING | 


high transition of this clock (2) - 


l2tetelstel7tes| 


DECODER SHIFT CLOCK is provided so that the decoded 
bits can be shifted into an external register on every low-to- 
(3). Note that DECODER 
SHIFT CLOCK may adjust its phase up. until the time that 
TAKE DATA goes high. 


After all sixteen decoded bits have been transmitted (3) the 
data is checked for odd parity. A high on VALID WORD 
output (4) indicates a successful reception of a word without 
any Manchester or parity errors. At this time the Decoder is 
looking for a new sync character to start another output 
sequence VALID WORD will go low approximately 20 
DECODER SHIFT CLOCK periods after it goes high if not 
reset low sooner by a valid syne and two valid Manchester 
bits as shown (1). : | 


At any time in the above sequence a high input on 
DECODER RESET during a low-to-high transition of 
DECODER SHIFT CLOCK will abort transmission and 
initialize the Decoder to start looking for a new sync 
character. 


| a6 | 17 | 18 | 19 | | | | 


SHIFT CLOCK 


BIPOLAR ONE IN 


BIPOLAR ZERO IN 
TAKE DATA 
lac 
SERIAL DATA OUT 


VALID WORD 


OO 


SSG UNDEFINED SSG 5 fe Ps Pe Fe ae Ps 2 | | 
Wfromprewouseecemoy SY 


OO 
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Decoder Timing 


CONTROL SIGNALS 


DECODER SHIFT CLOCK 


COMMAND/DATA SYNC 


TAKE DATA | 


SERIAL DATA OUT DATA BIT : — 
DECODER SHIFT CLOCK | | | | 
COMMANDIDATASYNG ee 


TAKE DATA 
VALID WORD TD11 | ~— 


DECODER RESET —>| TOR — 


MANCHESTER INPUTS 


NOTE: UNIPOLAR IN = 0, FOR NEXT DIAGRAMS 


. +<——— BIT PERIOD ———_>}< BIT PERIOD ————> |< BIT PERIOD ———> 
BIPOLAR ONE IN | { 


TD1 
<———_—_ tp2 ———>>| - tp3 ‘ >| K<- Tp3 
BIPOLAR ZERO IN 
; TD1 ” 
BIPOLARONEIN | | 3 = = 
TD1 rs) 
. TD3 4 
~-—_—__—_—_—_——~ Tp2 ——_——_>| }«- Tp3 wa TT z 
BIPOLAR ZERO IN | o = 
+ TDI: ‘ s 
DATA SYNC : — aera re) 
; : ; O 
TD1 ; TD1 
—>|/-to3 ->|/< 1p3 _ =| TDs >| <- Tbs >| «<- Tos 
BIPOLAR ZERO IN . | 
TD1 | — TD1 
h— 1p4 |< 1p5_§ ——_—__ > «———- 15 ————— |< — Ts — > | 
ONE ' ZERO ONE 
NOTE: BIPOLAR ONE IN = 0; BIPOLAR ZERO IN = 1, FOR NEXT DIAGRAMS 
UNIPOLAR IN TD2 Tb2 
; COMMAND SYNC . 
‘ 4 § ’ 
UNIPOLAR IN TD2 TD2 
: DATA SYNC : . 
UNIPOLAR IN TD4 : TDS TDS TD4—> TD4 
ONE ZERO | ; ONE ONE 
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AC Testing Input, Output Waveform: 


INPUT . OUTPUT es 
VIH VOH ; 
50% 50% 
VIL VOL 


NOTE: AC Testing: All input signals must switch between VIL and VIH. Input rise and fall times are driven at 1ns/V. 


Encoder Timing _ | | | | 

TE a | | 

ENCODER SHIFT CLOCK See !~CO™”™~“‘t*~s*s*s*~s™s™~™~™S*CS ee 
eA, Gi aA NNN dg 


SEND CLOCK | | | | | | 
ENCODER SHIFT CLOCK 


ENCODER ENABLE 


SYNC SELECT 


ENCODER SHIFT CLOCK 


_ . SEND DATA 


SEND CLOCK 


BIPOLAR ONE OUTOR. 
BIPOLAR ZERO OUT 
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Applications 
HOW TO MAKE OUR MTU LOOK LIKE A MANCHESTER ENCODED UART | 


DECODER 
ENCODER CLK 
BIPOLAR 
BIPOLAR 


on ee 
ONE IN s fs 
UNIPOLAR 
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COMMAND n= 
es 
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DECODER 
RESET J 


Le 
AB 


K H AB Cc QH SH/LD CK SI | QH SH/LD CK 


Cc K 
74LS164 f fae, 74165 aa 74165 a 


PARALLEL IN 
PARALLEL OUT 


TYPICAL TIMING DIAGRAM FOR A MANCHESTER ENCODED UART 


wow PROT DP PEP AAS FPO RDO ALAIA BAG APRAA EP LAL Ee FLaas ow 


BIPOLAR ONE OUT 


— ee | ; 
BIPOLAR ZERO OUT | An Ne LELELLEELL Vy i aN 


SYNC MSB LSB PARITY 


ENCODER TIMING 
ENCODER ENABLE ~ 7 
S 
SYNC SELECT = 
a< 
ZO 
PARALLEL IN a z 
. B= 
= 
Oo 
O 


DECODER TIMING 


BIPOLAR ONE IN =) 4A “ToT Pt ee. aS , - i] 
a CE 
1 \ |p 


BIPOLAR ZERO IN 


wstaawwathaDaabkbadaawahaDaawadaawaehaeaawadaa wukwe 


COMMAND SYNC 


PARALLEL OUT . VALID 2 VALID 


VALID WORD 
FROM PREVIOUS RECEPTION - HOW TO MAKE OUT MTU LOOK LIKE A MANCHESTER ENCODED UART 
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HS-15530RH 


MIL-STD-1553 


The 1553 standard defines a time division multiplexed data 
bus for application within aircraft. The bus is defined to be 
bipolar, and encoded in a Manchester II format, so no DC 
component appears on the bus. This allows transformer 
coupling and excellent isolation among systems and their 
environment. a 


-"The HS-15530RH supports the full bipolar configuration, 
‘assuming a bus driver configuration similar to that in Figure 
1. Bipolar inputs from. the bus, like Figure 2, are also 
accommodated. : 


The signaling format in MIL-STD-1553 is specified on the 
_assumption that the network of 32 or fewer terminals are 
. controlled by a central.control unit by means of Command 

Words. Terminals respond with Status Words: Each word is 


FIGURE 1. SIMPLIFIED MIL-STD-1553 DRIVER 


COMMAND SYNC ©” 


DATA SYNC 


- BIT BIT BIT 
PERIOD | PERIOD | PERIOD 


_ FIGURE 3. MIL-STD-1553 CHARACTER FORMATS 


BUS 


- preceded by a synchronizing pulse, and followed by parity 
bit, occupying a total of 20ms. The word formats are shown 
in Figure 4. The special abbreviations are as follows: . 


P Parity, which is defined to be odd, taken 
across all 17 bits. : | 

‘R/T’ Receive on logical zero, transmit on ONE. 

ME Message Error if logical 1. - 

TF . - Terminal Flag, if set, calls for controller to 


request self-test data. 


The paragraphs. above are intended only to suggest the 
content of MIL-STD-1553, and do not completely describe 
its bus requirements, timing or protocols. 


f= 


FIGURE 2. SIMPLIFIED MIL-STD-1553 RECEIVER 


«9 o9 


“1” REF 
“0” REF 


SODBBDROUOOLALELE CULE 


_ COMMAND WORD (FROM CONTROLLER TO TERMINAL) - 


—j~ jf os ff s [os | 
SYNC | TERMINAL | | SUBADDAESS| DATA WORD |p| 
ADDRESS /MODE COUNT 


DATA WORD (SENT EITHER DIRECTION) - 


SYNC | DATA WORD — ve P| 


_ STATUS WORD (FROM TERMINAL TO CONTROLLER) 


ag xs ee |) (a 
7 
SYNC | TERMINAL CODE FOR [| P| 
ADDRESS FAILURE MODES 


MF 


FIGURE 4. MIL-STD-1553 WORD FORMATS 


NOTE: This page is a summary of MIL-STD-1553 and is not intended to describe the operation of the HS-15530RH. . 
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HS-15530RH 


Burn-in Circuits 


VDD 


ana 


Nil 


STATIC CONFIGURATION 


NOTES: 


VDD = 5.0V 
IDD <2mA 
Ta min = +125°C 


Irradiation Circuit 


oe 
_-, 
— 
9 | 
10} 
11 
12 
\/ 


NOTES: 


VDD = 5.0V 
Group E Sample Size is 2 die/wafer from 20% of yielding wafers 


VDD 


ora TY 


[ : 
eISSN 
fa 


DYNAMIC CONFIGURATION 


NOTES: 


VDD = 5.0V 

IDD < 10mA 

Ta min = +125°C 

All resistors 1.8kQ 1/4 watt 

FO = 200KHz Square Wave, 50% Duty cycle 
VIL = 0.5V 

VIH = 4.5V 
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HS-15530RH 


Harris - ‘-8’ Flow 


Internal Visual Inspection +25°C Electrical Tests +125°C, -55°C © 

Gamma Radiation Assurance Tests Method 1019 Group A Inspection Method 5005. 5% PDA (Note 3) 
Customer Pre-Cap Visual Inspection (Note 1) Brand | | _ | 
Temperature Cycling Method 1010 Condition C | Customer Source Inspection (Note 1) 

Fine and Gross Leak Tests Method 1014 | | a Group C Inspection Method 5005 (Note 1, 2) © | 
Constant Acceleration Method 2001 Y1 30KG | Group D Inspection Method 5005 (Note 1, 2) | 
Initial Electrical Tests. | External Visual Inspection Method 2009 

Dynamic Burn-in 160 Hours, +125°C Method 1015 Data Package Generation (Note 4) 

Condition D | : 

NOTES: © 


1. These steps are optional, and must be negotiated ‘as part of order. 

2. Group B and D data package contains Attributes Data plus Variables Data. ~ 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable 
4 


. ‘8’ Data Pack Contains: 
Assembly Attributes (post seal) 
Test Attributes (including Group A) 
Radiation Testing Certificate of Conformance — 
Certificate of Conformance (as found on shipper). 
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@Breams HS-26C31MS 


Radiation Hardened 


December 1992 ee | Quad Differential Line Driver 
Features Pinouts 
e 1.2 Micron Radiation Hardened CMOS HS1-26C31MSR 16 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up to 300K RAD(Si) CASE OUTLINE D2, CONFIGURATION 3. 
TOP VIEW : | 
- Dose Rate Upset > 1x10° RAD/Sec (20nS Pulse) 
e Latchup Free AN [71 VDD 
e EIA RS-422 Compatible Outputs (Except for IOS) | AouT [2| 15] DIN 
° TTL Compatible Inputs AOUT a DOUT 
ENABLE DOUT 
e High Impedance Outputs when Disabled or Powered oe 
Down _ BOUT 5] 12| ENABLE 
_ BOUT COUT 
¢ Low Power Dissipation 2.75mW Standby (Max) 5 
BIN COUT 
e Single 5V Supply . | GND {8 | |9| CIN 


¢ Low Output Impedance 10Q or Less 


Full -55°C to +125°C Military Temperature Range 
| HS9-26C31MSR 16 PIN FLATPACK 
CASE OUTLINE F5A, CONFIGURATION 2 


Description = : ; TOP VIEW 
The Harris HS-26C31MS is a quad differential line driver 

designed for digital data transmission over balanced lines AIN e 

and meets the requirements of EIA standard RS-422. | — aout 


Radiation hardened CMOS processing assures low power 
consumption, high speed, and reliable operation in the most 
severe radiation environments. | 


AOUT 
ENABLE 
| BOUT 
The HS-26C31MS accepts CMOS and converts them to BOUT 
RS-422 compatible outputs. This circuit uses special 
outputs that enable the drivers to power down without 
loading down the bus. Enable and disable pins allow 
several devices to be connected to the same data source 
and addressed independantly. 


BIN 
GND 


OonNoneaewon = 


Logic Diagram 
TRUTH TABLE 


ENABLE ENABLE DIN CIN BIN AIN DEVICE INPUTS OUTPUT 
e e , e P 4 — 
| oT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. Eile Number 3401 
Copyright © Harris Corporation 1992 ; ee 


Specifications HS-26C31MS 


Absolute Maximum Ratings Reliability Information | 

SUDDIY VOMWAGG 5 vee se suede Sea ASW eee Sass -0.5V to+7.0V Thermal Resistance | Oia «Oe 
Input, Output or I/O Voltage ................. -0.5 to VDD+0.5V DIC ‘Package «.s.25s sai iG sank tweiean .  T5°CIW — 16°C/W 
DC Diode Input Current (Any Input) ..............0eeeeees +20mA Flatpack Package ...........e.0eee. 64°C/(Ws12°C/W 
DC Drain Current (Any One Input)......... enGeweunaies 350mA Maximum Package Power Dissipation at +125°C 

DC VDD or Ground Current..... inte eae mien adware cress 400mA For T-=-55°C 10 100°C «ccc cwasveeas te sesaceuwatess 1W 
Storage Temperature Range .........-.. eee -65°C to +150°C For T = +100°C to +125°C......... Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10s)............eeeeeeee +300°C 

ESD Classification ............. ee MEE Pee RN OOS Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range........... cee eee +4.5V to +5.5V —_ Input Low Voltage (VIL)...............0008- OV to 0.3VDD Max 
Operating Temperature Range................ -55°C to +125°C ~—s Input High Voltage (VIH)....... pee ewes VDD to 0.7VDD Min 
Input Rise and Fall Time................... Sewanee 500ns Max » 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTE 1) GROUP A 


CONDITIONS SUBGROUPS seurerenne Pe aR UNITS 
meen [ae] 
Voltage 1O = -20mA (Notes 2, 6) - +125°C 
1,2,3 


O 
Low Level Output VOL VDD = VIH = 4.5V, -55°C, +25°C, - 
Voltage IO = 20mA, VIL = OV +125°C 


-55°C, +25°C, 
+125°C 
1,2,3 -55°C, +25°C, | 
+125°C 


| Differential Output 
Voltage 


VDD = VIH = 4.5V, 
RL = 1002, VIL =0V 
(Note 3) 


IVTI-IVTI | VDD = VIH = 4.5V, 
RL = 100, VIL = 0V 


(Note 3) 


Difference in 
Differential Output 


EE 


VOS -55°C, +25°C, 


+125°C 


Common Mode 
Output Voltage 


VDD = VIH = 4.5V, 
RL = 1002, VIL = OV 
(Note 3) 


-55°C, +25°C, 
+125°C 


Difference in 
Common Mode Output 


IVOS - VOSI | VDD = VIH = 4.5V, 


RL = 1000, VIL =0V 
(Note 3) 


High Level Input VIH VDD = 4.5V, 5.5V 
Voltage | (Note 5) 

VIL VDD = 4.5V, 5.5V 

(Note 5) 
Standby Supply IDDSB VDD = 5.5V, Output = 0, 
Current VIN = VDD or GND 
Tristate Output VDD = 5.5V, Force Voltage 
Leakage Current = OV or VCC 
VDD = 5.5V, VIN = VDD or 
. GND 

Output Leakage — IOFF VDD = OV, VOUT = 6V, OV 
Current Power OFF 


-55°C, +25°C, 0.7 Vv 
+125°C VDD 
-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 
-55°C, +25°C, +5 
+125°C 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 
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Specifications HS-26C31MS 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


ee 
‘ i ea 
+125°C 


+125°C 


(NOTE 1) 
CONDITIONS 


At-1.0mMA | 
At +1.0mA 
NOTES: 


1. All voltages referenced to device ground. 

. Force/Measure functions may be interchanged. 

. These test conditions are detailed in EIA specification RS-422. 

. Only one input pin set up to VIN per test. All other pins set to VCC or GND. 
. This parameter tested as inputs levels in VOL/VOH, IOZ, functional test. 

. VIL = 0.3VDD, VIH = 0.7VDD. 


GROUP A 
SUBGROUPS 


PARAMETER 


Input Clamp Voltage 


Ooah @ ND 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTES 1, 2) GROUP A | 
PARAMETER SYMBOL CONDITIONS SUBGROUPS TEMPERATURE 
Propagation Delay -TPLH, TPHL VDD = 4.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

Propagation Delay TPZH VDD = 4.5V -55°C, +25°C, 
+125°C 
| Propagation Delay TPZL VDD = 4.5V 
i = 4, -55°C, +25°C, 


-55°C, +25°C, 


+125°C 


Propagation Delay TPHZ VDD = 4.5V 
+125°C 
Propagation Delay TPLZ | VDD = 4.5V -55°C, +25°C, 
. . +125°C 
| Rise and Fall Times TTHL, TTLH =| VDD =4.5V -55°C, +25°C, 
| +125°C 
Output Skew | VDD = 4.5V, 
RL = 1009, 


NOTES: 
1. All voltages referenced to device ground. 
2. See Table EIA RS-422 


-55°C, +25°C, 
+125°C 


Pe _- ‘TABLE.3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) | LIMITS | 
PARAMETER ~ SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance | CIN . | VDD = Open, f= 1MHz -55°C, +25°C, 
+125°C 
Output Capacitance COUT VDD = Open, f = 1MHz -55°C, +25°C, 
+125°C 
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Specifications HS-26C31MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
(NOTE 1) 
PARAMETER SYMBOL |. CONDITIONS NOTES | TEMPERATURE | MIN | MAX.| UNITS 
Operating Short Circuit VDD = 5.5V, VIN = VDD or -55°C, +25°C, -150 | mA 
| 7 GND, VOUT = 0V +125°C 
On-State Resistance VDD = 4.5V, VOUT = 1.5V, -55°C, +25°C, 10 Q 
VIN = VDD or GND +125°C 


NOTES: 


1. Parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are character- 
ized upon initial design and after major design or process changes that affect these parameters. 
2. Only one output at a time may be shorted. . 


. 8. Power Up/Down Feature: Outputs will remain in the Hi-Z state with VDD < 2.5V and become active at VDD 2 4.0V. The active output 
State will be determined by the input conditions. ca 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are.the same as the parameters listed in tables 1, 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


[—~raraweren _[_Svmot | bELTA Lis _ 
VOH | 


O 
Input Leakage Current IIL, WH 


CONFORMANCE GROUPS | | METHOD -Q SUBGROUPS 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
ce Samples/5005 1,2, 3, 7, 8A, 8B, 9, 10, 11, Subgroups 1, 2, 3, 9, 10, 11 


Sannosso0s [OP 


Final Test 100%/5004 2, 3, 8A, 8B, 10, 11 ei ee 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
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Interim Test lil (Post-Burn-In) 100%/5004 | See Table 5" | 
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Specifications HS-26C31MS 


‘TABLE 7. TOTAL DOSE IRRADIATION 


TEST READ AND RECORD 
| _ CONFOMRANCE GROUPS = | PRE-RAD _POST-RAD _PRE-RAD POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS 125°C << 139°C, VCC = GV, +0 sy) —_ | 
TEST [oven [ eromo [vo | vawo [oon [mew 
Static Burn-in | 2,3, 5,6, 10, 11, 1, 4, 7, 8, 9, - 
ae 13, 14 12,15 oo 
Static Burn-in It 2,3, 5,6, 10, 11, 1, 4, 7, 9, 12, 
13, 14 15, 16 
"13, 14, 


NOTE: Each pin except for VOD and Ground will have a series resistor. 


TABLE 9. IRRADIATION TEST CONNECTIONS (Ta = +25°C, +5°C, VDD = 5V, +1 0%) 


rest [oven grouno [vp] vavop [sone asxne 


Radiation Exposure 2, 3, 5,6, 10, 11, 1, 4, 7, 9, 12, 
13, 14 15, 16 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


Propagation Delay Timing ae Propagation Delay Load Circuit 


C1 = C22 C3 = 40pF 
R1zR2=50Q 
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HS-26C31MS 


Tri-State Low Timing Diagrams Tri-State Low Load Circuit 


VIH 


21.5V 


C1 C2 = C3 = 40pF 
R1 =z R2 2500 
R3 = 5000 


TRIFSTATE LOW VOLTAGE LEVELS 


PARAMETER HS-26C31MSR | UNITS 
ee (OES 


a a 
ee en 


< 


<j<|]<|< 


Tri-State High Timing Diagrams Tri-State High Load Circuit 


VIH 
VSS 


21.5V 


OUTPUT 


C1 =C2=C3 = 40pF 
R1 = R2=502 
R3 = 5000 
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-HS-26C031MS 


Harris - Space Level Product Flow 


Wafer Lot Acceptance (All Lots) Method 5007 
(Includes SEM) - 


Radiation Verification (Each Wafer) Method 1019, 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects. 


100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1010 Condition C 
100% Constant Acceleration | | 
100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-In1: 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-in 2: 24 Hour, +125°C Min, Method 1015 


NOTES: 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA 


24 Hour, +125°C Min, Method 1015 — 


100% Interim Electrical Test 2 (Note 1) 


100% ak Burn-in 240 Hour, #125°C or eae 
Method 1015. | 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 (2 Views) 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) | 
Group B (Optional) Method 5005 (Class S) (Note 9). 
Group D (Optional) Method 5005 (Class S) (Note 2) 


_CSI and/or GSI (Optional (Note 2) 


Data Package Generation (Note 3) 


= 5% for subgroups 1, 7, 9 and.delta failures com- 


bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 


Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quanity). 


Certificate of Conformance (as found on shipper). 


Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 


Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 


Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 


X-Ray Report and File(s), including parameter measurements. 


GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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HS-26C31MS 


Metallization Topology 


DIE DIMENSIONS: | DIE ATTACH: 
87 mils x 188 mils | Silver Glass 
eee”) WORST CASE CURRENT DENSITY: 
METALLIZATION: <2.0 x 10°A/em? 
M1: Mo/Tiw 
Thickness: 5800A | BOND PAD SIZE: 110m x 100um 
M2: Al/Si/Cu 
Thickness: 1 okA +1 kA 
GLASSIVATION: 
Type: SiOz 


Thickness: 10kA + 1kA 


Metallization Mask Layout 


HS-26C31MS 


2 8 

S > > 
_~ mn 

~~ o wo 
= =r 


AOUT (2) " (14) DOUT 
AOUT (3) (13) DOUT 
Tht 
ENABLE (4) reed Fy) (12) ENABLE 


(11) COUT 


BOUT (6) (10) COUT . 
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BrarRs § HS-26C32MS 


Radiation Hardened 


December 1992 : Quad Differential Line Receiver 
Features | | Pinouts | 
e 1.2 Micron Radiation Hardened CMOS HS1-26C32MSR 16 PIN CERAMIC DUAL-IN-LINE 
CASE OUTLINE D2, CONFIGURATION 3 

- Total DoseUp to 300K BeDSY eee View 

- Dose Rate Upset > 1x10° RADs (Si)/s (20nS Pulse) 
e Latchup Free 16] VDD 
e EIA RS-422 Compatible Outputs BIN 
° TTL/CMOS Compatible Inputs oe 

il Sat , BOUT 

e Input Fail Safe Circuitry | fo] ENABLE 
e High Impedance Inputs when Disabled or Powered DOUT 

Down ral oink 
e Low Power Dissipation 138mW Standby (Max) ro] DIN 
e Single 5V Supply 


Full -55°C to +125°C Military Temperature Range 
| HS9-26C32MSR 16 PIN FLATPACK 
CASE OUTLINE F5A, CONFIGURATION 2 


Description TOP VIEW 


The Harris HS-26C32MSR is a differential line receiver 


designed for digital data transmission over balanced lines AIN 1° 
and meets the requirements of EIA standard RS-422. AIN 2 
Radiation hardened CMOS processing assures low power AOUT 3 
consumption, high speed, and reliable operation in the most 

ae ENABLE 4 
severe radiation environments. 

COUT 5 

The HS-26C32MSR has an input sensitivity of 200mV over CIN 6 
the common mode input voltage range of +7V. The receivers iN 7 
are also equipped with input fail safe circuitry, which causes Cup 


the outputs to go to a logic “1” when the inputs are open. 
Enable and Disable functions are common to all four 
receivers. 


Logic Diagram 
TRUTH TABLE 


| INPUTS OUTPUT 
_| ENABLE | ENABLE INPUT | 


ENABLE ENABLE DIN DIN CIN CIN BIN BIN AIN AIN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


File Number 3402 
Copyright © Harris Corporation 1992 9-38 


Specifications HS-26C32MS 


Absolute Maximum Ratings Reliability Information 

Supply Voltage....... CRE ee ee re re ey -0.5V to+7.0V Thermal Resistance Bia 8c 
Differential Input Voltage... ... 6... kee cece eee e cence eee +12V DIG Package sss 266 osioetewtaeace 75°CIW s16°C/W 
Common Mode Range .......... egret Woticaud tiacaeeene +12V Flatpack Package .............+eee- 64°C/W 12°C /W 
Enable Pins Input Voltage ...............4.. -0.5V to VDD+0.5V Maximum Package Power Dissipation at +125°C 

DC Drain Current (Any One Output)................0.0005 +25mA For T= -55°C to +100°C 2... ccc ccc we ree tne . IW 
DC Diode Input Current Enable Pin ............... ccc eee +1pA For T = +100°C to +125°C. ........ Derate Linearly at 13mW/°C 
Storage Temperature Range ................. -65°C to +150°C 
Lead Temperature (Soldering 10S)............0.00 cee. +300°C 

ESD Classilicalion's sae ntot evanes a ae anwstw es Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range...........e cece cence +4.5V to+5.5V Input Low Voltage (VIL).............0000 .. OV to 0.3VDD Max 
Operating Temperature Range...............- -55°C to+125°C ~— Input High Voltage (VIH).............2006- VDD to 0.7VDD Min 
Common Mode Range .............ceccececeeees Sarasin face +7.0V__ Input Rise and Fall Time........ Arn SD Mea eene aeee's 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 2) 
LIMITS 
TEMPERATURE 


-55°C, +25°C, 
+125°C 


GROUP A 
SUBGROUPS 


(NOTE 1) | 
CONDITIONS 


High Level Output VOH | VDD =4.5V, VDIFF = 1.0V, 
Voltage 1O = -6mA (Notes 2, 5) 
Low Level Output VOL — VDD = 4.5V, VDIFF = -1.0V, 
Voltage 1O = 6mA (Note 5) 
Differential Input VT VDD = VIH = 4.5V, 
Voltage -7.0V < VOM <7.0V 

; | | | 


UNITS 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, +200 +400 
+125°C Typical 


-55°C, +25°C, 0.7 
+125°C 

-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
OV and +V = OV, -V=10V +125°C 


VDD = 5.5, +V =-10V, -V= -55°C, +25°C, 
OV and +V = OV, -V=-10V +125°C 


mV 


Enabled High Level VDD = 4.5V, 5.5V (Note 4) 
Input Voltage 
Enabled Low Level VDD = 4.5V, 5.5V (Note 4) 
Input Voltage 


: V 
VDD 


oO 
ao 


—_ 


VDD = 5.5, +V = 10V, -V = 


wo 
“J 


| 


Input Leakage Enable VDD = 5.5V, VIN = OV, 5.5V -55°C, +25°C, 
Pins | +125°C 
Tri-State Output 102 VDD = 5.5V, VO = VDD or -55°C, +25°C, 
Leakage Current GND +125°C 
" 25 
VIC 


Standby Supply IDDSB VDD = 5.5V, VDIFF = 1.0V -55°C, +25°C, 
Current Outputs = Open 
Enable Clamp Voltage 


+125°C 


-55°C, +25°C, 
+125°C 
-55°C, +25°C, 

+125°C 


-55°C, +25°C, 4 
+125°C 


At -imA 


< 


-7V Ss VCMS7V 


1. All voltages referenced to device ground. 

2. Force/Measure functions may be interchanged 

3. These test condition are detailed in EIA specification RS-422 

4. This parameter tested as inputs for the VOL, VOH and IOZ tests. 
5. VIL = 0.3VDD, VIH = 0.7 VDD. 


O 
Oo 


H- 
ros) 
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Specifications HS-26C32MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
_ (NOTES 1,2) | GROUPA | , 
_ PARAMETER SYMBOL CONDITIONS | SUBGROUPS| TEMPERATURE | MIN | MAX | 
Propagation Delay Time TPLH, TPHL VDD = 4.5V, 9, 10, 11 -55°C, +25°C, 
| VDIFF = 2.5V | +125°C 
Propagation Delay Time | TPZH,TPZL | VDD=4.5V, 9,10,11: |  -55°C, +25°C, 
VDIFF = 2.5V +125°C 
| | } | | | Es tn 


Propagation Delay Time TPLZ, TPHZ VDD = 4.5V 9, 10, 11 -55°C, +25°C, 
. VDIFF = 2.5V +125°C 

Propagation Delay Time TTHL, TTLH VDD = 4.5V 9, 10, 11 -55°C, +25°C, 

TRISE/TFALL VDIFF = 2.5V +125°C 


NOTES: | | 
1. All voltages referenced to device ground. 


2. See Table EIA RS-422 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE 
Input Capacitance VDD = Open, f = 1MHz -55°C, +25°C, 


UNITS 


+125°C 


Output Capacitance COUT VDD = Open, f = 1MHz -55°C, +25°C, 
+125°C 
Fail Safe FSAFE + and - Inputs are Open, -55°C, +25°C, 
VOUT = Logic “1” 


+125°C 
NOTE: 


1. The parameters listed on Table 3 are controlled via design or process parameters. Min and Max limits are guaranteed but not directly 
tested. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2 and 3. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


SYMBOL DELTA LIMITS 
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Specifications HS-26C32MS 


TABLE 6. APPLICABLE SUBGROUPS 


TABLE 7. TOTAL DOSE IRRADIATION . 


TEST READ AND RECORD 
CONFOMRANCE GROUPS METHOD PRE-RAD POST-RAD PRE-RAD POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


POWER 
_ SUPPLY C 
1/2 VCC 
3,5, 11, 13 2,4,6,8,10,12, | 1,7,9, 15, 16 
14 
Static Burn-in II 3, 5, 11, 13 1,7, 8,9, 15 2, 4, 6, 10, 12, 
14, 16 
Dynamic Burn-In 4,16 1, 3, 5, 7, 9, 11, 2,6, 10, 14 
Option 1 13, 15 (Note 2) 
Dynamic Burn-in 4,16 1,7,9, 15 2, 6, 10, 14 
.| Option 2 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22.F must be used. 


POWER 
SUPPLY A 
vcc 


POWER 
SUPPLY B 
1/2VCC 


TABLE 9. IRRADIATION TEST CONNECTIONS (T, = +25°C, +5°C, VDD = 5V, +10%) 


vest | aren [aroun [veo | tavec | soxtie | aan 


Radiation Exposure 3,5,11,13 | 2,4,6,8,10,12,| 1,7,9, 15,16 Pe ee EF 
14 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22.F must be used. 
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HS-26C32MS 


Propagation Delay Timing Diagram —_—_| Propagation eed Load Circus 


. TEST 


DUT 
: -POINT 


-VIN: 


CL 
+VIN = OV 


CL =50pF | 
RL = 10002 = 


Tri-State Low Load Circuit 


VIH vec ‘2 
vss RL 
DUT 
_VOZ 
OUTPUT | 
VOL :---------------------- 
CL = 50pF 
RL = 1000 
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HS-26C32MS 
Tri-State High Timing Diagrams Tri-State High Load Circuit 
VIH DUT TEST 
vs POINT 
vss 
TPZH oe He 
VOW Seeeeso eee nee tees 
OUTPUT CL = 50pF 

yOz RL = 10000 = 

Harris - Space Level Product Flow 
Wafer Lot Acceptance (All Lots) Method 5007 100% Interim Electrical Test 2 (Note 1) 

(Includes SEM) 100% Dynamic Burn-In 240 Hour, +125°C or Equivalent, 
Radiation Verification (Each Wafer) Method 1019, Method 1015 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects 100% Interim Electrical 3 (Note 1) 

100% Temperature Cycling Method 1010 Condition C-. 100% Radiographics Method 2012 (2 Views) 

100% Constant Acceleration 100% External Visual Method 2009 

100% Particle Impact Noise Detection Testing Group A (All Tests) Method 5005 (Class S) 

100% External Visual Inspection Group B (Optional) Method 5005 (Class S) (Note 2) 
100% Serialization Group D (Optional) Method 5005 (Class S) (Note 2) 
100% Initial Electrical Test CSI and/or GSI (Optional (Note 2) 


100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 — Data Package Generation (Note 3) 
100% Interim Electrical Test 1 (Note 1) 
100% Static Burn-in 2: 24 Hour, +125°C Min, Method 1015 
NOTES: | 
1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 


bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 


PDA = 3% for subgroup 7 failures). 
2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 
Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 
Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of stép coverage. 
X-Ray Report and File(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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Metallization Topology 


DIE DIMENSIONS: 
84 mils x 130 mils 
(2140um x 3290pm) 


METALLIZATION: 
M1: Mo/Tiw 
Thickness: 5800A 
M2: AV/Si/Cu 
Thickness: 5800A 


GLASSIVATION: 
Type: SiO, 
Thickness: * 10kA + 1kA 


Metallization Mask Layout 


AouT (2) | | 


AOUT (3) zi hh 


HS-26C32MS 


DIE ATTACH: 
Silver Glass © 


WORST CASE CURRENT DENSITY: 
<2.0 x 10°A/em? 


BOND PAD SIZE: 110m x 100m 


HS-26CT32MS 


| |(14) DOUT 


Ye Lt (13) DOUT. 


_ 
_ ENAB (4) o—§ Bee a] (12) ENAB 


BOUT (5) 1 | pe mo ia (11) COUT 


ian  — — chit 
me Eris See 
pout 6) | jf toe fs 


(10) COUT 


= 

— 

om © 
HASSE 

_| Soe 

oe ; 

wT 

=z 

rs) 


GND (8) mi 
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BHARRIS HS-26CT31MS 


Radiation Hardened 


December 1992 | oe Quad Differential Line Driver 
Features Pinouts 
e 1.2 Micron Radiation Hardened CMOS HS1-26CT31MSR 16 PIN CERAMIC DUAL-IN-LINE 
- Total Dose Up to 300K RAD(Si) CASE OUTLINE D2, CONFIGURATION 3 
a TOP VIEW . 
- Dose Rate Upset > 1x10 RAD/Sec (20nS Pulse) 
e Latchup Free AIN | 1| VDD — 
¢ EIA RS-422 Compatible Outputs (Except for IOS) | AOUT [2, DIN 
° TTL Compatible Inputs AOUT [3) 14] DOUT 
ENABLE [4 DOUT 
¢ High Impedance Outputs when Disabled or Powered 5° gees ieee 
Down BOUT | 5| ENABLE 
issipation 2 W Standby (M BOUT [6 oe 
¢ Low Power D = pation 2.75mW Standby (Max) - aie 
@ Single 5V Supply anv [a ro] cIN 


e Low Output Impedance 10 or Less 


¢ Full -55°C to +125°C Military Temperature Range | 
HS9-26CT31MSR 16 PIN FLATPACK 
CASE OUTLINE F5A, CONFIGURATION 2 


Description TOP VIEW 
The Harris HS-26CT31MSR is a quad differential line driver 

designed for digital data transmission over balanced lines AIN e 

and meets the requirements of EIA standard RS-422. AOUT 


Radiation hardened CMOS processing assures low power 
consumption, high speed, and reliable operation in the most 
severe radiation environments. 


AOUT 
ENABLE 

BOUT 
The HS-26CT31MSR accepts TTL and converts them to BOUT 
RS-422 compatible outputs. This circuit uses special 
outputs that enable the drivers to power down without . 
loading down the bus. Enable and disable pins allow 
several devices to be connected to the same data source 
and addressed independantly. 


BIN 
GND 


an oo wo 2&2 © ND = 


”) 
az 
2) 
= 
oan | 

<6 
= 9 
wi S 
Os 
= 
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Logic Diagram 
TRUTH TABLE 


ENABLE ENABLE DIN CIN BIN AIN- DEVICE 
POWER 


DO DO co CO BO BO AO AO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2929 
Copyright © Harris Corporation 1992 9-45 


Specifications HS-26CT31MS 


Absolute Maximum Ratings | Reliability Information 

Supply Voltage ...... cece ee ee cee teens -0.5V to+7.0V Thermal Resistance ia 0. 
Input, Output or I/O Voltage .............00e. -0.5 to VDD+0.5V DIG: Package s.iivosewsue Tse sah ees 75°CWW 16°C 

DC Diode Input Current (Any Input) ................. Te +20mA Flatpack Package ...............8-: 64°C/W 12°C /W 
DC Drain Current (Any One Input)............ cee eee eee 350mA Maximum Package Power Dissipation at +125°C 

DC VDD or Ground Current ....... 0. ccc cece wee e en eees 400mA For T =-55°C to +100°C 0... ee c ccc cece ne eces 1wW 
Storage Temperature Range ................. -65°C to +150°C For T = +100°C to +125°C....... . Derate Linearly at 13mW/°C 
Lead Temperature (Soldering 10S)............cceeeees +300°C 

ESD Classification soi. 0566 eae vd oie Sees ence ds Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the davice. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range...... ssugceuteeh enna +4.5V to +5.5V Input Low Voltage (VIL)... 1... ... eee ee eee ee OV to 0.8V Max 
Operating Temperature Range................ -55°C to +125°C —s Input High Voltage (VIH)...............06- VDD to VDD/2V Min 
Input Rise and Fall Time. ........ 0... cee eee eee ee 500ns Max . 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS , 
(NOTE 1) GROUP A 
PARAMETER | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
High Level Output VOH VDD. = 4.5V, and 5.5V -55°C, +25°C, Vv 
Voltage - 1|10=-20mA (Notes 2, 6) +125°C | 
Low Level Output VOL VDD = VIH = 4.5V and 5.5V -55°C, +25°C, V 
Voltage IO = 20mA , VIL = OV +125°C 
(Notes 2, 6) 
Differential Output VT VDD = VIH = 4.5V, -55°C, +25°C, Vv 
Voltage RL = 100Q, VIL = OV +125°C 
. (Note 3) 
Difference in “| IVTI-IVTL | VDD = VIH = 4.5V, | -55°C, +25°C, V 
Differential Output RL = 100Q, VIL =0V +125°C 
| (Note 3) 
Common Mode | VOS VDD = VIH = 4.5V, 1,2,3 -55°C, +25°C, V 
Output Voltage RL = 1000, VIL=0V +125°C 
(Note 3) 
Difference in IVOS - VOSI | VDD = VIH = 4.5V, -55°C, +25°C, Vv 
Common Mode Output RL = 1000, VIL=0V +125°C 
(Note 3) 
High Level Input VIH VDD = 4.5V, 5.5V 55°C, 425°C, | VDD/ V 
Voltage (Note 5) +125°C 2.0 
Low Level Input VIL VDD = 4.5V, 5.5V -55°C, +25°C, V 
Voltage (Note 5). . 7 +125°C 
Standby Supply | IDDSB VDD = 5.5V, Output = 0, -55°C, +25°C, 500 pA 
Current VIN = VDD or GND +125°C 
Tristate Output 1OZ VDD = 5.5V, Force Voltage -55°C, +25°C, +5 pA 
Leakage Current — | =0Vor VCC +125°C 
Delta Supply Current AICC VDD = 5.5V, 7 -55°C, +25°C, mA 
VIN = 2.4V, 0.5V +125°C 
Input Leakage VDD = 5.5V, VIN = VDD or 1,2,3 -55°C, +25°C, +1.0 pA 
GND +125°C 
Output Leakage IOFF VDD = OV, VOUT = 6V, OV -55°C, +25°C, -100 100 pA 
Current Power OFF +125°C 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


- (NOTE 1) GROUP A 
PARAMETER SYMBOL |. CONDITIONS SUBGROUPS | TEMPERATURE 
Input Clamp Voltage VIC At -1.0mA _ -55°C, +25°C, 
+125°C 
At +1.0mA 1,2,3 -55°C, +25°C, 
+125°C 
NOTES: ~s 


1. All voltages referenced to device ground. 

. Force/Measure functions may be interchanged. 

. These test conditions are detailed in EIA specification RS-422. 

. Only one input pin set up to VIN per test. All other pins set to VCC or GND. 
. This parameter tested as inputs levels in VOL/VOH, IOZ, functional test. 

. VIL = 0.8V, VIH = VCC/2. 


Ont ® ND 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
(NOTES 1, 2) GROUP A 


SYMBOL CONDITIONS | SUBGROUPS TEMPERATURE 

Propagation Delay TPLH, TPHL | VDD=4.5V -55°C, +25°C, 
+125°C 

Propagation Delay TPZH VDD = 4.5V 9, 10, 11 -§5°C, +25°C, 
+125°C 

Propagation Delay TPZL VDD = 4.5V -55°C, +25°C, 
| | — +125°C 

Propagation Delay TPHZ VDD = 4.5V -55°C, +25°C, 
+125°C 

‘| Propagation Delay TPLZ VDD = 4.5V | -55°C, +25°C, 

9, 10, 11 


85°C, +25°C, 
+125°C 


+125°C 
Rise and Fall Times TTHL, TTLH VDD = 4.5V | 
Output Skew TSKEW VDD = 4.5V, 


RL = 1002, 
NOTES: Oe 


CL = 40pF 
1. All voltages referenced to device ground. 
2. See Table EIA RS-422 | 
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-55°C, +25°C, 
+125°C 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | 7 (NOTE 1) | 
ewoo | obtide | ores | rawerarne [i [| er 
Input Capacitance Cl VDD = Open, f = 1MHz -55°C, +25°C, pF 
pene > 2 eee ee 
ain Go ll 


Specifications HS-26CT31MS 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| ; —_ | LIMITS | 
a | (NOTE 1) 
PARAMETER | SYMBOL | — CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
‘Operating Short Circuit VDD = 5.5V, VIN = VDD or _ -55°C, +25°C, “mA 
aoa ae GND, VOUT = 0V 125°C © 
-On-State Resistance VDD = 4.5V, VOUT = 1.5V, eee -55°C, +25°C, 10 Q 
ae VIN = VDD or GND ~ 1 4425°C 


NOTES: 


1. Parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are character- 
ized upon initial design and after major design or process changes that affect these parameters. 


2. Only one output at a time may be shorted. . 


3. Power Up/Down Feature: Outputs will remain in the Hi-Z state with VDD s 2.5V and become active at VDD 2 4.0V. The active output 
state will be determined by the input conditions. -* : . 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2. 


TABLE.5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


Input Leakage Current IIL, WH +150nA | | 


. TABLE 6. APPLICABLE SUBGROUPS 


CONFORMANCE GROUPS METHOD | : -Q SUBGROUPS READ AND RECORD 


Initial Test (Pre Burn-in) 100%/5004 See Table 5 
Interim Test | (Post:Burn-In) | 100%/5004 _. SeeTable5 


Interim Test Ill (Post-Burn-In) ~— 100%/5004 SeeTable5 
100%/5004 WGA coe a 


1002%/5004 17,948 a ae 
Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11, A Subgroups 1, 2, 3, 9, 10, 11 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


Group B 


Interim Test II (Post Burn-in) -400%/5004 See Table 5 
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TABLE 7. TOTAL DOSE IRRADIATION: 


TEST READ AND RECORD 


CONFOMRANCE GROUPS METHOD PRE-RAD POST-RAD PRE-RAD _ POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


test | ren crounp [vp] tavop | sake | 25K 
Static Burn-In | 2,3, 5,6, 10, 11, 1, 4, 7, 8, 9, 16 
13, 14 12, 15 
Static Burn-in Il 2,3, 5,6, 10, 11, 1,4, 7,9, = 
13, 14 15, 16 
Dynamic Burn-In 4, 16 2,3, 5,6, 10, 11, 1,7,9, 15 
13, 14 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


TABLE 9. IRRADIATION TEST CONNECTIONS (Ta = +25°C, +5°C, VDD = 5V, +10%) 


Radiation Exposure 2,3, 5,6, 10, 11, 1,4, 7, 9, 12, 
13, 14 15, 16 


NOTE: Each pin except for VDD and Ground will have a series resistor. 


Propagation Delay Timing Diagram Propagation Delay Load Circuit | 
VIH 


VIL 


OUTPUT 


(C1 =C2=C3 = 40pF 
R1 = R2= 500 
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~HS-26CT31MS° 


Tri-State Low Timing Diagrams a Tri-State Low Load Circuit 


21.5V 


C1 = C2 = C3 = 40pF ; 
R1 «x R2 2500 
ad = 5000 . 
| Tri-State High Load Circuit 
21.5V 


C1 =C2=C3 =40pF 
R1 = R2 #500 
R3 = 500Q 
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HS-26CT31MS 
Harris - Space Level Product Flow 
Wafer Lot Acceptance (All Lots) Method 5007. 100% Interim Electrical Test 2 (Note 1) 
(Includes SEM) ; ‘5 
100% Dynamic Burn-in 240 Hour, +125°C or Equivalent, 
Radiation Verification (Each Wafer) Method 1019, Method 1015 


300k RAD (Si), 4 Samples/Wafer, 0 Rejects 

100% Nondestructive Bond Pull Method 2023 

100% Internal Visual Inspection Method 2010 

100% Temperature Cycling Method 1010 Condition C 


100% Constant Acceleration 


100% Interim Electrical 3 (Note 1) 

100% Final Electrical Test 

100% Fine and Gross Seal Method 1014 

100% Radiographics Method 2012 (2 Views) 

100% External Visual Method 2009 

Group A (All Tests) Method 5005 (Class S) 

Group B (Optional) Method 5005 (Class S) (Note 2) 
Group D (Optional) Method 5005 (Class S) (Note 2) 
CSI and/or GSI (Optional (Note 2) 


Data Package Generation (Note 3) 


100% Particle Impact Noise Detection Testing 

100% External Visual Inspection 

100% Serialization 

100% Initial Electrical Test 

100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 
100% Interim Electrical Test 1 (Note 1) 

100% Static Burn-In 2: 24 Hour, +125°C Min, Method 1015 


NOTES: 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 
bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures combined, 
PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. 


3. Data Package Contents: 
Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). 
Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and File(s), including parameter measurements. 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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Metallization Topology 
DIE DIMENSIONS: 


HS-26CT31MS 


DIE ATTACH: 
84 mils x 130 mils SilverGlass | : 
ce 1S0umn x g200um) WORST CASE CURRENT DENSITY: 
METALLIZATION: <2.0x10°A/cm?, 
Be ae A BOND PAD SIZE: 110ym x -400um : 
M2: AVSi/Cu | 
Thickness: 5800A 
GLASSIVATION: 
Type: SiO, 


Thickness: 10kA + 1kA 


Metallization Mask Layout 


AOUT (2) | | 
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HS-26C32MS 
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wHARRIS HS-26CT32MS 


Radiation Hardened 


December 1992 : Quad Differential Line Receiver 
Features Pinouts | 
e 1.2 Micron Radiation Hardened CMOS HS1-26CT32MSR 16 PIN CERAMIC DUAL-IN-LINE 


TOP VIEW 


- Dose Rate Upset > 1x10° RADs (Si)/s (20nS Pulse) 
e Latchup Free 
EIA RS-422 Compatible Outputs 
e TTL/CMOS Compatible Inputs 
Input Fail Safe Circuitry 


e High Impedance Inputs when Disabled or Powered 
Down 


¢ Low Power Dissipation 138mW Standby (Max) | 


Single 5V Supply 
Full -55°C to +125°C Military Temperature Range 


HS9-26CT32MSR 16 PIN FLATPACK 


“as CASE OUTLINE F5A, CONFIGURATION 2 
Description TOP VIEW 


The Harris HS-26CT32MSR is a differential line receiver 
designed for digital data transmission over balanced lines AIN 
and meets the requirements of EIA standard RS-422. AIN 
Radiation hardened CMOS processing assures low power AOUT 
consumption, high speed, and reliable operation in the most 

any ENABLE 
severe radiation environments. ae 


The HS-26CT32MSR has an input sensitivity of 200mV over CIN 
the common mode input voltage range of +7V. The receivers 
are also equipped with input fail safe circuitry, which causes 
the outputs to go to a logic “1” when the inputs are open. 
Enable and Disable functions. are common to all four 
receivers. | 


@ 


‘CIN 
GND 


on out oO ND = 


Yy) 
= 
s) 
_ 
= | 

<6 
iS 
Ys 
= 
Oo 
O 


Logic Diagram 
TRUTH TABLE 


ENABLE ENABLE DINDIN CINCIN  BINBIN  AINAIN- DEVICE INPUTS OUTPUT 
® 
ENABLE | ENABLE | INPUT a 


X 


ae ee? 
me 
| x | 
Lae 
i | 
a ae eae 
i ee ee 
ee i 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 2930 
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Specifications HS-26CT32MS 


Absolute Maximum Ratings | Reliability Information 


SUDDIV VONAQO ise ieaeiwia dae Saar indaeeae sane -0.5V to+7.0V Thermal Resistance Oia Bic 
Differential input Voltage...... Naa aube ae Ae eu ea es +12V DIG PACKAde 2.6 wees ne Sendl sere Weu 7T5°C/W s16°C/W 
Common Mode Range .......... ccc ccc cece ccc cess eecnees +12V Flatpack Package .................. 64°C/W 12°C /W 
Enable Pins Input Voltage ............. ',...°0.5V to VDD+0.5V Maximum Package Power Dissipation at +125°C . . 
DC Drain Current (Any One Output)..............ccee eens +25mA For T = -55°C to +100°C 0... ccc cc cee ce teens 1W 
DC Diode Input Current Enable Pin ..................0 cece +1pA For T = +100°C to +125°C......... Derate Linearly at 18mW/°C 
Storage Temperature Range ...............6. -65°C to +150°C 3 * 
Lead Temperature (Soldering 10s)............00ceeee +300°C 

ESD Classification ....... Gutters Wet argeasatadh ants eeihteresne CASS 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | 
Operating Voltage Range............ weveesees +4.5V to +5.5V Input Low Voltage (VIL).............005 ash ners OV to 0.8V Max 


Operating Temperature Range........ Wee ee -55°C to +125°C — Input High Voltage (VIH)................4. VDD to VDD/2V Min 
Common Mode Range ..............2.06% se ceeeeeseeenes +7.0V___ Input Rise and Fall Time. ............. cece ewes 500ns Max 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


(NOTE 2) 
LIMITS 


(NOTE 1) GROUP A 
CONDITIONS SUBGROUPS 


High Level Output VOH VDD = 4.5V, VDIFF = 1.0V, 
| Voltage IO = -6mA (Notes 2, 5) 


UNITS 


| MAX | 
ae ee Vv 


TEMPERATURE 


-55°C, +25°C, 
+125°C 


Low Level Output VOL VDD = 4.5V, VDIFF = -1.0V, -55°C, +25°C, V 
Voltage iO = 6mA (Note 5) +125°C 


Differential Input VTH VDD = VIH = 4.5V, . -55°C, +25°C, +200 +400 mvV- 
Voltage -7.0V < VCM <7.0V +125°C Typical 
Enabled High Level VIH VDD = 4.5V, 5.5V (Note 4) -55°C, +25°C, | VDD/ V 
Input Voltage (+125°C 2.0 
Enabled Low Level VIL VDD = 4.5V, 5.5V (Note 4) 1,2,3 -55°C, +25°C, V 
Input Voltage | +125°C 
VDD = 5.5, +V = 10V, -V = -55°C, +25°C, mA 
OV and +V = OV, -V = 10V +125°C 
VDD = 5.5, +V =-10V, -V= -55°C, +25°C, -2.7 mA 
OV and +V = OV, -V = -10V +125°C © | 
Input Leakage Enable VDD = 5.5V, VIN = OV, 5.5V -55°C, +25°C, +1.0 pA 
Pins . +125°C 
Tri-State Output lOZ =| VDD = 5.5V, VO = VDD or -55°C, +25°C, yA 
Leakage Current . 7 GND +125°C 
Standby Supply IDDSB VDD = 5.5V, VDIFF = 1.0V -55°C, +25°C, mA 
Current | Outputs = Open © +125°C : 
Enable Clamp Voltage | . VIC At-1mA -55°C, +25°C, “1.5 V 
. +125°C 
Input Hysteresis VHYST he -55°C, +25°C, 20 100 mV 
- | +125°C 
Input Resistance — -7V < VCM<7V -55°C, +25°C, 20 kQ 
—— +125°C 


1. All voltages referenced to device ground. 

2. Force/Measure functions may be interchanged 

3. These test condition are detailed in EIA specification RS-422. _ 
4. This parameter tested as inputs for the VOL, VOH, IOZ tests. 

5. VIL = 0.8V and VIN = VDD/2. 


9-54 


Specifications HS-26CT32MS 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
LIMITS 
(ores 1,2) | GRouPA | ums 
PARAMETER SYMBOL CONDITIONS |SUBGROUPS| TEMPERATURE | MIN | MAX | 
Propagation Delay Time TPLH, TPHL VDD = 4.5V, -55°C, +25°C, 40 
VDIFF = 2.5V 4+125°C 
Propagation Delay Time TPZH, TPZL VDD = 4.5V, 9, 10, 11 -55°C, +25°C, 18 
VDIFF = 2.5V +125°C 
an Sek 


Propagation Delay Time TPLZ, TPHZ VDD = 4.5V, 9, 10, 11 -55°C, +25°C, 

; VDIFF = 2.5V +125°C 
Propagation Delay Time TTHL, TTLH VDD = 4.5V, -55°C, +25°C, 
TRISE/TFALL VDIFF = 2.5V +125°C 


NOTES: 


1. All voltages referenced to device ground. 
2. See Table EIA RS-422 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| (NOTE 1) | LIMITS 
PARAMETER SYMBOL CONDITIONS NOTES | TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance CIN VDD = Open, f = 1MHz -55°C, +25°C, 
. +125°C 


Output Capacitance COUT VDD = Open, f = 1MHz 1 -55°C, +25°C, 12 pF 
+125°C 
FSAFE +and- Inputs are Open, . -55°C, +25°C, 
VOUT = Logic “1” 


+125°C 
1. The parameters listed on Table 3 are controlled via design or process parameters. Min and Max limits are guaranteed but not directly 
tested. These parameters are characterized at initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS 
The post irradiation electrical performance characteristics are the same as the parameters listed in tables 1, 2 and 3. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) AND GROUP B, SUBGROUP 5 DELTA PARAMETERS 


PARAMETER SYMBOL DELTA LIMITS 
Standby Supply Current IDDSB 


High Level Output Voltage +150mV 
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Specifications HS-26CT32MS 


‘TABLE 6. APPLICABLE SUBGROUPS 


METHOD -Q SUBGROUPS 


READ AND RECORD 


Poa CSCsooe dC CdSCOSCSCSCSC~C~* 
Feared Cte iY AKO |S” 
[eoma «i —Sarpsso0s fC TeA ORS fC 
ee ee 


Samples/5005 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


TABLE 7. TOTAL DOSE IRRADIATION 


TEST ‘ READ AND RECORD 
METHOD PRE-RAD POST-RAD PRE-RAD POST-RAD 


TABLE 8. BURN-IN TEST CONNECTIONS (+125°C < T, < 139°C, VCC = 6V, +0.5V) 


POWER 
SUPPLY C 

| . 1/2vCc 1/2 VCC 

Static Burn-in | 2,4,6,8,10,12, | 1, 7,9, 15, 16 
14 
Static Burn-in Il 1, 7, 8,9, 15 2, 4, 6, 10, 12, 
14, 16 

Dynamic Burn-In ‘4,16 1,3, 5, 7,9, 11, 2, 6, 10, 14 
Option 1 13, 15 (Note 2) 
Dynamic Burn-in 4,16 — | 1,7,9, 15 2, 6, 10, 14 
Option 2 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. (For static BI, R = 10kQ +5%, for dynamic BI, R = 680Q +5%) 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22.F must be used. 


TABLE 9. IRRADIATION TEST CONNECTIONS (Ta = +25°C, +5°C, VDD = 5V, +10%) 


14 


NOTES: 
1. Each pin except for VCC and GND will have a series resistor. (R = 47kQ +5%). 
2. When connecting the - inputs and their associated outputs to the same supply, a power supply bypass capacitor of 22.F must be used. 


9-56 


HS-26CT32MS 


Propagation Delay Timing Diagram Propagation Delay Load Circuit 
DUT TEST 
POINT 
-VIN 
CL 
- +VIN = OV 
ie CL = 50pF 
OUTPUT’ RL = 10000 ol 
VOL 
Tri-State Low Load Circuit 
VIH ycc 
vss RL 
TEST 
saad POINT . 
voz CL 


OUTPUT 


CL = 50pF 
RL = 10000 


~ 
<= 
Oo 
== 
oa | 

iG 
cs 
us 
Ys 
s 
O 
O 


VOL + 0.5 
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HS-26CT32MS 


Tri-State High Timing Diagrams  _—__—___—si| Tri-State High Load Circuit 


DUT TEST 
‘ POINT ~~ 
CL | 
CL = 50pF 
RL = 10000 =. 
Harris - Space Level Product Flow 2 see Sear, 
Wafer Lot Acceptance (All Lots) Method 5007 — 100% Interim Electrical Test 2 (Note 1) 
(Includes SEM) ~ 100% Dynamic Burn-in 240 Hour, +125°C or Equivalent, 
Radiation Verification (Each Wafer) Method 1019, _. Method 1015 
300k RAD (Si), 4 Samples/Wafer, 0 Rejects 100% Interim Electrical 3 (Note 1) 
-100% Nondestructive Bond Pull Method 2023 ~ . 400% Final Electrical Test 
100% Internal Visual Inspection Method 2010 100% Fine and Gross Seal Method 1014 
100% Temperature Cycling Method 1010 Condition C - 100% Radiographics Method 2012 (2 Views) 
100% Constant Acceleration 100% External Visual Method 2009 
100% Particle Impact Noise Detection Testing Me +2 . Group A (All Tests) Method 5005 (Class S) 
100% External Visual Inspection Group B (Optional) Method 5005 (Class S) (Note 2) 
100% Serialization 7 Group D (Optional) Method 5005 (Class S) (Note 2) 
100% Initial Electrical Test . CSI and/or GSI (Optional (Note 2) 


100% Static Burn-In1: 24 Hour, +125°C Min, Method 1015 —_ Data Package Generation (Note 3) 
100% Interim Electrical Test 1 (Note 1) - 

100% Static Burn-In 2: 24 Hour, +125°C Min, Method 1015 

NOTES: 


1. Failure from interim electrical tests 1 and 2 are combined for determining PDA (PDA = 5% for subgroups 1, 7, 9 and delta failures com- 
bined, PDA = 3% for subgroup 7 failures). Interim electrical tests 3 PDA (PDA = 5% for enue 1,7, 9 and delta failures combined, 
PDA = 3% for subgroup 7 failures). 


2. These steps are optional, and should be listed on the purchase order if required. " 


3. Data Package Contents: 
Cover Sheet (P.O. Number, Customer Number, Lot Date Code, Harris Number, Lot Number, Quantity). 
Certificate of Conformance (as found on shipper). 
Lot Serial Number Sheet (Good Unit(s) Serial Number and Lot Number). . 
Variables Data (All Read, Record, and delta operations). 
Group A Attributes Data Summary. 
Wafer Lot Acceptance Report (Method 5007) to include SEM photos. NOTE: SEM photos to include % of step coverage. 
X-Ray Report and File(s), including parameter measurements. _ 
GAMMA Radiation Report with initial shipment of devices from the same wafer lot; containing a Cover Page, Disposition, Rad Dose, 
Lot Number, Test Package, Spec Number(s), Test Equipment, etc. Irradiation Read and Record data will be on file at Harris. 
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HS-26CT32MS 
Metallization Topology 
DIE DIMENSIONS: DIE ATTACH: 
84mils x 130 mils Silver Glass 
(2140um x 3290) WORST CASE CURRENT DENSITY: 
METALLIZATION: <2.0 x 10°A/cm2 
M1: Mo/Tiw 
Thickness: 5800A BOND PAD SIZE: 110um x 100um 
M2: AVSi/Cu 
Thickness: 10kA +1kA 
GLASSIVATION: 


Type: SiO. 
Thickness: 10kA + 1kA 


Metallization Mask Layout 


HS-26C/T32RH 
a z 
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o ip 
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rt 
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ee 
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AOUT (2) | | oF ie | |(14) DouT 
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MICROPROCESSOR DATA SHEETS 


HS-80C85RH 
HS-80C86RH 


MICROPROCESSORS 


PAGE 
Radiation Hardened 8-Bit CMOS Microprocessor... ........ cc cece e ce tee eee eens 10-3 
Radiation Hardened 16-Bit CMOS Microprocessor... ........ 2c cece eee eee eee eens 10-23 
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uPROCESSORS 


gw hHaRRIS § HS-80C85RH 


Radiation Hardened 


December 1992 | | _ 8-Bit CMOS Microprocessor 
Features : Pinouts 
° Radiation Hardened EPI-CMOS _ , HS-80C85RH 40 LEAD BRAZE SEAL DIP 


TOP VIEW 


- Transient Upset > 1 x 10° RAD(Si)/s 

- Latch-up Free > 1 x 10'? RAD(SiVs 

Low Standby Current 5001A Max 

¢ Low Operating Current 5.0mA/MHz (X, Input) 
¢ Electrically Equivalent to Sandia SA 3000 

¢ 100% Software Compatible with INTEL 8085 

¢ Operation from DC to 2MHz, Post Radiation 

e¢ Single 5 Volt Power Supply © 

¢ On-Chip Clock Generator and System Controller 
e Four Vectored Interrupt Inputs . 

Completely Static Design 

e Self Aligned Junction Isolated (SAJI) Process. 
e Military Temperature Range -55°C to +125°C 


VDD 

9 HOLD 

p} HLDA 
CLOCK OUT 


b] RESET IN 
READY 


Description 


The HS-80C85RH is an 8-bit CMOS microprocessor fabricated using the 
Harris radiation hardened self-aligned junction isolated (SAJI) silicon gate 


technology. Latch-up free operation is achieved by the use of epitaxial : 

starting material to eliminate the parasitic SCR effect seen in conventional ; PS 

bulk CMOS devices. 

The HS-80C85RH is a functional logic emulation of the HMOS 8085 and its | HS-80C85RH 42 LEAD BRAZE SEAL FLATPACK 
instruction set is 100% software compatible with the HMOS device. The HARRIS RCN Aae Coen 


HS80C85RH is designed for operation with a single 5 volt power supply. Its TOP VIEW 


high level of integration allows the construction of a radiation hardened 


microcomputer system with as few as three ICs (HS-80C85RH CPU, x1 Rea 1- 
HS83C55RH ROM I/O, and the HS-81C55/56RH RAM I/O. X2e= =a 
——<—<—$—__$$—S$ | RESET 3 o 
OUT 
unenenal Diagram sop = ==l/4 3 
INTA ns RST RST .< sIDc 5 y”) 
iINTR 6.5 7.5 TRAP SID SOD TRAP 6 BS 
| RST 7.5 = ~Eal7 © 
SHIT 7 RST 6.5 ==ilg a 
INTERNAL DATA BUS =a 


‘| RST5.5 c= 


INTR& 
accuMU. | [TEMP REG || FLAG (5) INSTRUCTION || BREG(s) | CREG(s) | INTA 
LATOR (8) (8) FLIP FLOPS REGISTER (8) Y DREG(8) |_E REG (8) | % ADo : 

: | HREG(s) | LREG(8) |] & AD1 = 
ARITHMETIC INSTRUCTION STACK POINTER (16 ts AD2 = 
LOGIC DECODER || PROGRAM COUNTER (16 AD3 = 
UNIT 

CYCLE INCREMENTER Wi 
ALY) (@) ENCODING DECREMENTER c as. 
power f —> VoD ADDRESS LATCH (16) Nc 
SUPPLY | ——»> GND | NC= 

x1 CLK TIMING AND CONTROL RESET ADDRESS IIDATA ADDRESS AD5 3 

x2 GEN CONTROL STATUS DMA = —A— Jl ourren (8 BUFFER (8 AD6 =: 
2 AD7 

READY ¥ WR Y So V IO/M | HLDA | RESET| A15-A8 AD1-ADO 

CLK ALE St RESET ouT |ADDRESS| | ADDRESS 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3036 


Copyright © Harris Corporation 1992 
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HS-80C85RH 


Pin Description 


| PIN | 
_ SYMBOL NUMBER DESCRIPTION 
A8 -A15 1 -28 Address Bus: The most significant 8 bits of the memory address or the 8 bits of the /O address, 
3-stated during Hold and Halt modes and during RESET. 


ADO-7 Multiplexed Address/Data Bus: Lower 8 bits of the memory address (or I/O address) appear on 
the bus during the first clock cycle (T state) of a machine vee tt then becomes the data bus 
during the second and third clock cycles. 


Address Latch Enable: It occurs during the first clock state of a machine cycle and enables the 
address to get latched into the on-chip latch of peripherals. The falling edge of ALE is set to guar- 
antee setup and hold times for the address information. The falling edge of ALE can also be used 
to strobe the status information. ALE is never 3-stated. 


Machine Cycle Status: 


SO, S1, and 
1O/M 


lo Si SO Status 

0 0 1° Memory write 
0 1 0 Memory write 
1 0 1 I/O write 
1 1 0 I/O read 
0 1 1 Opcode fetch 
1 1 1 Opcode fetch 
1 4 1 interrupt acknowledge 
T 0 0 Halt 
T X X Hold . 
T 


X X Reset — 
_T =3-State (high impedance) | 
X = Unspecified 


S1 can be used as an advanced R/W status. IO/M, SO and S1 become valid at the beginning of 
a machine cycle and remain stable throughout the cycle. The falling edge of ALE may be used 
to latch the state of these lines. ; 


Read Control: A low level on RD indicates the selected memory or I/O device is to be read and 
‘that the Data Bus is available for the data transfer, 3-stated during Hold and Halt modes and dur-. 
ing RESET. 


Write Control: A low level on WR indicates the data on the Data Bus is to be written into the se- 
lected memory or I/O location. Data is set up at the trailing edge of WR, 3-stated during Hold and 
Halt modes and during RESET. | 


Ready: If READY is high during a read or write cycle, it indicates that the memory or peripheral 
is ready to.send or receive data. If READY is low, the cpu will wait an integral number of clock 
cycles for READY to go high before completing the fo or write cycle. READY must conform to 
specified setup and hold times. 


Hold: Indicates that another master is requesting the use of the address and data buses. The 
cpu, upon receiving the hold request, will relinquish the use of the bus as soon as the completion 
of the current bus transfer. Internal processing can continue. The processor can regain the bus 
only after the HOLD is removed. When the HOLD is acknowledged, the Address, Data Bus, RD, 
WR, and IO/M lines are 3-siated. —_ 


Hold Acknowledge: Indicates that the cpu has received the HOLD request and that it will telin- 
quish the bus in the next clock cycle. HLDA goes low after the Hold ble is removed. The cpu 
takes the bus one half clock cycle after HLDA goes low. re + 


HLDA 
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HS-80C85RH 


Pin Description (Continued) 


_ SYMBOL DESCRIPTION ; 


Interrupt Request: Is used as a general purpose interrupt. It is sampled only during the next to 
the last clock cycle of an instruction and during Hold and Halt states. If it is active, the Program 
Counter (PC) will be inhibited from incrementing and an INTA will be issued. During this cycle a 
RESTART or CALL instruction can be inserted to jump to the interrupt service routine. The INTR 
is enabled and disabled by software. It is disabled by Reset and immediately after an interrupt is 
accepted. 


NUMBER 


INTR 


Interrupt Acknowledge: Is used instead of (and has the same timing as) RD during the Instruc- 
tion cycle after an INTR is accepted. It can be used to activate an 8259A Interrupt chip or some 
other interrupt port. 


Restart Interrupts: These three inputs have the same timing as INTR except they cause an 
internal RESTART to be automatically inserted. 

The priority of these interrupts is ordered as shown in Table 6. These interrupts have a higher 
priority than INTR. In addition, they may be individually masked out using the SIM instruction. 


Trap: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the same time as 
INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt Enable. It has the highest priority 
of any interrupt. (See Table 6.) 


RESET IN 


Reset In: Sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. 
The data and address buses and the control lines are 3-stated during RESET and because of 
the asynchronous nature of RESET the processor's internal registers and flags may be altered 
by RESET with unpredictable results. RESET IN is a Schmitt-triggered input, allowing connec- 
tion to an R-C network for power-on RESET delay (see Figure 1). Upon power-up, RESET IN 
must remain low for at least 10 “clock cycle” after minimum VDD has been reached. For proper 
reset operation after the power-up duration, RESET IN should be kept low a minimum of three 
clock periods. The CPU is held in the reset condition as long as RESET IN is applied. 


Reset Out: Reset Out indicates cpu is being reset. Can be used as a system reset. The signal 
is synchronized to the processor clock and lasts an integral number of clock periods. 
X1 and X2: Are connected to a crystal, LC, or RC network to drive the internal clock generator. 


X, can also be an external clock Input from a logic gate. The input frequency is divided by 2 to 
give the processor's internal operating frequency. 


Clock: Clock output for use as a system clock. The period of CLK is twice the X1, X2 input 
period. 


‘Serial Input Data Line: The data on this line is loaded into accumulator bit 7 whenever a RIM 
instruction is executed. 


Serial Output Data Line: The output SOD is set or reset as specified by the SIM instruction. 
Power: +5V supply. | , 
Ground: Reference. 


RESET IN 


a") 
= 


RESET OUT 


R1 C1 
VDD 
| TYPICAL POWER-ON RESET RC VALUES* 
R1 = 75KQ 
C1 = 1pF a: 


* Values may have to vary due to applied power supply ramp up time. 


FIGURE 1. POWER-ON RESET CIRCUIT 
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_ Specifications HS-80C8S5RH 


Absolute Maximum Ratings Reliability Information | Deeg 8 
Supply Voltage .......... UR eee ra ewe eee ee esues be +7.0V Thermal Resistance — : Gia 8c 
Input, Output or I/O Voltage ............ GND-0.3V to VCC+0.3V Braze Seal DIP Package............. 25.8°C/W 9.9°C/W 
Storage Temperature Range ..........:...... -65°C to +150°C Braze Seal Flatpack Package :...... .. 986.1°CWW 9.0°CWW 
Junction Temperature......... eeeee (eee se eewtedenes +175°C | Maximum Package Power Dissipation at +125°C so 

‘Lead Temperature (Soldering 10s):............. aweue +300°C ——- Braze Seal DIP Package............ cece sence ee eeee 1.94W 
Typical Derating Factor........:..2.0mA/MHz Increase inIDDOP _° Braze Seal Flatpack Package ............ccc eee eeeee 1.39W 
ESD Classification ............60. eee Class1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions Oe | 
Operating Supply Voltage Range (VDD) ....... +4:75V to +5.25V = Input Low Voltage ............ eee ee eee or eer ee OV to +0.8V 
Operating Temperature Range (T,)............ -55°C to +125°C = Input High Voltage. ........... cece eee eee VDD -0.5V to VDD 
. TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
| cs | GROUP A LIMITS } 
PARAMETERS | SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 

Input Leakage Hor | VDD =5.25V, VI = VDD -55°C, +25°C, or 

Current | HL or GND +125°C 

High Level Output VOH VDD = 4.75V, IOH = -1.0mA -55°C, +25°C, or | VDD -0.5 Vv 
Voltage oe i +125°C 

Low Level Output VOL | VDD =5.25V, IOL = 1.0mA, -55°C, +25°C, or V 
Voltage | | +125°C 

Static Current IDDSB_ | VOD =5.25V, Clock Out = Hi -55°C, +25°C, or 

| and Low = - +125°C_ 


& 


3 
2 
N 


Operating Supply IDDOP. | VDD = 5.25V, f = 1MH -55°C, +25°C, or 
Current (Note 2) | (Note2) 


+125°C 
a 


-55°C, +25°C, or 
+125°C 


Functional Tests VDD = 4.75V and 5.25V, ' 7, 8A, 8B 
. | TCYC = 500ns, 


VOL < VDD/2, VOH 2 VDD/2 


B 


NOTES: 
1. All devices guaranteed at worst case limits and over radiation. 
2. Operating supply current (IDDOP) is proportional to crystal frequency. 


. - TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


sd PARAMETERS © TEMPERATURE - 


oto | 62, 
CLK High Time (Standard CLK Loading) | | 9,410,411 | -55°C, +25°C, +125°C | 
urietme | 8, | 
uments |_| aS 

| 910,41 

| 910,11 

| 910,11 | 


.. LIMITS 


[porate ascraieverconea | Tact | 9.10.11 | 0,260,705 

A0-15 Valid to Valid Data In aes 875 
Fl eel a 

A8-15 Valid Before Trailing Edge of ALE (Note 5) | TAL | 9,10,11 | -55°C, +25°C, +125°C 75 


-55°C, +25°C, +125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


TEMPERATURE 
-55°C, +25°C, +125°C 


9, 10, 11 -55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 


Trailing Edge of Control to Leading Edge of ALE | TCL 9, 10, 11 
Data Valid to Trailing Edge of WRITE TDW 9, 10, 11 
HLDA to Bus Enable THABE 9, 10, 11 
Bus Float After HLDA THABF 9, 10, 11 
HLDA Valid to Trailing Edge of CLK THACK 9, 10, 11 
HOLD Hold Time THDH 9, 10, 11 
HOLD Setup Time to Trailing Edge of CLK THDS 


LIMITS 


GROUP A 
SUBGROUPS 


9, 10, 11 


PARAMETERS UNITS 


READY Valid from Address 


SYMBOL 
TARY 


Address (A8-15) Valid After Control 
Width of Control Low (RD, WR, INTA) Edge of 


TCA 
TCC 


ol 


3 
375 


INTR Hold Time THINH 9, 10, 11 -55°C, +25°C, +125°C 


INTR, RST and TRAP Setup Time to Falling Edge TINS 9, 10, 11 -55°C, +25°C, +125°C 


> < 
- s 
m a 


8 


Address Hold Time After ALE 

Trailing Edge of ALE to Leading Edge of Control 
ALE Low During CLK High 

ALE to Valid Data During Read 

ALE to Valid Data During Write 


+ 


LA 
TLC 
TLCK 
TLDR 
TLDW 
TLL 
ALE to READY Stable TLRY 
Trailing Edge of READ to Re-Enabling the Ad- TRAE 


5 


55°C, +25°C, +125°C 


READ (or INTA) to Valid Data TRD 9, 10, 11 -55°C, +25°C, +125°C 


Control Trailing Edge to Leading Edge of Next TRV -55°C, +25°C, +125°C 


9, 10, 11 -55°C, +25°C, +125°C 
9, 10, 11 -55°C, +25°C, +125°C 
9, 10, 11 -55°C, +25°C, +125°C 


5 
5 
5 
5. 


7 
7 
37 
17 


> 2. 
g 
= x 
Qa 
3 


575 
575 
7 
675 
5 
375 
550 


Data Hold Time After READ INTA 
READY Hold Time 
READY Setup Time to Leading Edge of CLK 
Data Valid After Trailing Edge of WRITE 
LEADING Edge of WRITE to Data Valid 
NOTES: 

1. Output timings are measured with a purely capacitive load, CL = 150pF 
. VDD = 4.75V, VIH = 4.25V, VIL = 0.8V 
. Delay times are measured with a 1MHz clock. An algorithm is used to convert the delays into the AC timings above with a TCYC = 500ns. 


. The AC table is tested as shown above to guarantee the processor system timing. 


. A8- A15 address specifications also apply to |O/M, SO and S1 except A8 - A15 are undefined during T4-T6 of off cycle whereas IO/M, 
So, and S1 are stable. 


TRDH 
TRYH 
TRYS 


5 


9, 10, 11 -55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


Oo a. 
9 rm) 
= B 
eo} 


a fh © NH 
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- TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
| | TEMPERATURE 


. VDD = Open, f = 1MHz Ta = +25°C p= | 
/O Capacitance 3 _. | cvo — | VDD = Open, f = 1MHz. Thy = 425°C S| 
Output Capacitance | couT |voD= Open, f = 1MHz Ta = +25°C | ee 


NOTE: | — | | 
1. All measurements referenced to device ground. 


(NOTE 1) 


- PARAMETERS CONDITIONS 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Table 1&2 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) A ae. 


PARAMETER 
Output Low Voltage 


| Output High Voltage 


‘Input Leakage Current 


Input Leakage Current — 


TYPE TRIGGER .. 


Rising edge and high level until sampled. 


ADDRESS BRANCHED TO (1) 
PRIORITY | WHEN INTERRUPT OCCURS 


Rising edge (latched) | ot 4 
ee ee 
| 20H | 


See Note 2 High level until sampled. | 


1. The processor pushes the PC on the stack before branching to the indicated address. eg 
2. The address branched to depends on the instruction provided to the cpu when the interrupt is acknowledged. — 
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TABLE 5. BUS TIMING SPECIFICATION AS A teyc DEPENDENT 


SYMBOL HS-80C85RH 


(3/2 + N)T - 375 


tDW (3/2 + N)T - 175 
tWD (1/2)T-100 


NOTE: N is equal to the total WAIT states T = tCYC 


Waveforms 
CLOCK 


X, INPUT 
tr t2 tf 
CLK a en oe 
OUTPUT N Y N 


READ 


CLK 


Ag-15 ¥ ADDRESS 


ALE 


RDANTA 


10-9 


uPROCESSORS 


HS-80C85RH 


Waveforms Pomtiened) 
WHITE 
CLK 
Ae1s ¥ ADDRESS 


tLDW | {CA 


— ADy AD? —~Y¥ ADDRESS DATA OUT __X 


fo | 
ALE tWDL 
tAL 


HOLD 


CLK 


HOLD 


HLDA 


BUS |(ADDRESS,CONTROLS)| = |p 


READ OPERATION WITH WAIT CYCLE (TYPICAL) - SAME READY TIMING APPLIES TO WRITE 


T1 T2 TWAIT T3 
CLK , 
tLCK 
a<1CA_ 
Agis }_—[aooness __ ADDRESS SaaS SRT EES 
a 
ADo-AD7 = ADDRESS =a DATA IN|, 
tCL 
ALE 
RDANTA 
READY 


NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES. 
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HS-80C85RH 


Waveforms (Continued) 


INTERRUPT AND HOLD 
{7 | T6 [THOLD| T1 | T2 


: fe.) 
tHABE 
INTR 2/2 
tINS 
tHDH 
tHDS 
HLDA tHABF 
tHACK ~ *10/M IS ALSO FLOATING DURING THIS TIME. 


TABLE 6. INSTRUCTION SET SUMMARY 


INSTRUCTION CODE OPERATIONS INSTRUCTION CODE OPERATIONS 
D7 | Dg | Ds | Dg | D3 | D2] Dy | Do| DESCRIPTION 
[MOVE, LOAD, AND STORE 


seins ecToa Tea Teast TS DESCRIPTION 
MOVE, LOAD, AND STORE cz Ct AL 1 POP of 141404 0 fCalonzero | 


fonz_[a fa fofofols] oo |carennozo | 
op }s}ata}s | of [of 0 | catonpostive | 
fom f+ }sts}s} ss] of 0 catenins | 
fore} ] +] [ols [so] 0 [catonpariy even | 
cro [s+] +]ofo|s |e |e [eaten party oda _ 


Return on parity 
odd 


@ 
i 
@® 
=] 


INO 
IN Ji]i}o]i]i]o][ [mn _—*s 
four {sf fofsfofo}s] + pout | 
, 


Push register Pair 
B &C onstack 


Push register Pair 
D & Eon stack 


Push register Pair 


Increment B &C 
registers 


Pop register Pair B 
& C off stack 


Push A and Flags 


H & L on stack 
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HS-80C85RH 


OPERATIONS 
Dz | Dg | Ds | Dy | Ds | Dz | Dy | Do| DESCRIPTION 


POP D Pop register Pair D 
& E off stack 


Popregister Pair 


2 Dix 
® oO 1k 
* >| 
re) 
SiS 
ain 
ate 
Ql~x 
77) 
° 
= 


Exchange top ot 


Bxrye 
2. | f 
p= | (?) 
orl|Zs 
~SOf{=x 
Q® | Re 
ae 
x 


1 | Load immediate 


Weel bl 
rem PEE 


Decrement stack 


oat ahi 


no] oa Oe *7) 
3. oalas 
22/3 3)2 
@Q @3 
@19 
=| 5 
a{2a 
(2) 
x 


qj 

Cc 
iy 

ms) 


XRA r 


= 
> 


CMP r 


XRAM 


2 z 
= $ 
=z = 


> 
= 


x< 
a 


eo) 
@ 


OQ 
vz 


auc JoPoTo]o]o@]ii 
ano fofo]olo]s] +] 1] + | Rotatoa rin 


JMP fifi} ofofo]o| [one unconditional 
fe _f+{rfo[t[rfo, 
Nc [tf + fol foto 
z__tt[*{olo]t[o[+[o|umponzeo | 
wz [r[sfefofelo, 
Ce EE Ee ese 
wt ttt [ stots 
ioe al 
. even 
Po f+ tf+[ofelots 
ee eae pa 
counter aes 
CALL 
feat +{?]o]e] +] 1] | 
eo | ttt fofrft|tfo 
onc t+ ]tfo}+fof:]o| 
G |S | 
i 
i 
al 


OPERATIONS 
[D7 | Dg ] Ds | Dy | Dg | Dz | Dy | Do | _ DESCRIPTION 


RAL Rotate A left 
through carry 


Subtract immedi- 
ate from A with 


Rotate A right 
PY PEPE EET [aesrety 
INX H Increment H & L 
registers 
ooxe [ofo]o|o|1]o| 1] 1 |beemonsao | 
fooxo fo}ofo|1|+{o|1] + |deremetdae 
‘[ooxh Lolo} + [ols ]o]s | + |oecrementHat_ 
ADD 
addr [tO] 0] oJ 0] S| 5] 8 |Addregsterton | 
ADCr Add register to A 
PP PEELE [eines 
oom [fof efof ols [a [0 [addmemaryion 
mF PPP ECE favs 
with ay 
SC 
ACI Add immediate toA 
with carry 
oade_fofofojo|s|o|o|: jawsacwnal| 
oad |ofo{o|+|+]o[o| 4 |adoacwnal| 
fan | ofo|1]o|1[o|o| + [adHalional, 
DAD SP 1 Add stack pointer to 
H&L 
SUBTRACT 
SUB r Subtract register 
1 OPP 
SBB r Subtract register 
EP PEE EEE frenertbrn 
ee eel ea ie ema 
from A 
SBB M Subtract memory 
from A with borrow 
SUI 1 Subtract immedi- 
ate from A 


| é 


” 
U 
m 
Q. 
> 
= 
op) 


Ca A 
sro ofo[r]s]o]+|+] 1 [set cary 
fouc_fofo[+|+]+] +] 1] + |compementeary | 
ora —_fofotrfofol rs] [pednaradueta — 


po fo} 1 


TT o [4 [a [enable eranis | 
Pf fo fo [| J isabi intrupt | 
To fofolo] oo |Neeperton | 
PPP PTT 


pt] foto] o] 0 {Setinterupt Mask_| 
NOTES: _ 


1. DDS or SSS: BO00, C001, D010, E011, H100, L101, Memory 110, A111 


2. Two possible cycle times (6/1 side indicate instruction cycles ceponent on condi- 
_ tion flags. 


* All mnemonics copyrighted © Intel Corporation 1976 
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Functional Description | 


The HS-80C85RH is a complete 8-bit parallel central pro- 
cessing unit implemented in a self aligned, silicon gate, 
CMOS technology. Its static design allows the device to be 
operated at any external clock frequency from a maximum of 
4MHz down to DC. The processor clock can be stopped in 
either the high or low state and held there indefinitely. This 
type of operation is especially useful for system debug or 
power critical applications. The device is designed to fit into 
a minimum system of three ICs: CPU (HS-80C85RH), RAM/ 
lO (HS-81C55/56RH) and ROM/IO Chip (HS-83C55Rh). ° 


Since the HS-80C85RH is implemented in CMOS, ail of the 
advantages of CMOS technology are inherent in the device. 
These advantages include low standby and operating power, 
high noise immunity, moderately high speed, wide operating 
temperature range, and designed-in radiation hardness. 
Thus the HS-80C85RH is ideal for weapons and epate 
applications. 


The HS-80C85RH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register pairs. 
Six others can be used interchangeably as 8-bit registers or 
as 16-bit er pale. The HS-80C85RH register set is as 
follows: 


awewome | neueren | cowrenrs 
PC Program Counter 16-bit Address 


8-bits x 6 or 
16-bits x 3 


BC, DE, HL General-Purpose 
Registers; Data . 


Pointer(HL) - 


seo Stack Pointer 16-bit Address 


The HS-80C85RH uses a multiplexed Data Bus. The 
address is split between the higher 8-bit Address Bus and 
the lower 8-bit Address/Data Bus. During the first T state 
(clock cycle) of a machine cycle the low order address is 
sent out on the Address/Data bus. These lower 8 bits may 
be latched externally by the Address Latch Enable signal 
(ALE). During the rest of the machine cycle the data bus is 
used for memory or I/O data. 


The HS-80C85RH provides RD, WR, SO, S1, and IO/M sig- 
nals for bus control. An Interrupt Acknowledge signal (INTA) 
is also provided. HOLD and all Interrupts are synchronized 
with the processor's internal clock. The HS-80C85RH also 
provides Serial Input Data (SID) and Serial Output Data 
(SOD) lines for simple serial interface. 


In addition to these features, the HS-80C85RH has three 
maskable, vector interrupt pins, one nonmaskable TRAP 
interrupt, and a bus vectored interrupt, INTR. 


Interrupt and Serial VO 


The HS-80C85RH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP INTR is maskable (can be 


enabled or disabled by El or DI software instructions), and 
causes the CPU to fetch in an RST instruction, externally 
placed on the data bus, which vectors a branch to any one of 
eight fixed memory locations (Restart addresses). The deci- 
mal addresses of these dedicated locations are: 0, 8, 16, 
24, 32, 40, 48, and 56. Any of these addresses may be used 


to store the first instruction(s) of a routine designed to 


service the requirements of an interrupting device. Since the 
(RST) is a call, completion of the instruction also stores the 


old program counter contents on the STACK. Each of the . 


three RESTART inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also a RESTART ealbacd but it is 
nonmaskable.. 


The three maskable interrupts cause the internal enseutien 
of RESTART (saving the program counter in the stack and 
branching to the RESTART address) if the interrupts are 
enabled and if the interrupt mask is not set. The non- 
maskable TRAP causes the internal execution of a 
RESTART vector independent of the state of the interrupt 
enable or masks. (See Table 6.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensitive and 


are recognized with the same timing as INTR. RST 7.5 is | 


rising edge sensitive. 


For RST 7.5, only a pulse is required to set an internal 
flipflop which generates the internal interrupt request (a 
normally high level signal with a low going pulse is recom- 
mended for highest system noise immunity). The RST 7.5 
request flip-flop remains set until the request is serviced. 
Then it is reset automatically. This flip-flop may also be reset 
by using the SIM instruction or by issuing a RESET IN to the 


80C85RH. The RST 7.5 internal flip-flop will be set by a . 


pulse on the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. : 


The status of the three RST interrupt masks can any be 
affected by the SIM instruction and RESET IN. 


The interrupts are arranged in a fixed priority that determines 


which interrupt is to be recognized if more than one is.. 


pending as follows: TRAP-highest priority, RST 7.5, RST 
6.5, RST 5.5, INTR-lowest priority. This priority scheme does 
not take into account the priority of a routine that was started 
by a higher priority interrupt. RST 5.5 can interrupt an RST 
7.5 routine if the interrupts are re-enabled before the end of 
the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events such as 
power failure or bus error. The TRAP input is recognized just 
as any other interrupt but has the highest priority. It is not 
affected by any flag or mask. The TRAP input is both edge 
and level sensitive. The TRAP input must go high and 
remain high until it is acknowledged. It will not be recognized 
again until it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 2 illustrates 
the TRAP interrupt request circuitry within the HS-80C85RH. 
Note that the servicing of any interrupt (TRAP, RST 7.5, RST 
6.5, RST 5.5, INTR) disables all future interrupts (except 
TRAPs) until an El instruction is executed. 
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INSIDE THE 


EXTERNAL | INSIDE T 
INTERRUPT 

REQUEST {| TRAP 
ed 


RESET IN 


‘INTERRUPT 
REQUEST 


INTERNAL 


TRAP 
| ACKNOWLEDGE 
FIGURE 2. TRAP AND RESET IN CIRCUIT 


The TRAP interrupt is special in that is disables interrupts, 
but preserves the previous interrupt enable status. Perform- 
ing the first RIM instruction following a TRAP interrupt allows 
you to determine whether interrupts were enabled or 
disabled prior to the TRAP. All subsequent RIM instructions 
provide current interrupt enable status. Performing a RIM 
instruction following INTR, or RST 5.5-7.5 will provide 
current interrupt enable status, revealing that interrupts are 
disabled. 


~ The serial I/O system is also controlled by the RIM and SIM 
instructions. SID is read by RIM, and SIM sets the SOD 
data. 


Driving the X1 and X2 Inputs 


You may drive the clock inputs of the HS-80C85RH with a 
crystal, an LC tuned circuit, an RC network, or an external 
clock source. The driving frequency may be any value from 
DC to 4MHz and. must be twice the desired internal clock 
frequency. 


TRAP RR 


The following guidelines should be observed when a crystal 
is used to drive the HS-80C85RH clock input: 


1. A 20pF capacitor should be connected from X2 to ground to 
assure oscillator start-up at the correct frequency. 


b.) LC TUNED CIRCUIT CLOCK DRIVER 


2. A 10MQ resistor is required between X1 and X2 for bias point 
stabilization. In addition, the crystal should have the following 
characteristics: 

1) Parallel resonance at twice the desired internal clock 
frequency | . . 

2) CL (load capacitance) < 30pF 

3) CS (shunt capacitance) < 7pF 

4) RS (equivalent shunt resistance) < 750 

5) Drive level: 10mW > 

6) Frequency tolerance: +0.005% (suggested) 


A parallel-resonant LC circuit may be used as the frequency- 
determining network for the HS-80C85RH, providing that its 
frequency tolerance of approximately +10% :is acceptable. 
The components are chosen from the formula: 

1 


~ 2nvV L (Cext + Cint) 

To minimize variations in frequency, it is recommended that 
you choose a value for Cext that is at least twice that of Cint, 
or 30pF. The use of an LC circuit is not recommended for 
frequencies higher than approximately 4MHz. 


An RC circuit may be used as the frequency-determining 
network for the HS-80C85RH if maintaining a precise clock 
frequency is of no importance. Variations in the on-chip tim- 
ing generation can cause a wide variation in frequency when 
using the RC mode. Its advantage is its low component cost. 
The driving frequency generated by the circuit shown is 
approximately 3MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 3 shows the recommended clock driver circuits. 


For driving frequencies up to and including 4MHz you may 


supply the driving signal to X1 and leave X2 open- ~circulted 
(Figure 3D). 


80C85RH 


* X2 Left Floating 


d.) 0-4MHz INPUT FREQUENCY EXTERNAL CLOCK DRIVER 
CIRCUIT 


FIGURE 3. CLOCK DRIVER CIRCUITS 
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HS-80C85RH Caveats 


1. An important caveat that is applicable to CMOS devices in gen- 
eral is that unused inputs should never be left floating. This rule 
also applies to inputs connected to a tri- state bus. The need for 
external pull-up resistors during tri-state bus conditions is elimi- 
nated by the presence of regenerative latches on the following 
HS-80C85RH output pins: ADO-AD7, A8-A15, and IO/M. Figure 
4 depicts an output and corresponding regenerative latch. When 
the output driver assumes the high impedance state, the latch 
holds the bus in whatever logic state (high or low) it was before 
the tri-state condition. A transient drive current of approximately 
+1.0mA at 0.5 VDD for 10nsec is required to switch the latch. 
Thus, CMOS device inputs connected to the bus are not allowed 
to float during tri-state conditions. 


2. The RAD and WR pins of the HS-80C85RH contain internal dy- 
namic pull-up transistors to avoid spurious selection of memory 
devices when the RD and WR pins assume the high impedance 
state. This eliminates the need for external resistive pull-ups on 
these pins. 


3. The RESET IN and X1 inputs on the HS-80C85RH are schmit 
trigger inputs. This eliminates the possibility of internal oscilla- 
tions in response to slow rise time input signals at these pins. 


4. Ahigh frequency bypass capacitor of approximately 0.1 pF 
should be connected between VDD and GND to shunt power 
supply transients. 


5. The HS-80C85RH is functional within 10 input clock cycles after 
application of power (assuming that reset has been asserted 
from power-on). Start up conditions in the crystal controlled 
oscillator mode must also account for the characteristics of the 


oscillator. 
OUTPUT 
OUTPUT PIN 
DRIVER REGENERATIVE 
LATCH 


FIGURE 4. OUTPUT DRIVER AND LATCH FOR PINS ADO-AD7, 
A8-A15 AND IO/M. 


Generating An HS-80C85RH Wait State 


If your system requirements are such that slow memories or 
peripheral devices are being used, the circuit shown in 
Figure 5 may be used to insert one WAIT state in each HS- 
80C85RH machine cycle. ! 


The D flip-flops should be chosen so that: 


1. CLK is rising edge-triggered 
2. CLEAR is low-level active. 


The READY line is used to extend the read and write pulse 
lengths so that the 80C85RH can be used with slow mem- 
ory. HOLD causes the CPU to relinquish the bus when it is 
through with it by floating the Address and Data Buses. 


TO 
80C85RH 
READY 
INPUT 


* ALE and CLK (OUT) should be buffered if CLK 
input of latch exceeds 80C85RH IOL or IOH. 


FIGURE5. GENERATION OF AWAIT STATE FOR HS-80C85RH 
CPU. 


System Interface 


The HS-80C85RH family includes memory components, 
which are directly compatible to the HS-8OC8SRH CPU. For 
example, a system consisting of the three radiation- 
hardened chips, HS-80C85RH, HS-81C56RH, and 
HS-83C55RH will have the following features: 


. 2K Bytes ROM 

. 256 Bytes RAM 

. 1 Timer/Counter 

. 48-bit /O Ports 

. 16-bit I/O Port 

. 4 Interrupt Levels 

7. Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique is 
as shown in Figure 6. 


oar ®Nm = 


In addition to standard 1/0, the memory mapped 1/O offers 
an efficient I/O addressing technique. With this technique, an 
area of memory address space is assigned for I/O address, 
thereby, using the memory address for I/O manipulation. 
Figure 7 shows the system configuration of Memory Mapped 
I/O using HS-80C85RH. 


The HS-80C85RH CPU can also interface with the standard 
radiation-hardened memory that does not have the 
multiplexed address/data bus. It will require use of the 
HS-82C12RH (8-bit latch) as shown in Figure 8. 


VSS VDD 


* Optional Connection 
FIGURE 6. HS-80C85RH MINIMUM SYSTEM (STANDARD VO 
' TECHNIQUE) 
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HS-80C85RH 


VDD - 


TIMER OUT 


HS-83C55RH 
(ROM +/0) 


< _ ae 
a HS-81C56RH : 
: : fof fof for i. for fo 3 * Optional Connection 
FIGURE 7. HS-80C85RH MINIMUM SYSTEM (MEMORY MAPPED I/O) 


q vss VDD 


X2 RESET IN 


HS-80C85RH 


ADDR/ Ota ae 
DATA ALE RD WA IO/M OUTRpy cLK 


RD 


STANDARD | 
MEMORY 


O/M (CS) 
W 


VO PORTS, 
CONTROLS — 


FIGURE 8. HS-80C85RH SYSTEM (USING STANDARD MEMORIES) 
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Basic System Timing 


The HS-80C85RH has a multiplexed Data Bus. ALE is used 
as a strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 9 shows an instruction fetch, memory read and !/ 
O write cycle (as would occur during processing of the OUT 
instruction). Note that during the !/O write and read cycle 
that the I/O port address is copied on both the upper and 
lower half of the address. 


There are seven possible types of machine cycles. Which of 
these seven takes place is defined by the status of the three 
status lines (1O/M, S1, SO) and the three control signals (RD, 
WR, and INTA). (See Table 7.) The status lines can be used 
as advanced controls (for device selection, for example), 
since they become active at the T1 state, at the outset of 
each machine cycle. Control lines RD and WR are used as 
command lines since they become active when the transfer 
of data is to take place. 


TABLE 7. HS-80C85RH MACHINE CYCLE CHART 


MACHINE CYCLE _| 1o/Ni| St | So | RD [WR] INTA| 
1] 0 


Opcode Fetch (OF) : 
Memory Read (MR) 

Memory Write (MW) 
I/O Read (IOR) 
I/O Write (lOW) 


Acknowledge (INA) 


(Bl) 


A machine cycle normally consists of three T states, with the 
exception of OPCODE FETCH, which normally has either 
four or six T states (unless WAIT or HOLD states are forced 
by the receipt of READY or HOLD inputs). Any T state must 
be one of ten possible states, shown in Table 8. 


TABLE 8. HS-80C85RH MACHINE STATE CHART 


St So/foms (eis Ane Voir ra 


vomk, 
* 


xo x-*K= =— = K KK XK 
COCO C OOo CoC oO 


0 = Logic “0” 
1 = Logic “1” 


TS = High Impedance 
X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD in- 
struction. 


* * |O/M = 1 during T4, T6 of INA machine cycle. 


A8-A15 )XPCH (HIGH ORDER ADDRES $)) (PC +1)H » 10 PORT S 


ADO-7 
Oot RESS)* Beet ony 
DDRESS 


STATUS 


ee Von 


ALE ) INSTHUCTION PERIPHERAL 
. nl 


10 (10 (READ) | 


DATA FROM 
MEMORY (i/O 
PORT dione: 


we — 
(aware |X 


Nee 


FIGURE 9. 80C85RH BASIC SYSTEM TIMING 


01 WRITE 
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Specifications HS-80C85RH 


Burn-In Circuits 


HS-80C85RH 40 PIN DIP HS-80C85RH 40 PIN DIP : 
te ° > VDD 


_6VDD 


PIRSA 


EF 
EET 


I] 
et eo elaise bo 


STATIC _ : DYNAMIC 


et eee, ines LLL. 
: le ole cr ar i | 
T/T a | — p 512T <P <1024T 
= 2 | 2 Ke 
NOTES: NOTES: 
VDD = 10V + 10% VDD = 10V + 5% 
Ri =1K | | VS =5V+10% 
T > 200ns R2 = 10KQ 
C must be pulsed a minimum of 10 times. _ All other resistors 100KQ 
After initial pulses, C should be left low. T = 5ys 
CO = 200KHz 


FO thru F7 have 50% duty cycles. | 
FO = 50kHz, F1 = F0/2, F2 =F1/2...F7=F6/2 
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Burn-In Circuits (continued) 


HS-80C85RH 42 LEAD FLATPACK HS-80C85RH 42 LEAD FLATPACK 


9 VDD 


a iTiiAMiiNL 


JAE: 


FO 
F1 


pepieeiie Td 


R2 


bh 


hh 


DYNAMIC 
STATIC >| T <— 
Bele Lm co SUL LLL SLL 
Cc - =~ = 
> T K< C1 av 
P 512T <P <1024T 

ee NOTES: ~10— 
ies 7 VDD = 10V + 5% = 

VDD = 10V+5% VS = 5V + 5% ” 

All resistors are 10KQ Ri = 100KQ o 

T > 200ns R2 = 10KQ 4 

C must be pulsed a minimum of 10 times. R3 = 5.1KQ (Pins 12-16, 19-21) nw 

After initial pulses, C is grounded. CO = 200KHz 50% duty cycle square wave ny 

C1 used to periodically reset processor O 

T=5 oc. 

ea a. 

FO thru F7 have 50% duty cycles. S: 


FO = 50kHz, F1 = F0/2, F2 =F1/2...F7 = F6/2 
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Radiation Screening Procedure Radiation Effects 


1. Arandom sample of two dice per wafer is drawn from the wafer The HS-80C85RH has been designed to survive in a radia- 
lot. Wafer identity is retained. tion environment and to meet the electrical characteristics. 
2. The sample die shall be assembled and tested for functionalityin  Latch-up free operation is achieved by the use of epitaxial 
a ceramic DIP. starting material. Improved total dose hardness is obtained 


3. The sample devices shall be subjected to a Total Dose Radiation | with special low temperature processing cycles. On a pro- 
level of 1 x 10° Rad(Si) +10% from a Gammacell 220 cobalt 60 duction basis, Harris performs screens for total dose hard- 
source or equivalent. The devices will be powered with ness to a level of 1 x 10° Rad-Si. Transient radiation tests 
VSUPPLY = +5V. The dose rate shall be between 50 rads/sec have shown the following results: 
and 300 rads/sec. 


4. The Irradiation Circuit is shown below. 


5. The sample devices shall be started into test within 1 hour of irra- 
diation and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-radiation 
failures, meets all electrical specifications at room temperature. 


6. Radiation screening to a higher total dose is available. Custom- 
ers should contact their closest Harris Representative for details. 


1. Latch-up free to doses = 1 x 10' rads/sec. 
2. Upset (loss of stored data 2 1 x 10° rads/sec. 


Irradiation Circuit 


VDD = 5V 
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Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 Alternate Group A Subgroups 1, 7, 9; Method 5005; 
Wafer Lot Acceptance Method 5007 Para 3.5.1.1 

Internal Visual Inspection Method 2010, Condition A Burn-In Delta Calculation (TO-T2) 

Gamma Radiation Assurance Tests Method 1019 PDA Calculation 3% Subgroup 7 


5% Subgroups 1, 7, A 
Electrical Test Subgroup 3; Read and Record ~ 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; — 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 
Alternate Group A Subgroups 2, 8A, 10; Method 5005; 


Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 


Serialization | Para 3.5.1.1 
X-Ray Inspection Method 2012 Gross Leak Method 1014, 100% 
Electrical Tests Subgroup 1; Read and Record (TO) Fine Leak Method 1014, 100% 
Static Burn-In Method 1015, Condition B, 72 Hours, Customer Source Inspection (Note 2) 
+125°C Minimum 
Group B Inspection Method 5005 (Note 2) 

Electrical Tests Subgroup 1; Read and Record (T1) End-Point Electrical Parameters: 
Burn-In Delta Calculation (T0-T1) B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 
PDA Calculation 3% Subgroup 7 | B-6; Subgroups 1, 7, 9 

5% Subgroups 1, 7, A Group D Inspection Method 5005 (Notes 2, 4) 
Dynamic Burn-In Method 1015 Condition D, 240 Hours, End-Point Electrical Parameters: Subgroups 1, 7, 9 
+125°C (Note 3) External Visual Inspection Method 2009 


Electrical Tests Subgroup 1; Read and Record (T2) Data Package Generation (Note 5) 


NOTES: 
1. The notes of Method 5004, Table 1 Shall apply; unless otherwise specified. 
2. These steps are optional and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for 
illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 
5. Data package contains: 


Assembly attributes (Post Seal) - . Wafer lot acceptance report (including SEM report) 
Test attributes (includes Group A) X-ray report and film 
Shippable serial number list Test variables data 


Radiation testing certificate of conformance 


uPROCESSORS 
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_ Metallization Topology 


DIE DIMENSIONS: 
229 x 240 x 14+ Imils 


METALLIZATION: 
Type: SiAl 
- Thickness: 1 1KA + 2kA 


GLASSIVATION: 
Type: SiO. 
Thickness: 8kA so 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP + Flatpack - 460°C (Max) 


Metallization Mask Layout 


- HS-80C85RH 

_ b 

5 So iz 

. * It 

iy a 9 6 So 
0 8 g . a S23 62 
sc = = © = = 3 8 o & 
wi june, age be 


ce — aR : 
TRAP (6) FE DEGLAEROMOMEE M9 (35) READY 
RST 7.5 (7) (34) 10/M 
RST 6.5 (8) 
+r : et ee cof : La: cei 3 4 “ 
RST 5.5 (9) Fi eee rene ae =. ————u0 (33) S1 
INTR (10) of tea a « = me = = - hay estes ae . eS DEF ee == =. (32) RD 


INTA (11) | 
ADO (12) 7 


(31) WR 
(30) ALE 


(29) SO. 
(28) A15 


AD1 (13) & , | , SS eS a 2 ee 
Ape ay e 2 = i te “ 7 3. ; a LS Fae eer ae intetes face eel (27) Al4 


(26) A13. 


te eee PW a aie ie ee ie, | (25) A12 
AD3 (15) ee: - : le: 
AD4 (16) ie 
cs esor q = 7 
== rag a a x 
i 592 2 2 
g 8 = 2% < 
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FARRIS 


SEMICONDUCTOR 


December 1992 


Features 


Radiation Hardened 

- Latch Up Free EPI-CMOS 

- Total Dose >100K RAD(Si) 

- Transient Upset > 10° RAD(Si)/sec 

- Functional after Total Dose 1 x 10° RAD(SI) 


Low Power Operation 
- ICCSB = 500uA Maximum 
- ICCOP = 12mA/MHz Maximum 


Pin Compatible with NMOS 8086 and Harris 80C86 
Completely Static Design DC to 5MHz 

1 Mbyte of Direct Memory Addressing Capability 
24 Operand Addressing Modes 

Bit, Byte, Word, and Block Move Operations 


8 and 16 Bit Signed/Unsigned Arithmetic 
- Binary or Decimal 
- Multiply and Divide 


Bus-hold Circuitry Eliminates Pull-up Resistors for CMOS 
Designs 


Hardened Field, Self Aligned, Junction Isolated CMOS 
Process 


Single 5V Power Supply 
Military Temperature Range -35°C to + 125°C 


Description 


The Harris HS-80C86RH high performance radiation hardened 16 
bit CMOS CPU is manufactured using a hardened field, self 
aligned silicon gate CMOS process. Two modes of operation, MIN- 
imum for small systems and MAXimum for larger applications such 
as multi-processing, allow user configuration to achieve the 
highest performance level. Industry standard operation allows use 
of existing NMOS 8086 hardware and software designs. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Radiation Hardened 
16-Bit CMOS Microprocessor 


Pinouts 


HS-80C86RH 40 LEAD BRAZE SEAL DIP 
COMPLIANT OUTLINE D5, CONFIGURATION 3 


TOP VIEW 
MIN 

GND [7 
Ap14 [2] 
AD13 [3] 
AD12 [4] 
Ap11 [5] 
AD10 [6| 

AD9 

ADs [| 

AD7 

AD6 (HOLD) 
ADS5 fi! (HLDA) 
AD4 [12 (WR) 
AD3 fi3 (MAO) 
Ap2 [4 (DT/R) 
ADI (DEN) 
ADo [i4 (ALE) 
NMI fi7 (INTA) 
INTR 

CLK 119 

GND [20 


HS-80C86RH 42 LEAD BRAZE SEAL FLATPACK 
HARRIS PACKAGE CODE HWN 
TOP VIEW 
MAX MIN 


e=vpp 


—IAD15 

=INC 

SA16/S3 

I A17/S4 

= A18/S5 

1 A19/S6 

— BHE/S7 

=] MN/MX 

—=IRD 

—IRQ/GTo (HOLD) 
=RG/GT1 (HLDA) 


1 
2 
3 
4 
5 
6 
7 
8 


uPROCESSORS 


SILOCK (WR) 
=S2 (M0) 
=si (DT/R) 
=1S0 (DEN) 
= as0 (ALE) 
=as1 _—(INTA) 
TEST 
— READY 

=o RESET 


File Number 3035 


_HS-80C86RH 


Functional Diagram 


| BUS INTERFACE UNIT 
EXECUTION UNIT RELOCATION 
[ REGISTER FILE | REGISTER FILE 
~ DATA POINTER SEGMENT REGISTERS 


& 
INDEX REGS 
(8 WORDS) 


INSTRUCTION POINTER 
(5 WORDS) 


tear aisise 
16~BIT ALU | A19/S6 
€ 16 > AD15- ADO 


BUS INTERFACE UNIT 
[i> iNTA, RD, WR 


4» DT/R, DEN, ALE, MIO 


6—-BYTE 
INSTRUCTION 
QUEUE 
TEST é 3 
INTR [Lock 
dei 2) : 
Ra/GTO,T “2 CONTROL & TIMING S20 B88 
HOLD a! —3x_» 82,357,560 
HLDA sod 
CLK RESET READY MN/MX GND 
: VDD 
MEMORY INTERFACE 
C-BUS 
BUS 
INTERFACE 
UNIT 
EXECUTION UNIT 
CONTROL SYSTEM 
[aa 
Pen [BL 
| CH | CLL 
EXECUTION | DH | DL_ 
i 
| Ss BPs | 
| 
Ls 
, oO | | FLAGS | 
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Pin Description 


PIN | 
SYMBOL | NUMBER DESCRIPTION 


The following pin function descriptions are for HS-80C8G6RH systems in either minimum or maximum mode. The "Local Bus” in these de- 
scriptions is the direct multiplexed bus interface connection to. the HS-80C86RH (without regard to additional bus buffers). 


ADDRESS DATA BUS: These lines constitute the time multiplexed memory/lO address (T1) 
and data (T2, T3, TW, T4) bus. AO is analogous to BHE for the lower byte of the data bus, pins 
D7-DO. It is LOW during T1 when a byte is to be transferred on the lower portion of the bus in 

memory or I/O operations. Eight-bit oriented devices tied to the lower half would normally use 

ADO to condition chip select functions (See BHE). These lines are active HIGH and are held at 
high impedance to the last valid logic level during interrupt acknowledge and local bus “hold ac- 
knowledge” or “grant sequence”. 


AD15-ADO | 2-16, 39 


A19/S6 


ADDRESS/STATUS: During T1, these are the four most significant address lines for memory 
operations. During I/O operations these lines are low. During memory and I/O operations, status 
information is available on these lines during T2, T3, TW, T4. S6 is always zero. The status of 
the interrupt enable FLAG bit (S5) is updated at the beginning of each CLK cycle. S4 and S3 are 
encoded. 


This information indicates which segment register is presently being used for data accessing. 
These lines are held at high impedance to the last valid logic level during local bus “hold acknowl- 
edge” or “grant sequence”. . 


A18/S5 
A17/S4 
Ai6/S3 


: 


$4 $3 
0 0 Extra Data 
0 | Stack 
1 0 Code or None 
1 1 Data 


BUS HIGH ENABLE/STATUS: During T1 the bus high enable signal (BHE) should be used to 
enable data onto the most significant half of the data bus, pins D15-D8. Eight bit oriented devices 
tied to the upper half of the bus would normally use BHE to condition chip select functions. BHE 
is LOW during T1 for read, write, and interrupt acknowledge cycles when a byte is to be trans- 
ferred on the high portion of the bus. The S7 status information is available during T2, T3 and 
T4. The signal is active LOW, and is held at high impedance to the last valid logic level during 
interrupt acknowledge and local bus “hold acknowledge” or “grant sequence”; it is LOW during 
T1 for the first interrupt acknowledge cycle. 


BHE AO 
0: 0 Whole Word 
Or. © ta A Upper Byte from/to Odd Addr 
1 0 Lower Byte from/to Even Address 


1 


READ: Read strobe indicates that the processor is performing a memory or I/O read cycle, de- 
pending on the state of the M/IO or S2 pin. This signal is used to read devices which reside on 

the HS-80C86RH local bus. RD is active LOW during T2, T3 and TW of any read cycle, and is 

‘guaranteed to remain HIGH in T2 until the 80C86 local bus has floated. 


This line is held at a high impedance logic one state during “hold acknowledge” or “grant se- 
quence”. 


None 


READY . 


READY: is the acknowledgment from the addressed memory or I/O device that will complete the 
data transfer. The RDY signal from memory or I/O is synchronized by the HS-82C85RH Clock 
Generator to form READY. This signal is active HIGH. The HS-80C86RH READY input is not 

synchronized. Correct operation is not guaranteed if the Setup and Hold Times are not met. 


INTERRUPT REQUEST: is a level triggered input which is sampled during the last clock cycle 
of each instruction to determine if the processor should enter into an interrupt acknowledge op- 
eration. If so, an interrupt service routine is called via an interrupt vector lookup table located in 
system memory. INTR is internally synchronized and can be internally masked by software re- 
Setting the interrupt enable bit. This signal is active HIGH. 


INTR 


TEST © 


TEST: inputis examined by the “Wait” instruction. If the TEST input is LOW execution continues, 
otherwise the processor waits in an “Idle” state. This input is synchronized internally during each 
clock cycle on the leading edge of CLK. . 


NON-MASKABLE INTERRUPT: is an edge triggered input which causes a type 2 interrupt. An 
interrupt service routine is called via an interrupt vector lookup table located in system memory. 
NMI is not maskable internally by software. A transition from LOW to HIGH initiates the interrupt 
at the end of the current instruction. This input is internally synchronized. 
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Pin Description (Continued) 


PIN 
SYMBOL | NUMBER DESCRIPTION 


RESET: causes the processor to ‘inmediately terminate its present activity. The signal must 
change from LOW to HIGH and remain active HIGH for at least four clock cycles. It restarts 
execution, as described in the Instruction Set description, when RESET returns LOW. RESET is 
internally synchronized. . 


CLOCK: provides the basic timing for the processor and bus controller. It is asymmetric with a 
33% duty cycle to provide optimized internal timing. 


VDD: +5V power supply pin. A 0.luF capacitor between pins 20 and 40 is recommended for 
decoupling. 


GND: Ground. Note: both must be sonnieciod: A0.ipF capacitor between p pins 1 and 20 is 
recommended for decoupling. 


MINIMUM/MAXIMUM: Indicates what mode the processor is to operate in. The two modes are 
discussed in the following sections. 


The following pin function descriptions are for the HS-80C86RH system in maximum mode (i.e., MN/MX = GND). Only the pin functions 
which are unique to maximum mode are described below. 


SO, St, S2 STATUS: is active during T4, T1 and T2 and is returned to the passive state (1,1,1) during T3 
or during TW when READY is HIGH. This status is used by the 82C88 Bus Controller to generate 
all memory and I/O access control signals. Any change by S2, S1, or SO during T4 is used to 

indicate the beginning of a bus cycle, and the return to the passive state in T3 or TW is used to 
indicate the end of a bus cycle. These status lines are encoded. These signals are held at a high 
impedance logic one state during “grant sequence”. 


0 -- Interrupt Acknowledge 
1 Read I/O Port 

0 Write /O Port 

1 Halt 
0 

1 

0 


Code Access 

Read Memory 
Write Memory 
Passive 


REQUEST/GRANT: pins are used 5 other local bus masters to force the processor to release 
the local bus at the end of the processor's current bus cycle. Each pin is hi-directional with RO 
-GT0 having higher priority than RO/GT1. RO/GT has an internal pull-up bus hold device so it may 
be left unconnected. The request/grant sequence is as follows (see RQ/GT Sequence Timing) 
1. Apulse of 1 CLK wide from another local bus master indicates a local bus request nerd) to 
the HS- 80C86RH (pulse 1). . 


_ 2. During a T4 or T1 clock cycle, a pulse 1 CLK wide from the HS-80C86RH to the requesting 
master (pulse 2) indicates that the HS-80C86RH has allowed the local bus to float and that 
it will enter the “grant sequence” state at the next CLK. The CPU’s bus interface unit is dis- 
connected logically from the local bus during “grant sequence”. 


3. A pulse 1 CLK wide from the requesting master indicates to the HS-80C86RH (pulse 3) that 
_ the “hold” request is about to end and that the HS-80C86RH can reclaim the local bus at the 
’.. next CLK. The CPU then enters T4 (or T1 if no bus cycles pending). 


Each Master-Master exchange of the local bus is a sequence of 3 pulses. There must be 
one idle CLK cycle after each bus exchange. Pulses are active low. __ 


If the request is made while the CPU is performing a memory cycle, it will release the local 
bus during T4 of the cycle when all the following conditions are met: 


1. Request occurs on or before T2. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
_4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made the two possible events will follow: 
1. Local bus will be released during the next cycle. 


2. A memory cycle will start within three clocks. Now the four rules for a currently active 
memory cycle apply with condition number 1 already satisfied. 
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Pin Description (continued) . 


PIN | : 
SYMBOL | NUMBER ee DESCRIPTION 


LOCK ae LOCK: output indicates that other system bus masters are not to gain control of the system bus 


while LOCK is active LOW. The LOCK signal is activated by the “LOCK” prefix instruction and 
remains active until the completion of the next instruction. This signal is active LOW, and is held 
at a HIGH impedance logic one state during “grant sequence”. In MAX mode, LOCK is automat-. 
QS1, QSO 24, 25 
1 
The following pin function descriptions are for the HS-80C86RH in minimum mode (i.e. MN/MX = VDD). Only the pin functions which are 
unique to minimum mode are described; all other pin functions are as described below. 


ically generated during T2 of the first INTA cycle and removed during T2 of the second INTA 
cycle. 


QUEUE STATUS: The queue status is valid during the CLK cycle after which the queue 
operation is performed. 


QS1 and QS2 provide status to allow external tracking of the internal HS-80C86RH instruction 
queue. Note that QS1, QSO never become high impedance: 


QS1 Qso 
0 0 No Operation 
0 41 First Byte of Opcode from Queue 
1 0 Empty the Queue 


Subsequent Byte from Queue 


STATUS LINE: logically equivalent to §2 in the maximum mode. It is used to distinguish a mem- 
ory access from an1/O access. M/IO becomes valid in the T4 preceding a bus cycle and remains 
valid until the final T4 of the cycle (M = HIGH, 1O = LOW). M/IO is held to a high impedance logic.. 
zero during local bus “hold acknowledge”. 


WRITE: indicates that the processor is performing a write memory or write I/O cycle, depending 
on the state of the M/O signal. WR is active for T2, T3 and TW of any write cycle. It is active 
LOW, and is held to high impedance logic one during local bus “hold acknowledge”. 


INTERRUPT ACKNOWLEDGE: is used as a read strobe for interrupt acknowledge cycles. It is 
active LOW during T2, T3 and TW of each interrupt acknowledge cycle. Note that INTA is never 
floated. 


ADDRESS LATCH ENABLE: is provided by the processor to latch the address into the 82C82 
latch. It is a HIGH pulse active during clock LOW of TI of any bus cycle. Note that ALE is never 
floated. 


DATA TRANSMIT/RECEIVE: is needed in a minimum system that desires to use a data bus 
transceiver. It is used to control the direction of data flow through the transceiver. Logically, DT/ 
Ris equivalent to S1 in maximum mode, and its timing is the same as for M/IO (T = HIGH, R = 

LOW). DT/R is held to a high impedance logic one during local bus “hold acknowledge”. 


DATA ENABLE: provided as an output enable fora bus transceiver in a minimum system which 
uses the transceiver. DEN is active LOW during each memory and V/O access and for INTA — 
cycles. For a read or INTA cycle it is active from the middle of T2 until the middle of T4, while for 
a write cycle it is active from the beginning of T2 until the middle of T4. DEN is held to a high 

impedance logic one during local bus “hold acknowledge”. 


HOLD: indicates that another master is requesting a local bus “hold”. To be a acknowledged, 
HOLD must be active HIGH. The processor receiving the “hold” will issue a “hold acknowledge” 
(HLDA) in the middle of a T4 or T1 clock cycle. Simultaneously with the issuance of HLDA, the 
processor will float the local bus and control lines. After HOLD is detected as being LOW, the 
processor will lower HLDA, and when the procossot needs to run another cycle, it will again drive 
the local bus and control lines. 


HOLD is not an asynchronous input. External synchronization should be provided if the system 
cannot otherwise guarantee the setup time. 
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Specifications HS-8OC86RH 


Absolute Maximum Ratings 


Supply Voltage ...... setae dle tad Fite Ss tte ee sales +7.0V 
Input or Output Voltage ; 

Applied for all Grades. ...........44. _.. .VSS-0.3V to VDD+0.3V 
Storage Temperature Range ......... tte .. 65°C to +150°C 
Junction Temperature..........2 ec eeee i oaaevbre aire sire +175°C 
Lead Temperature (Soldering 10s).......-. Bitch oben +300°C 
Typical Derating Factor............ 12mA/MHz Increase in IDDOP 
ESD Classification ............... sete Serr are sees Class 1 


Reliability Information 


Thermal Resistance Bia ~ Gc 
Braze Seal DIP Package............. 24.2°C/W 8.6°C/W 
Braze Seal Flatpack Package ......... — 72.4°CWW 9.7°C/IW 

Maximum Package Power Dissipation at +125°C 
Braze Seal DIP Package...........c cece cece tenes 2.05W 

. Braze Seal Flatpack Package ........ 2... cece eee eeee 0.69W 


Gate Count sic cae £3 oss dd tacidaedacweavudw esa 9750 Gates 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. . 


Operating Conditions 


Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V 
Operating Temperature Range (Ta) ............ -35°C to +125°C 
Input Low Voltage (VIL) 2... 2... cece eee eee eee OV to +0.8V 


Input High Voltage (VIH)...........0cc cece eee ees 3.5V to VDD 
Clock Input Low Voltage (VILC) ........... 0.000 0.0V to 0.8V 
Clock Input High Voltage (VIHC)............. VDD - 0.8V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A 
SUBGROUPS | TEMPERATURE | MIN 


~ CONDITIONS 


VDD = 4.5V, |O =-2.5mA 
VIN = OV or 4.5V 


VDD = 4.5V, 1O =-100HA 
VIN = OV or 4.5V 


VDD = 4.5V, 10 = +2.5mA 
VIN = OV or 4.5V 


VDD = 5.5V 
VIN = OV or 5.5V 
Pins: 1 7-19, 21-23, 33 


Input Leakage 
Current 


VDD = 5.5V 
VIN = OV or 5.5V 


Output Leakage 
Current 


VDD = 4.5V and 5.5V 
VIN = 3.0V (Note 1) 
Pins: 2-16, 26-32, 34-39 


Input Current Bus 
Hold High 


VDD = 4.5V and 5.5V 
VIN = 0.8V (Note 2) 
Pins: 2-16, 34-39 


VDD = 5.5V, VIN = GND or 
VDD, IO = OmA (Note 3) 
VDD = 5.5V, VIN = GND or 
VDD, IO = OmA, f = 1MHz 


VDD = 4.5V and 5.5V, 
VIN = GND or VDD, 
f = 1MHz 


Input Current Bus - 
Hold Low 


VDD = 4.5V and 5.5V, 
VIN = GND or 3.5V and 
VDD = 4.5V, 

VIN = 0.8V or VDD 


Noise Immunity 
Functional Tests 


NOTES: 


1,2,3 
Pins: 2-16, 26-29, 32, 34-39 


7, 8A, 8B - 


7, 8A, 8B 


-35°C, +25°C, 


3.0 
+125°C 
-35°C, +25°C, VDD - 
+125°C 0.4V 


35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C: 


-35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C 


_ -35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C 


-35°C, +25°C, 
+125°C 


1. IBHH should be measured after raising VIN to VDD and then lowering to 3.0V. 
2. IBHL should be measured after lowering VIN to VSS and then raising to 0.8V. 
3. IDDSB tested during Clock high time after halt instruction executed. 
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_ TABLE 2a. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MIN MODE) 


AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


| GROUP A ee 


PARAMETERS $j SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE UNITS 


CLK Cycle Period TCLCL VDD = 4.5V 9, 10, 11 -35°C, +25°C, 
VDD = 5.5V +125°C 
CLK Low Time TCLCH |VDD=4.5V 9, 10, 11 -35°C, +25°C, 118 
+125°C 


CLK High Time TCHCL 


TDVCL 


VDD = 4.5V 
VDD = 5.5V 


VDD = 4.5V 


-35°C, +25°C, 
+125°C 

-35°C, +25°C, . 
+125°C 


-35°C, +25°C, 10 
+125°C 


-35°C, +25°C, 118 
+125°C 


-35°C, +25°C, 
+125°C 


Data in Setup Time 


Data In Hold Time TCLDX1 | VDD =4.5V 


Ready Setup Time into TRYHCH | VDD = 4.5V 


80C86RH 


9, 10, 11 


Ready Hold Time into TCHRYX [VDD = 4.5V 9, 10, 11 


& 
D 
x 


Ready Inactive to CLK TRYLCL |} VDD =4.5V 9, 10, 11 -35°C, +25°C, 

(Note 2) +125°C 

Hold Setup Time THVCH | VDD =4.5V -35°C, +25°C, 
+125°C 

INTR, NMI, TestSetup Time | TINVCH | VDD =4.5V -35°C, +25°C, 
+125°C 


MIN MODE TIMING RESPONSES (CL = 100pF) 
Address Valid Delay TCLAV | VDD =4.5V 


9, 10, 11 -35°C, +25°C, 


.+125°C 


— 
_ 
Oo 


aad 
oO 
> 
S 
< 
© 
ro 
za 
3) 
4 


RHAV | VDD =4.5V 9, 10, 11 


-35°C, +25°C, TCLCL - 
+125°C 45 
9,10, 11 -35°C, +25°C, 10 
+125°C 


TCLHAV | VDD = 4.5V 


ALE Width TLHLL VDD = 4.5V 9,10,11 | -35°C, +25°C, TCLCH - 
+125°C 20 
ALE Active Delay TCLLH | VDD =4.5V 9, 10, 11 -35°C, +25°C, 
+125°C 
~ | ALE Inactive Delay TCHLL {VDD =4.5V 9, 10, 11 -35°C, +25°C, 
| +125°C 
Address Hold Time to ALE TLLAX |VDD=4.5V 9, 10, 11 -35°C, +25°C, TCHCL - 
Inactive _ +125°C 10 
Control Active Delay TCVCTV | VDD =4.5V 9, 10, 11 -35°C, +25°C, 110 
+125°C 
- | Control Active Delay 2 TCHCTV | VDD =4.5V 9, 10, 11 -35°C, +25°C, 110 
+125°C 
Control Inactive Delay TCVCTX | VDD =4.5V 9, 10, 11 -35°C, +25°C, 110 
+125°C 
RD Active Delay TCLRL {VDD =4.5V 9, 10, 11 _-85°C, +25°C, 
+125°C 
RD Inactive Delay TCLRH | VDD =4.5V 9, 10, 11 -35°C, +25°C, 10 150 
+125°C 
oe all Sal 


zie 
b| 
AE: 
< 

Pip 
ajo 
Oj}; < 
© | o 
& 
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TABLE 2a. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MIN MODE) (Continued). 


AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. —_—- a 


- LIMITS 
oe | eroupa | kiwis | 
- PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN- | MAX: | 
RD Width TRLRH {VDD =4.5V -35°C, +25°C, | 2TCLCL- 
| 425°C 75° 
WR Width TWLWH_ | VDD =4.5V — .85°C, +25°C, | 2TCLCL- 
+125°C 60 
Address Valid to ALE Low TAVLL . | VDD =4.5V 9, 10, 11 -35°C, +25°C, | TCLCH- 
+125°C 60 


UNITS 


Output Rise Time TOLOH | VDD=4.5V - «85°C, +25°C, 
From 0.8V to 2.0V +125°C 
Output Fall Time TOHOL j| VDD =4.5V -35°C, +25°C, 
From 2.0V to 0.8V 


+125°C 
NOTES: 
1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK: 
2. Applies only to T2 State (8ns into T3). 


TABLE 2b. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MAX MODE) 


AC’s tested at worst case VDD, AC’s guaranteed over full operating specifications. 


. | | GROUP A 
- PARAMETERS SYMBOL | CONDITIONS | SUBGROUPS | TEMPERATURE 


TIMING REQUIREMENTS . . 


CLK Cycle Period TCLCL | VDD=4.5V 9,10, 11. -35°C, +25°C, 
3 VDD=5.5V | +125°C 
CLK Low Time TCLCH VDD = 4.5V -35°C, +25°C, 118 
|. +125°C 
CLK High Time TCHCL | VDD =4.5V -35°C, +25°C, 
VDD = 5.5V +125°C © 
Data in Setup Time . TDVCL |VDD=4.5V -35°C, +25°C, | 
| . +125°C 
Data in Hold Time | TCLDX1 {VDD =4.5V 9,10, 11 -35°C, +25°C, 
7 , . +125°C . 
Ready Setup Time into — TRYHCH {VDD = 4.5V 9, 10, 11 -35°C, +25°C, 118. 
80C86RH . +125°C 
az 


Ready Hold Time into CHRYX [VDD =4.5V -35°C, +25°C, 
80C86RH_ +125°C 
Ready Inactive to CLK TRYLCL | VDD =4.5V -35°C, +25°C, 
(Note 2) +125°C 


INTR, NMI, Test/Setup Time | TINVCH | VDD =4.5V -35°C, +25°C, 
| +125°C 
ROQ/GT Setup Time TGVCH | VDD =4.5V | 9,10, 11 -35°C, +25°C, 
2 +125°C 
RQ Hold Time into TCHGX |VDD=4.5V -35°C, +25°C, 40 | TCHCL+ 
HS-80C86RH (Note 3) | | +125°C. 10 


MAX MODE TIMING RESPONSES (CL=100pF) | 


Ready Active to Status TRYHSH | VDD =4.5V -35°C, +25°C, | 
Passive (Notes 2 and 4) . +125°C 


10-30 


Specifications HS-80C86RH 


TABLE 2b. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (MAX MODE) (Continued) 


AC's tested at worst case VDD, AC’s guaranteed over full operating specifications. 


| | — GROUP A | LIMITS 
PARAMETERS SYMBOL |. CONDITIONS | SUBGROUPS | TEMPERATURE | MIN | 
110 
10 
110 


-35°C, +25°C, 


Status Active Delay TCHSV [VDD =4.5V 9, 10, 11 -35°C, +25°C, 
| oe +125°C 
Status Inactive Delay TCLSH |VDD=4.5V 
(Note 4) +125°C 
Address Valid Delay -  TCLAV | VDD =4.5V 9, 10, 11 -35°C, +25°C, 
+125°C 
RD Active Delay TCLRL {VDD =4.5V -35°C, +25°C, 10 
: = — +4125°C 
RAD Inactive Delay TCLRH |VDD =4.5V 9,10, 11 -35°C, +25°C, 
+125°C : 
AD Inactive to Next TRHAV [VDD =4.5V -35°C, +25°C, | TCLCL- 
Address Active +125°C 45 
GT Active Delay TCLGL |VDD=4.5V -35°C, +25°C, 
+125°C 
GT Inactive Delay TCLGH | VDD =4.5V | 9,10, 11 -35°C, +25°C, 
+125°C , 
RD Width TRLRH | VDD =4.5V - -35°C, +25°C, | 2TCLCL- 
+125°C 75 
Output Rise Time TOLOH |VDD=4.5V 9, 10, 11 -35°C, +25°C, 
; From 0.8V to 2.0V +125°C 
Output Fall Time TOHOL | VDD =4.5V 9, 10, 11 -35°C, +25°C, 
From 2.0V to 0.8V +125°C 


NOTES: 
1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
2. Applies only to T2 State (8ns into T3). 
3. The HS-80C86RH actively pulls the RQ/GT pin to a logic one on the following clock low time. 
4. Status lines return to their inactive (logic one) state after CLK goes low and READY goes high. 


TABLE 3a. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UN 
Input Capacitance CIN VDD = Open, f = 1MHz Ty = 425°C 
(Note 1) . 
Output Capacitance - . COUT | VDD = Open, f= 1MHz Ta = +25°C pF 
(Note 1) “ 
VO Capacitance | C/O | VDD = Open, f = 1MHz Ta = +25°C 
| (Note 1) 


TIMING REQUIREMENTS 


CLK Rise Time TCHiCH2 | VDD = 4.5V and 5.5V 
Min and Max Mode 
from 1.0V to 3.5V 

CLK Fall Time TCL2CL1 | VDD = 4.5V and 5.5V 


-35°C < Ty < +125°C 


-35°C < Ty < +125°C 
Min and Max Mode 
from 3.5V to 1.0V 
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Specifications HS-80C86RH 


TABLE 3a: ELECTRICAL. PERFORMANCE CHARACTERISTICS (Continued) 


| symBo. | conpitions’ | 


| VDD = 4.5V and 5.5V 
| Min and Max Mode ~~ 
from 0.8V to 2.0V 


VDD = 4.5V and 5.5V 
_. | Min and Max Mode 
-- |from2.0V to0.8BV 


TEMPERATURE 
“-BB°C < Ty < 4125°C | 


BOT, < 25. a 
Address Hold Time TCLAX -35°C < Ty < +125°C oo 
Address Float Delay (Note 2) TCLAZ VDD = 4.5V and 5.5V |. TCLAX 

a “ "| Min-and Max Mode 


PARAMETERS 


Input Rise Time: 


Input Fall Time. 


TIMING RESPONSES 


VDD = 4.5V and 5.5V 
‘Min'and Max Mode — 


‘| Min and Max Mode . 


Data Valid Delay aon TCLDV |VDD=4.5Vand5.5V | -35°C <T)<+125°C oe 
Data Hold Time | TCLDX2 |vDD=4.5Vand5.5V | -35°C <1, <4125°C 
| .... |Min and Max Mode | 
-|Data Hold Time AfterWR «| “TWHDX. | VDD=4.5Vand5.5V. | -35°C <Ty<+125°C | TCLCL-30 ae 
Fe a Min Mode : me 


10 


Status Float Delay (Note 2) -TCHSZ | VDD =4.5V and 5.5V -35°C < Ty < +125°C 
a Max Mode 

Address Float to Read Active -TAZRL | VDD = 4.5V and 5.5V -35°C < Ty < +125°C 

(Note 2) oe Min and Max Mode _ ede. ate os 


NOTES: ae i 
1. All measurements referenced to device ground. 
2. Output drivers disabled. Bus hold circuitry still active. 


3. The parameters are controlled via design or process parameters and are not directly tested. These parameters are characterized upon 
initial design release and upon design changes which would affect these characteristics. — . 


TABLE 3b. ELECTRICAL PERFORMANCE CHARACTERISTICS 
Timing Signals at HS-82C85RH or 82C88 for Reference Only. ; 


Status Valid to MCE High TSVMCH | Max Mode Only | -85°C < Ty < +125°C 


© ea | my | LIMITS 
PARAMETERS SYMBOL CONDITIONS © TEMPERATURE 


NOTE: 
1. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


a 
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‘TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: See 25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7 and 9). 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


SYMBOL 
IDDSB 
IOZL, IOZH 


eS PARAMETER — 


DELTA LIMITS 


TABLE 6. APPLICABLE SUBGROUPS 


Initial Test 


Samples/5005 


: 
[OD NY 
a 5s es ee ee eee ee 
CC Sc | 


NWA 

Ay t 

N/A 

N/A 
1, 2, 3, 7, 8A, 8B, 9, 10, 11 
bee 


Functional Description 
Static Operation 


All HS-80C86RH circuitry is of static design. Internal 
registers, counters and latches are static and require no 
refresh as with dynamic circuit design. This eliminates the 
minimum operating frequency restriction placed on other 
microprocessors. The CMOS HS-80C86RH can operate 
from DC to 5MHs. The processor clock may be stopped in 
either state (HIGH/LOW) and held there indefinitely. This 
type of operation is especially useful for system debug or 
power critical applications. - _ 


The HS-80C86RH can be single stepped using only the 
CPU clock. This state can be maintained as long as is nec- 
essary. Single step clock operation allows simple interface 
circuitry to provide critical information for bringing up your 
system. | . 


Static design also allows very low frequency operation 
(down to DC). In a power critical situation, this can. provide 
extremely low power operation since HS-80C86RH power 


dissipation is directly related to operating frequency. As the 
system frequency is reduced, so is the operating power until, 
ultimately, at a DC input frequency, the HS-80C86RH power 
requirement is the standby current, (SOOWA maximum). 


Internal Architecture 


The internal functions of the HS-80C86RH processor are 
partitioned logically into two processing units. The first is the 


Bus Interface Unit (BIU) and the second is the Execution 
Unit (EU) as shown in the CPU functional diagram. 


These units can interact directly but for the most part 
perform as separate asynchronous operational processors. 
The bus interface unit provides the functions related to 
instruction fetching and queuing, operand fetch and store, 
and address relocation. This unit also provides the basic bus 
control. The overlap of instruction pre-fetching provided by 
this unit serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of the 
instruction stream can be queued while waiting for decoding 
and execution. 
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The instruction stream queuing mechanism allows the BIU to 
keep the memory utilized very efficiently. Whenever there is 
space for at least 2 bytes in the queue, the BIU will attempt.a 
word fetch memory cycle. This greatly reduces “dead-time” 
on the memory bus. The queue acts as.a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction bytes 
as required. If the queue is empty (following a branch 
instruction, for example), the first byte into the queue 
immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions from the 
BIU queue and provides un-relocated operand addresses to 
the BIU. Memory operands are passed through the BIU for 
processing by the EU, which passes results to the BIU for 
storage. | 


Memory Organization 


The processor provides a 20-bit address to memory, which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. (See 
Figure 1). 


Go OSCOFFFFFH 


a 


64K BIT 


CODE SEGMENT 
XXXXOH 


fecx SEGMENT 


SEGMENT 
REGISTER FILE 


DATA SEGMENT 


EXTRA SEGMENT 
I 3 00000H 
FIGURE 1. HS-80C86RH MEMORY ORGANIZATION 


TABLE 7. 


DEFAULT | ALTERNATE 
TYPE OF MEMORY SEGMENT | SEGMENT 
REFERENCE BASE BASE > ; 


CS, ES, SS {Effective 
Address 


[os 
alt 
[3s | 65 ES SS 
oh el 


CS, DS, ES |Effective 
Address 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of 
programs. The segment register to be selected is 


automatically chosen according to the specific rules of Table 


7. All information in one segment type share the same 


_ logical attributes (e.g. code or data). By structuring memory 
into relocatable. areas of similar characteristics and by 


automatically selecting segment registers, programs are 
shorter, faster and more structured. (See Table 7). 


Word (16-bit) operands can be located on even or odd 
address boundaries and are thus not constrained to even 


‘boundaries as is the case. in many 16-bit computers. For 


address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the 
most significant byte in the next higher address location. The 
BIU automatically performs the proper number of memory 
accesses, one if the word operand is on an even byte 
boundary and two if it is on an odd byte boundary. Except for 
the performance penaity, this double access is transparent to 
the software. The performance penalty does not occur for 
instruction fetches; only word operands. 


Physically, the memory is organized as a high bank (D15- 
D6) and a low bank (D7-D0) of 512K bytes addressed i in par- 
allel by the processor's address lines. 


Byte data with even addresses is transferred on the D7-DO 
bus lines while odd addressed byte data (AO HIGH) is 


transferred on the D15-D6 bus lines. The processor provides 


two enable signals, BHE and AO, to selectively allow reading 
from or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched from 
memory as words and is addressed internally by the 
processor at the byte level as necessary. 


In referencing word data, the BIU requires one or two 
memory cycles depending on whether the starting byte of 
the word is on an even or odd address, respectively. Con- 
sequently, in referencing word operands performance can be 
optimized by locating data on even address boundaries. This 
is an especially useful technique for using the stack, since 
odd address references to the stack may adversely affect the 
context switching time for interrupt processing or task multi- 
plexing. 


Certain locations in memory are reserved for specific CPU 
operations (See Figure 2). Locations from address FFFFOH 
through FFFFFH are reserved for operations including a 
jump to the initial program loading routine. Following RESET, 
the CPU will always begin execution at location FFFFOH 
where the jump must be located. Locations OOO0O0H through 
OO3FFH are reserved for interrupt operations. Each of the 
256 possible interrupt service routines is accessed through 
its own pair of 16-bit pointers - segment address pointer and 
offset address pointer. The first pointer, used as the offset 
address, is loaded into the 1P and the second pointer, which 
designates the base address is loaded into the CS. At this 
point program control is transferred to the interrupt routine. 
The pointer elements are assumed to have been stored at 
the respective places in reserved memory prior to occur- 
rence of interrupts. 
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RESET BOOTSTRAP re 
PROGRAM JUMP EFFFOH 


3FFH 
INTERRUPT POINTER 
FOR TYPE 255 
3FCH 
; 
7H 
INTERRUPT POINTER 
4H 
INTERRUPT POINTER 3H 
OH 


FIGURE 2. RESERVED MEMORY LOCATIONS 
Minimum and Maximum Operation Modes 


The requirements for supporting minimum and maximum 
HS-80C86RH systems are sufficiently different that they 
cannot be met efficiently using 40 uniquely defined pins. 
Consequently, the HS-80C86RH is equipped with a strap pin 
(MN/MX) which defines the system configuration. The defini- 
tion of a certain subset of the pins changes, dependent on 
the condition of the strap pin. When the MN/MX pin is 
Strapped to GND, the HS-80C86RH defines pins 24 through 
31 and 34 in maximum mode. When the MN/MX pin is 
strapped to VDD, the HS-80C86RH generates bus control 
signals itself on pins 24 through 31 and 34. 


Bus Operation 


The HS-80C86RH has a combined address and data bus 
commonly referred to as a time multiplexed bus. This tech- 
nique provides the most efficient use of pins on the proces- 
sor while permitting the use of a standard 40-lead package. 
This “local bus” can be buffered directly and used throughout 
the system with address latching provided on memory and I/ 
O modules. In addition, the bus can also be demultiplexed at 
the processor with a single set of 82C82 latches if a stan- 
dard non-multiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK cy- 
cles. These are referred to as T1 , T2, T3 and T4 (see Figure 
3). The address is emitted from the processor during T1 and 
data transfer occurs on the bus during T3 and T4. T2 is used 
primarily for changing the direction of the bus during read 
operations. In the event that a “NOT READY” indication is 
given by the addressed device, “Wait” states (TW) are 
inserted between T3 and T4. Each inserted wait state is the 
same duration as a‘CLK cycle. Idle periods occur between 
HS-80C86RH driven bus cycles whenever the processor 
performs internal processing. 


During T1 of any bus cycle, the ALE (Address Latch Ena- 
ble) signal is emitted (by either the processor or the 82C88 
bus controller, depending on the MN/MxX strap). At the trail- 
ing edge of this pulse, a valid address and certain status 
information for the cycle may be latched. 


Status bits SO, S1 and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to Table 8. 


‘TABLE 8. 


82] si_| 50 | CHARACTERISTICS 
po | 9 | 0 [interrupt Acimowietga 
ee oe ee ae 
| 0 { 1 | 0 [Write VO Por 

eee 
pt | o [ 0 instruction Fetch 
ae aa 
ee eee 
eee ed 


Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle). 


Status bits S3 through S7 are time multiplexed with high 
order address bits and the BHE signal, and are therefore 
valid during T2 through T4. S3 and S4 indicate which seg- 
ment register (see Instruction Set Description) was used for 
this bus cycle in forming the address, according to Table 9. 


TABLE 9. 


CHARACTERISTICS 
Alternate Data (extra segment) 


S5 is a reflection of the PSW interrupt enable bit. S6 is al 
ways zero and S7 is a spare status bit. 


VO Addressing 


In the HS-80C86RH, I/O operations can address up to a 
maximum of 64K I/O byte registers or 32K I/O word regis- 
ters. The I/O address appears in the same format as the 
memory address on bus lines A15-A0O. The address lines 
A19-A16 are zero in I/O operations. The variable I/O instruc- 
tions which use register DX as a pointer have full address 
capability while the direct I/O instructions directly address 
one or two of the 256 I/O byte locations in page 0 of the I/O 
address space. 


I/O ports are addressed in the same manner as memory 
locations. Even addressed bytes are transferred on the D7- 
DO bus lines and odd addressed bytes on D15-D8. Care 
must be taken to ensure that each register within an 8-bit 
peripheral located on the lower portion of the bus be 
addressed as even. 
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CLK 


ALE 


ADDR/DATA 


READY 


DT/R 


HS-80C86RH 


(4+ NWAIT) = TCY <_—______— (4+ NWAIT) = TCY 
1 | te | 13 | twat] ta 1 | t2 | 13 | twat] 


GOES INACTIVE IN THE STATE 
JUST PRIOR TO T4 


' READY ‘READY 


WAIT 


MEMORY ACCESS TIME = |j~=«c_—___ 


FIGURE 3. BASIC SYSTEM TIMING 
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External Interface 
Processor RESET and Initialization 


Processor initialization or start up is accomplished with acti- 
vation (HIGH) of the RESET pin. The HS-80C86RH RESET 
is required to be HIGH for greater than 4 CLK cycles. The 
HS-80C86RH will terminate: operations on the high-going 
edge of RESET and will remain dormant as long as RESET 
is HIGH. The low-going transition of RESET triggers an 
internal reset sequence for approximately 7 clock cycles. 
After this interval, the HS-80C86RH operates normally 
beginning with the instruction in absolute location FFFFOH. 
(See Figure 2). The RESET input is internally synchronized 
to the processor clock. At initialization, the HIGH-to-LOW 
transition of RESET must occur no sooner than 50ps (or 4 
CLK cycles, whichever is greater) after power-up, to allow 
complete initialization of the HS-80C86RH. 


NMI will not be recognized prior to the second CLK cycle fol- 
lowing the end of RESET. If NMI is asserted sooner than 
nine clock cycles after the end of RESET, the processor may 
execute one instruction before responding to the interrupt. - 


Bus Hold Circuitry 


To avoid high current conditions caused by floating inputs to 
CMOS devices and to eliminate need for pull- up/down resis- 
tors, “bus-hold” circuitry has been used on the HS-80C86RH 
pins 2-16,26-32 and 34-39. (See Figure 4A and 4B). These 
circuits will maintain the last valid logic state if no driving 
source is present (i.e. an unconnected pin or a driving 
source which goes to a high impedance state). To overdrive 
the “bus hold” circuits, an external driver must be capable of 
supplying approximately 400A minimum sink or source cur- 
rent at valid input voltage levels. Since this “bus hold” cir- 
cuitry is active and not a “resistive” type element, the 
associated power supply current is negligible and power dis- 
sipation is significantly reduced when compared to the use 
of passive pull-up resistors. 
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FIGURE 4B. BUS HOLD CIRCUITRY PIN 26-32 
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Interrupt Operations 


Interrupt operations fall into two classes: software or hard- 
ware initiated. The software initiated interrupts and software 
aspects of hardware interrupts are specified in the Instruc- 
tion Set Description. Hardware interrupts can be classified 
as non-maskable or maskable. 


Interrupts result in a transfer of control to a new program 
location. A 256-element table containing address pointers to 
the interrupt service routine locations resides in absolute 
locations 0 through 3FFH, which are reserved for this pur- 
pose. Each element in the table is 4 bytes in size and corre- 
sponds to an interrupt “type”. An interrupting device supplies 
an 8-bit type number during the interrupt acknowledge 
sequence, which is used to “vector” through the appropriate 
element to the interrupt service routine location. All flags and 
both the Code Segment and Instruction Pointer register are 
saved as part of the INTA sequence. These are restored 
upon execution of an Interrupt Return (IRET) instruction. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt pin 
(NMI) which has higher priority than the maskable interrupt 
request pin (INTR). A typical use would be to activatea 
power failure:routine. The NMI is edge-triggered on a LOW- 
to-HIGH transition. The activation of this pin causes a type 2 
interrupt. 


NMI is required to have a: duration in the HIGH state of 
greater than two CLK cycles, but is not required to be syn- 
chronized to the clock. Any positive transition of NMI is 
latched on-chip and will be serviced at the end of the current 
instruction or between whole moves of a block-type instruc- 
tion. Worst case response to NMI would be for multiply, 
divide, and variable shift instructions. There is no specifica- 
tion on the occurrence of the low-going edge; it may occur 
before, during or after the servicing of NMI. Another positive 
edge triggers another response if it occurs after the start of 
the NMI procedure. The signal must be free of logical spikes 
in general and be free of bounces on the low-going edge to 
avoid triggering extraneous responses. 


Maskable Interrupt (INTR) 


The HS-80C86RH provides a single interrupt request input 
(INTR) which can be masked internally by software with the 
resetting of the interrupt enable flag (IF) status bit. The inter- 
rupt request signal is level triggered. It is internally synchro- 
nized during each clock cycle on the high-going edge of 
CLK. To be responded to, INTR must be present (HIGH) dur- 
ing the clock period preceding the end of the current instruc- 
tion or the end of a whole move for a block- type instruction. 
INTR_may be removed anytime after the falling edge of the 
first INTA signal. During the interrupt response sequence fur- 
ther interrupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software interrupt 
or single-step), although the FLAGS register which is auto- 
matically pushed onto the stack reflects the state of the pro- 
cessor prior to the interrupt. Until the old FLAGS register is 
restored the enable bit will be zero unless specifically set by 
an instruction. 
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During the response sequence (Figure 5) the processor exe- 
cutes two successive (back-to-back) interrupt acknowledge 
cycles. The HS-80C86RH emits the LOCK signal (Max 
mode only) from T2 of the first bus cycle until T2 of the sec- 
ond. A local bus “hold” request will not be honored until the 
end of the second bus cycle. In the second bus cycle, a byte 
is supplied to the HS-80C86RH by the HS-82C89ARH Inter- 
rupt Controller, which identifies the source (type) of the inter- 
rupt. This byte is multiplied by four and used as a pointer into 
the interrupt vector look-up table. An INTR signal left HIGH 
will be continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RETURN 
instruction includes a FLAGS pop which returns the status of 
the original interrupt enable bit when it restores the FLAGS. 


| t+ | to | ts lralnl ta | t2 | 13 | 4a | 


ADOo- FLOAT _ | 
AD15 
FIGURE 5. INTERRUPT ACKNOWLEDGE SEQUENCE 
Halt | | 


When a software “HALT” instruction is . executed the pro- ces- 
sor indicates that it is entering the “HALT” state in one of two 
ways depending upon which mode is strapped. In minimum 
mode, the processor issues one ALE with no qualifying bus 
control signals. In maximum_mode_the processor issues 
appropriate HALT status on $2, S1, SO and the 82C88 bus 
controller issues one ALE. The HS-80C86RH will not leave 
the “HALT” state when a local bus “hold” is entered while in 
“HALT”. In this case, the processor reissues the HALT indi- 
cator at the end of the local bus hold. An NMI or interrupt 
request (when interrupts enabled) or RESET will force the 
HS-80C86RH out of the “HALT” state. 


Read/Modify/Write (Semaphore) 
Operations Via. Lock — 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the execu- 
tion of an instruction. This gives the processor the capability 
of performing read/modify/write operations on memory (via 
the Exchange Register With Memory instruction, for exam- 
ple) without another system bus master receiving interven- 
ing memory cycles. This is useful in multiprocessor system 


configurations to accomplish “test and set lock” operations. 


The LOCK signal is activated (forced LOW) in the clock cycle 
following decoding of the software “LOCK” prefix instruction. 
It is deactivated at the end of the last bus cycle of the 
instruction following the “LOCK” _prefix instruction. While 
LOCK is active a request on a RQ/GT pin will be recorded 
and then honored at the end of the LOCK. 


External Synchronization Via TEST — 


As an alternative to interrupts, the HS-80C86RH provides a 
single software-testable input pin (TEST EST). This input is uti- 
lized by executing a WAIT instruction. The single WAIT 
instruction is repeatedly executed until the TEST input goes 
active (LOW). The execution of WAIT does not consume bus 
cycles once the queue is full. 


Ifa local bus request occurs during WAIT execution; the Hs- 
80C86RH three-states all output drivers while inputs and I/O 
pins are held at valid logic levels by internal bus-hold circuits. 
If interrupts are enabled, the HS-80C86RH will recognize 
interrupts and process them.when it regains control of the 
bus. The WAIT instruction is then refetched, and reexecuted. 


Basic System Timing 


Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 
6A and 6B, respectively. In minimum mode, the MN/MX pin 
is strapped to VDD and the processor emits bus control sig- 
nals (e.g. RD, WR, etc.) directly. In maximum mode, the MN/ 
Mx pin is strapped to GND and the processor emits coded 
status information which the 82C88 bus controller used to 
generate MULTIBUS™ compatible bus control signals. Fig- 
ure 3 shows the signal timing relationships. 


TABLE 10. HS-80C86RH REGISTER MODEL. 


AX. ACCUMULATOR 
BX BASE 
CX -_ COUNT 
DX DATA 
STACK POINTER _ 
_ BASE POINTER 


SOURCE INDEX 
DESTINATION INDEX . 


INSTRUCTION POINTER 
STATUS FLAGS 


CODE SEGMENT 
DATA SEGMENT 
STACK SEGMENT 
EXTRA SEGMENT 


MULTIBUS™ is an intel Trademark 
System Timing - Minimum System 


The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low-going) 
edge of this signal is used to latch the address information, 
which is valid on the address/data bus (ADO-AD15) at this 
time, into the 82C82 latches. The BHE and AO signals 
address the low, high or both bytes. From T1 to T4 the M/IO 
signal indicates a memory or I/O operation. At T2, the 
address is removed from the address/data bus and the bus 
is held at the last valid logic state by internal bus hold 
devices. The read control signal is also asserted at T2. The 
read (RD). signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later, valid data 
will be available on the bus and the addressed device will 
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drive the READY line HIGH. When the processor returns the 
read signal to a HIGH level, the addressed device will three- 
state its bus drivers. If a transceiver is required to buffer the 
HS-80C86RH local bus, signals DT/R and DEN are provided 
by the HS- 80C86RH. | 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/lO signal is again asserted 
to indicate a memory or I/O write operation. In T2, immed- 
iately following the address emission, the processor emits 
the data to be written into the addressed location. This data 
remains valid until at least the middle of T4. During T2, T3 
and TW, the processor asserts the write control signal. The 
write (WR) signal becomes active at the beginning of T2 as 
opposed to the read which is delayed somewhat into T2 to 
provide time for output drivers to become inactive. 


The BHE and AO signals are used to select the proper 
byte(s) of the memory/IO word to be read or written accord- 
ing to Table 11. 


TABLE 11. 


Dene [a0 | CHARACTERISTICS 
ee 
cs Cc 
Pt [0 [towers omto ven adress 
ae ae a (ene 
I/O ports are addressed in the same manner as memory 


location. Even addressed bytes are transferred on the D7-DO 
bus lines and odd address bytes on D15-D6. 


The basic difference between the interrupt acknowledge 
cycle and a read cycle is that the interrupt acknowledge sig- 
nal (INTA) is asserted in place of the read (RD) signal and 
the address bus is held at the last valid logic state by internal 
bus hold devices. (See Figure 4). In the second of two suc- 
cessive INTA cycles a byte of information is read from the 
data bus (D7-DO) as supplied by the interrupt system logic 
(i.e. HS-82CS9ARH Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multiplied by 
four and used as a pointer into an interrupt vector lookup 
table, as described earlier. 


Bus Timing - Medium and Large Size Systems 


For medium complexity systems the MN/MX pin is 
connected to GND and the 82C88 Bus Controller is added to 
the system as well as three 82C82 latches for latching the 
system address, and a transceiver to allow for bus loading 
greater than the HS-80C86RH is capable of handling. Bus 
control signals are generated by the 82C88 instead of the 
processor in this configuration, although their timing remains 
relatively the same. The HS-80C86RH status outputs (S2, 
S1, and SO) provide type- of-cycle information and become 
82C88 inputs. This bus cycle information specifies read 
(code, data or I/O), write (data or I/O), interrupt acknowl- 
edge, or software halt. The 82C88 issues control signals 
specifying memory read or write, I/O read or write, or inter- 
rupt acknowledge. The 82C88 provides two types of write 
strobes, normal and advanced, to be applied as required. 
The normal write strobes have data valid at the leading edge 
of write. The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the leading 
edge of write. The transceiver receives the usual T and OE 
inputs from the. 82C88 DT/R and DEN signals. 


For large multiple processor systems, the 82C89 bus arbiter 
must be added to the system to provide system bus man- 
agement. In this case, the pointer into the interrupt vector 
table, which is passed during the second INTA cycle, can be 
derived from an HS-82C59ARH located _on either the local 
bus or the system bus. The processor's INTA output should 
drive the SYSB/RESB input of the 82C89 to the proper state 
when reading the interrupt vector number from the HS- 
82C59ARH during the interrupt acknowledge sequence and 
software “poll”. 


A Note on Radiation Hardened Product Availability 


There are no immediate plans to develop the 82C88 Bus 
Controller or the 82C89 Arbiter as radiation hardened inte- 
grated circuits in packaged form. However for systems 
requiring these circuits, they are available as sort coded LSI 
macros in the Harris HSC-RH radiation hardened Standard 
Cell. 
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FIGURE 6B. MINIMUM MODE HS-80C86RH TYPICAL CONFIGURATION 
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Waveforms 
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BUS TIMING - MINIMUM MODE SYSTEM 
NOTES: 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control signals are 
shown for the second INTA cycle. — 


4, Signals at HS-82C85RH are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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Waveforms (Continued) 
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BUS TIMING - MINIMUM MODE SYSTEM 
NOTES: | 
1. All signals switch between VOH and VOL unless otherwise specified. 
2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control signals are 
shown for the second INTA cycle. 


4. Signals at HS-82C85RH are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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Waveforms (continued) 
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BUS TIMING - MAXIMUM MODE SYSTEM 


NOTES: 

. All signals switch between VOH and VOL unless otherwise specified. 

. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 
. Cascade address is valid between first and second INTA cycle. 


. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA saeiies Control for pointer ad- 
dress is shown for the second INTA cycle. 
5. Signals at HS-82C85RH or 82C88 are shown for reference only. 


6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active 
high 82C88 CEN. 


7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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Waveforms (Continued) 
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BUS TIMING - MAXIMUM MODE SYSTEM (USING 82C88) 


NOTES: 

1. All signals switch between VOH and VOL unless otherwise specified. 

2. RDY is sampled near the end of T2, T3, TW to determine if TW machines states are to be inserted. 
3. Cascade address is valid between first and second INTA cycle. 
4 


. Two INTA cycles run back-to-back. The HS-80C86RH local ADDR/DATA bus is inactive during both INTA cycles. Control for pointer ad- 
dress is shown for the second INTA cycle. . 
. Signals at HS-82C85RH or 82C88 are shown for reference only. 


6. The issuance of the 82C88 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA and DEN) lags the active 
high 82C88 CEN. 


7. All timing measurements are made at 1.5V unless otherwise noted. 
8. Status inactive in state just prior to T4. 
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AC Test Circuits AC Testing Input, Output Waveform | 
OUTPUT FROM INPUT OUTPUT 
DEVICE UNDER TEST l TEST POINT a coav VOH 
CL* : _ VIL-0.4V Usk Ladd VOH 


= NOTE: All inputs signals (other than CLK) must switch between VIL- 

max -0.4V and ViHmin +0.4. CLK must switch between 0.4V 
and 3.9V. TR and TF must be less than or equal to 15ns. CLK 
TR and TF must be less than or equal to 10ns. 


* Includes stray and jig capacitance. 


Burn-In Circuits 


_HS-80C86RH 40 PIN DIP HS-80C86RH 40 PIN DIP. 
7 4] 
Wee ee 
vee mee 
ia pf 
Ms B 
ayaa pit 
ae 8 
Pe Pe 
nae 
12 12 
a= ver 
ayaa — pw 
= Bye. 
| ae Bai 
am: awa 
oe PW -tig 
) 2d 20 
~| TH T25.0us 
| LOA 
2.7KQ. 
STATIC : x | | ~ DYNAMIC 
VDD = +6.5V + 10% Resistors: 6 | VDD = 6.5V + 5% (Burn-in) Resistors: 
TA = +125°C Minimum 10kQ + 10% —' VDD = 6.0V + 5% (Life Test) 10kQ (Pins 17, 18, 21, 22, 23, 33) 
Part is Static Sensitive (Pins 17, 18, 21-23, 31, 33) TA = +125°C 3.3kQ (Pins 2-16, 19, 30, 31, 39) 
Voltages Must Be Ramped 2.7kQ + 5% (Pins 2-16, 39) Package: 40 Pin DIP 2.7kQ Loads As Indicated 
Package: 40 Pin DIP 1.0kQ + 5% 1/10Q Min (Pin 19) Partis Static Sensitive = =— All Resistors Are At Least 1/8W, 
Minimum of 5 CLK Pulses Voltage Must Be Ramped + 10% 
After Initial Pulses, CLK is Left High FO = 100kHz, F1 =F0/2,F2=F1/2... 
Pulses are 50% Duty Cycle Square | RESET, NMI low after initialization. 
Wave _ READY pulsed low every 320ms 


MN/MX changes state every 5.24s 
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Burn-In Circuits (continued) 
HS-80C86RH 42 LEAD FLATPACK 


Y VDD 


HS-80C86RH 42 LEAD FLATPACK 
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STATIC 
Resistors: 


DYNAMIC 


Resistors: 
10kQ (Pins 17, 18, 21, 22, 23, 33) 
3.3kQ (Pins 2-16, 19, 30, 31, 39) 
2.7kQ Loads As Indicated 
All Resistors Are At Least 1/8W, 

+ 10% 
FO = 100kHz, F1 =F0/2,F2=F1/2... 
RESET, NMI low after initialization. 
READY pulsed low every 320ms 
MN/MX changes state every 5.24s 


VDD = +6.5V + 10% 
TA = +125°C Minimum 10kQ + 10% 
Part is Static Sensitive (Pins 17, 18, 21-23, 31, 33) 
Voltages Must Be Ramped 2.7kQ + 5% (Pins 2-16, 39) 
Package: 42 Pin Flatpack 1.0kQ + 5% 1/10Q Min (Pin 19) 
Minimum of 5 CLK Pulses 
After initial Pulses, CLK is Left High 
Pulses are 50% Duty Cycle Square 
Wave 


VDD = 6.5V + 5% (Burn-in) 
VDD = 6.0V + 5% (Life Test) 
TA = +125°C 

Package: 42 Pin Flatpack 
Part is Static Sensitive 
Voltage Must Be Ramped 
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Timing Diagrams 


READY TIMING AS COMPARED TO F5 


Fa OL LLL LLL LrLrLrLlrLreyrerLyn. 
Fig — | | 


RESET 


RESET, NMI, AND MN/MIX TIMING AS COMPARED TO F14 AND F16 


FO = 100kHz, 50% se cycle square wave. ; RESET has a pulse width = 8T and occurs every yaw cycles of F16. 
Fl = FO/2,F2=F1/2...F16= F152. . 


READY, RESET, and NMI 
T = 10us. SOE NAMING Bie Be SOW DEON: MN/MX is a 50% duty cycle Square wave and changes every eight 


cycles: of F16. 


NMI has a pulse width = 4T and occurs every two cycles of F16. 


All signals have rise/fall time limits: 
100ns < t-rise, t-fall < 500ns 


Irradiation Circuit 


1 
Pee LoaD 
mwa 
g 2.7KQ 
we 
mwas 
7 
Cw; 2.7KQ 
war ~ 
ne yi 
ri 
rie 
mwa 
rid: 
ae NS 
mwa 
mat NMI 
rave. INTR TEST 
muian = CLK READY 
20 GND 
NOTE: 
1. VDD = 5.0V + 0.5V 4. All Group E testing is performed in the sidebrazed DIP 
2. R2 =3.3kQ, R3 = 47kQ 5. Clock and reset should be brought out separately so they can be 
3. Pins Tied to Gnd: 1-18, 20, 23, 39 ____ toggled before irradiation. 
Pins Tied to VCC: 22, 31, 33, 40 6. Group E Sample Size is 2 Die/Wafer. 


Pins With Loads: 24-29, 30, 32, 34-38 
Pins Brought Out: 19 (Clock), 21 (Reset) 
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Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection Method 2010, Condition A 
Gamma Radiation Assurance Tests Method 1019 
Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 
Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 

Serialization 

X-Ray Inspection Method 2012 

Electrical Tests Subgroup 1; Read and Record (TO) 


Static Burn-in Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (T0-T1) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Dynamic Burn-In Method 1015 Condition D, 240 Hours, 
+125°C (Note 3) 


Electrical Tests Subgroup 1; Read and Record (T2) 
NOTES: | 


Alternate Group A Subgroups 1, 7, 9; Method 5005; 
Para 3.5.1.1 ae. 


Burn-In Delta Calculation (TO-T2) 


PDA Calculation 3% Subgroup 7 
5% Subgroups 1, 7, A 


Electrical Test Subgroup 3; Read and Record 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 


Alternate Group A Subgroups 2, 8A, 10; Method 5005; ; 
Para 3.5.1.1 | 


Gross Leak Method 1014, 100% 
Fine Leak Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: 
B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


B-6; Subgroups 1, 7, 9 


Group D Inspection Method 5005 (Notes 2, 4) 


End-Point Electrical Parameters: Subgroups 1, 7, 9 
External Visual Inspection Method 2009 


| Data Package Generation (Note 5) 


1. The notes of Method 5004, Table 1 Shall apply; unless otherwise specified. 

2. These steps are optional and should be listed on the individual purchase order(s), when required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for 
illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: 
Assembly attributes (Post Seal) 
Test attributes (includes Group A) 
Shippable serial number list . 
Radiation testing certificate of conformance 


"Wafer lot acceptance report (including SEM report) 
X-ray report and film . a 
Test variables data 
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Metallization neporeay 


DIE DIMENSIONS: 
6370um x 7420um x 485m 
METALLIZATION: 
Type: A/S 
Thickness: 11kA+2kA 
GLASSIVATION: 
Thickness: akA + 1kA 
DIE ATTACH: 
Material: Gold 
WORST CASE CURRENT DENSITY: 
1.1 x 10° A/cm? 
Metallization Mask Layout 
HS-80C86RH 
= N o we Oo 2 < g 
s 8@ 86 €@ S$ 88 & 
s+ ma. ee S c f 5 
in = S wa co =z 2 2 2 
>... eke i eG ree oe (36) A18/S5 
(35) A19/S6 
AD10 (6) 
AD9 (7) (34) BHE/S7 
(33) MN/MIX 
ADS (8) 
) (32)RD 
AD7 (9) } 
(31) RQ/GTO © 
AD6 (10) - 
ADS (11) 
(30) RO/GT1 
”. rine ei eee e . one 
5 . : { : : 
AD4 (12) (29) LOCK 
ADS (13) 
(28) S2 
AD2 (14) a 
Z (27)ST 
AD1 (15) oe 
(26) SO 
ADO (16) 


a 
° 
” 
o 


INTR (18) 
CLK (19) 
GND (20) 
RESET (21) 
READY (22) 
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Instruction Set Summary 


Mnemonic and 
Description instruction Code 


DATA TRANSFER 
MOV = Move: 76643210 76543210 76643210 76643210 


XCHG = Exchange: 
Register/Memory with Register 1000011w mod reg r/m 
| Register with Accumulator. 10010reg 

IN = Input from: 
Fixed Port 
Variable Port 1110110w 


3 


Register/Memory to/from Register 

Immediate to Register/Memory | 1100011w | modooorm | data |] datnifwt 
Immediate to Register data 
Memory to Accumulator 
Accumulator to Memory 
Register/Memory to Segment Register®* 

Segment Register to Register/Memory 

PUSH = Push: 

Segment Register 

POP = Pop: 

Segment Register 


OUT = Output to: 


Fixed Port | 4110011w | port ”) 
Variable Port O 
XLAT = Translate Byte to AL a 
LEA = Load EA to Register 10001101 8 
LDS = Load Pointer to DS 11000101 mod reg r/m - 

= 


LES = Load Pointer to ES 11000100 


-LAHF = Load AH with Flags 
SAHF = Store AH into Flags 
PUSHF = Push Flags 10011100 
POPF = Pop Flags 10011101 
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Instruction Set Summary (Continued) 


Mnemonic and 
Description Instruction Code 


ARITHMETIC 
ADD = Add: 


Reg./Memory with Register to Either 
immediate to Register/Memory 


Immediate to Accumulator 


ADC = Add with Carry: 
Reg./Memory with Register to Either 
Immediate to Register/Memory 


Immediate to Accumulator 


| INC = Increment: 
Register/Mamory 

Register 

AAA = ASCIl Adjust for Add 

DAA = Decimal Adjust for Add 
SUB = Subtract: 

Reg./Memory and Register to Either 
Immediate from Register/Memory 


Immediate from Accumulator 


SBB = Subtract with Borrow 
Reg./Memory and Register to Either 
Immediate from Register/Memory 
Immediate from Accumulator 

DEC = Decrement: 
Register/Memory 

Register 

NEG = Change Sign 

CMP = Compare: 
Register/Memory and Register 
Immediate with Register/Memory 
Immediate with Accumulator 

AAS = ASCII Adjust for Subtract 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (Unsigned) 

IMUL = Integer Multiply (Signed) 

| AAM = ASCII Adjust for Multiply 
DIV = Divide (Unsigned) 

IDIV = Integer Divide (Signed) 
AAD = ASCIl Adjust for Divide 
CBW = Convert Byte to Word 
CWD = Convert Word to Double Word 


> . 


766843210 76543210 76543210 76643210 


000000dw 
100000sw 
0000010Ww 


mod reg r/m 


mod000r/m data data ifs:w = 01 
data data ifw = 1 


000100dw mod reg r/m 


100000sw mod010r/m data data if s:w = 01 
0001010w data data ifw = 1 


mod000r/m 
01000reg 


00100111 


001010dw mod reg r/m 


100000sw mod1011/m data data ifs:w = 01 
0010110w data data ifw = 1 


000110dw mod reg r/m 
100000sw mod0111/m 
0001110WwW 


data data if s:w = 01 


data ifw = 1 


data 


T111111Ww mod0011r/m 
01001 reg 


mod011 r/m 


001110dw 
100000sSw 
0011110w 


mod reg r/m 


mod1119r/m data if s:w = 01. 
data 


10011000 
10011001 


‘ 
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Instruction Set Summary (Continued) 


| Mnemonic and 
Description : Instruction Code 


LOGIC 76543210 76543210 76543210 76543210 


NOT = Invert . 1111011w mod 0 10 r/m 


SHL/SAL = Shift Logical/Arithmetic Left | 110100vw mod 1001r/m 
SHR = Shift Logical Right 110100vw mod 101¢/m 


SAR = Shift Arithmetic Right | 

RCL = Rotate Through Carry Flag Lett 

RCR = Rotate Through Carry Right 

AND = And: 

Reg./Memory and Register to Either | 001000dw med regr/m 

Immediate to Register/Memory 1000000w mod 100r/m data data ifw = 1 
Immediate to Accumulator 0010010w data data ifw = 1 


TEST = And Function to Flags, No Result: 
Register/Memory and Register 1000010w mod regr/m 


mod 0.0 0r/m data 


data ~ data ifw = 1 


, : 


Immediate Data and Register/Memory 1111011w 


Immediate Data and Accumulator 1010100w 


OR = Or: | 
Reg./Memory and Register to Either 000010dw mod reg r/m 
mod 001 r/m 


data data ifw = 1 


dataifw = 1 


Immediate to Register/Memory 1000000w 
Immediate to Accumulator 0000110w data 
XOR = Exclusive or: 
mod reg r/m 
Immediate to Register/Memory 1000000w ~ mod1106r/m data 


immediate to Accumulator 0011010w data if w = 1 


STRING MANIPULATION 
REP = Repeat 11110012 
MOVS = Move Byte/Word 1010010w 
CMPS = Compare Byte/Word | 
SCAS =.Scan Byte/Word 

LODS = Load Byte/Wd to AL/AX 
STOS = Stor Byte/Wd from AL/A | 


Reg./Memory and Register to Either 001100dw 


uPROCESSORS 


CONTROL TRANSFER 
CALL = Call: | 


Direct Within Segment 41101000 disp-low | disp-high | 
Indirect Within Segment mod0101r/m 

Direct Intersegment 10011010 
| _s0g-low 


Indirect Intersegment 
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Instruction Set Summary (continued) 


Mnemonic and en ee 
| Description: | mmetieuon Code 
JMP = Unconditional Jump: 76543210. 76543210 76543210 
Direct Within Segment 11101001. disp-high 
Direct Within Segment-Short 11101011. 
Indirect Within’ Segment mod 1001/m 


offset-high 


seg-high 


Direct Intersegment < __ offset-low 
seg-low 


Indirect Intersegment mod 1016/m 


RET = Return from CALL: 
Within Segment 


11000011 
11000010 data-low 


Witin og Aktng ined to 
Intersegment — | 

intersegment Adding ImmediatetoSP 
JE/JZ = Jump on Equal/Zero | 04110100 | disp | | 


JL/JNGE = Jump on Less/Not Greater . 
or Equal | 

JLE/JNG = Jump on Less or Equal/ 
NotGreater 

JB/JNAE = Jump on Below/Not Above 
or Equal 

JBE/JNA = Jump on Below or Equal/ 
NotAbove 

JP/JPE = Jump on Parity/Parity Even 


JO = Jump on Overflow 
JS = Jump on Sign 
JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
. or Equal Bs nae t 
JNLE/JG = Jump on Not Less or Equal/ 
Greater 
JNB/JAE = Jump on Not Below/Above 
or Equal 
JNBE/JA = Jump on Not Below or 
Equal/Above 
JNP/JPO = Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 

JNS = Jump on Not Sign 

LOOP = Loop CX Times 

LOOPZ/LOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE = Loop While Not 
Zero/Equal 
JCXZ = Jump on CX Zero. 


INT = Interrupt 
Type Specified 
Type 3 
| INTO = Interrupt on Overflow 
IRET = Interrupt Return 


01111110 


01110010 


01110000 
01111000 


01110111 
01111011 
01110001 


11100010 
11100001 


disp 


11100000° 


. 41001100 


es 
| | 
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Instruction Set Summary (continued) 


Mnemonic and 
Description 
PROCESSOR CONTROL 
CLC = Clear Carry 


Instruction Code 


76543210 76543210 


11110101 
11111001 


CMC = Complement Carry 
STC = Set Carry 

CLD = Clear Direction 
STD = Set Direction 


11111100 


11111010 
11111011 


CLI = Clear Interrupt 

STI = Set Interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Escape (to External Device) 
LOCK = Bus Lock Prefix 


11110100 
10011011 


mod xx xr/m 


11011xxx 


11110000 


NOTES: 

AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive; 

Less = less positive (more negative) signed values 

ifd = 1 then “to” reg; if d = 0 then “from” reg 

if w = 1 then word instruction; if w = 0 then byte instruc- 
tion 

if mod = 11 then r/m is treated as a REG field 

‘if mod = 00 then DISP = 0°, disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 
16 bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (DI) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (Dl) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 

DISP follows 2nd byte of instruction (before data if re- 

quired) 

*except if mod = 00 and r/m = 110 then EA = disp- 
high: disp-low. 

**MOV CS, REG/MEMORY not allowed. 


| | 
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if s:w = 01 then 16 bits of immediate data form the oper- 
and. 

if s:;w = 11 then an immediate data byte is sign extended 
to form the 16-bit operand. 

if v = 0 then “count” = 1; if v = 1 then “count” in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF FLAG. 

SEGMENT OVERRIDE PREFIX 


O001reg110 


REG is assigned according to the following table: 


16-Bit(w = 1) | 8-Bit(w = 0) 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 

FLAGS = 

X:X:X:X:(OF):(DF):(1F):(7 F):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics © Intel, 1978 
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MICROPROCESSOR PERIPHERAL DATA SHEETS 


HS-3374RH Radiation Hardened 8-Bit Bidirectional CMOS/TTL Level Converter..............00cceeee 
HS-54C138RH Radiation Hardened 3-Line to 8-Line Decoder/Demultiplexer .......... 2c eee ee eee eee 


HS-81C55RH, Radiation Hardened 256 x 8 CMOS RAM 
HS-81C56RH 


eoeeeeveeree eee vees es eeeee sees see vew eee see we we wm eee 


HS-82CO08RH Radiation Hardened 8-Bit Bus Transceiver. ........ 0... ccc cc cw ce ee ee cee eee eee ee eens 
HS-82C12RH Radiation Hardened 8-Bit Input/Output Port....... 0... ccc ec ee ee ccc eee een eeeee 


HS-82C37ARH Radiation Hardened CMOS High Perform 


ance Programmable DMA Controller ............. 


HS-82C54RH — Radiation Hardened CMOS Programmable Interval Timer.............0. cece eee cece eens 
HS-82C55ARH Radiation Hardened CMOS Programmable Peripheral Interface............... 00 eee eee 
HS-82C85RH Radiation Hardened CMOS Static Clock Controller/Generator .......... 00.0 cece ee ee eee 


HS-83C55RH Radiation Hardened 16K Bit CMOS ROM 


PROCESSOR 
PERIPHERALS 


a FIARRIS 


SEMICONDUCTOR 


HS-3374RH 


Radiation Hardened 


December 1992 = 8-Bit Bidirectional CMOS/TTL Level Converter 
Features Pinout 
e Radiation Hardened EPI-CMOS | | INTERNAL PACKAGE CODE HSX 
_ 5 CASE OUTLINE D7, CONFIGURATION 3 
Total Dose 1 x 10° RAD(Si) TOR MIEW 


- Latch-Up Immune > 1 x 10'2 RAD(Si)/s* 


e Low Propagation Delay Time 

+ Typical CMOS to TTL Pre-Rad 40ns 
- Typical CMOS to TTL Post 100K RADs 40ns 
- Typical TTL to CMOS Pre-Rad 50ns 
- Typical TTL to CMOS Post 100K RADs 50ns 


CMOS TTL 
e Low Standby Power NEST Oere ela! 
¢ +10V CMOS and +5V TTL Power Supply Inputs 
e Eight Non-inverting Three-State Input/Output Channels 
» No External TTL Input Pull-Up Resistors Required | ENABLE [19] 13] DISABLE 


High TTL Sink Current 
Equivalent to Sandia SA2996 
¢ Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-3374RH is a radiation hardened 8-bit 
bidirectional level converter designed to interface CMOS 
logic levels with TTL logic levels in radiation hardened bus 
oriented systems. The HS-3374RH is fabricated using a 
radiation hardened EPI-CMOS process and features eight 
parallel bidirectional buffer/level converters. 


Two control inputs, ENABLE and DISABLE, are used to 
determine the direction of data flow, and to set both the in 
puts and outputs in the high impedance state. The control. 
inputs may be driven by either TTL or CMOS logic drivers 
capable of sinking one standard TTL load. 


oo 

The HS-3374RH is a non-inverting version of the indus- o z 
try standard CD40116. The non-inverting outputs of the y & 
HS-3374RH reduce PC board chip count by eliminating 5) r 
the need to restore data back to a non-inverted format. oO Fa 
| o Wu 

=. 0. 


* For operation at 10V and transient levels above 1 x 10'° Rad(Si)/s, 
please refer to Application Note 401. 


_ CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3038 
Copyright © Harris Corporation 1992 11-3 


Specifications HS-3374RH 


Absolute Maximum Ratings | 


Reliability Information 


Supply Voltage’... cesses seed neds vad thee ae eva. oe +11.0V Thermal Resistance Gia 66 

- VO Voltage Applied........0......008, GND-0.3V to VDD+0.3V Ceramic Dip Package ............... 74.8°C/IW 123°C/W 
Storage Temperature Range .............08. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 
Junction Temperature... .... ccc eee eee ees Paeetex +175°C = Ceramic Dip Package ........... cece eee eee c eee n eens 67W 
Lead Temperature (Soldering 10s)........ Sansa ie bb hans +300°C os 
ESD Classification «024070 Stieneesiasanatne teers scet Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is‘not implied. 


Operating Conditions © 


Operating Voltage Range VDD............. +9.5V to +10.5V = Input Low Voltage (CMOS) 2S cstontiivean seb ocens GND to 1V 
tag be VOCs vatsa yess +4.75V to +5.25V ‘Input High Voltage (CMOS).............0000. VDD-1.0V to VDD 
Operating Temperature Range................ -55°C to +125°C — Input Low Voltage (TTL) .......... lsd nib taate Grete ate nteeaiee 0.8V 
Input Voltage Range . Input High Voltage (TTL).............. dese oeaeaecel as 2.8V 
Data Inputs (CMOS).............e.008- GND-0.3 to VDD+0.3 . : 
Data Inputs (TTL) .............65. eed GND-0.3 to VCC+0.3 © 
Enable, Disable Inputs ...... oor rer re GND-0.3 to VDD+0.3 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| | LIMITS — 
| GROUP A 
PARAMETERS SYMBOL - CONDITIONS. SUBGROUPS | TEMPERATURE.| MIN | MAX | UNITS 


ENABLE AND DISABLE IINPUTS 


Input Leakage Current IIH CMOS | VDD = 10.5V, VCC = 5.25V, -55°C, +25°C, pA 
VIN = 10.5V, Floating Outputs +125°C 
TTL INPUT TO CMOS OUTPUTS os 
Input Leakage Current -55°C, +25°C, pA 
+125°C 


VDD = 10.5V, VCC = 5.25V, 
VIN = 2.8V, other Inputs =.0.8V . 


IILtiH | VDD = 10.5V, VCC = 5.25V, 1,2,3 
VIN = 0.8V, Other Inputs at 2.8V 
-55°C, +25°C, 
+125°C 


-55°C, +25°C, 


VDD = 9.5V, VCC = 4.75V, 
VIH = 2.8V, VIL = 0.8V, 
IOH = -2.0mA: 


VDD = 10.5V, VCC = 5.25V, 
VIH = 2.8V, VIL 0.8V, 
IOL = 2.0mA 


High Level Output 


Voltage +125°C 


Low level output - -55°C, +25°C, 


Voltage ~ 


CMOS to TTL OUTPUTS - 


High Level Output 
Voltage 


VDD = 9.5, VCC = 4.75V, -55°C, +25°C, 
VIH = 8.5V, VIL = 1.0V, 


IOH = -2.0mA 


VDD = 10.5V, VCC = 5.25V, 
VIH = 4.5V, VIL = 1.0V, 
lIOL = 11mA 


VDD = 10.5V, VCC = 5.25V; 
VIN = OV, All other pins high 


‘VDD = 10.5V, VCC = 5.25V, 
VIN = 2.8V, All other pins at 
GND 


CMOS: . 
1.) VDD = 10.5V, VCC = 5.25V 
2.) VDD = 9.5V, VCC = 4.75V, 
VIH = VDD-1V, VIL = 1V 

TTL: 

1.) VDD = 10.5V, VCC = 5.25V 
2.) VDD = 9.5V, VCC = 4.75V, 
VIH = 2.8V, VIL = 0.8V - 


lOZL 
lOZH 


Low Level Output 
Voltage 


Output Leakage 


Current +125°C 


Functional Tests 55°C, +25°C, 


+125°C 
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TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


GROUP A 
SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


SIDD1 VDD = 10.5V, VCC = 5.25V, 
EN = 2.8V, DISABLE = 2.8V, 
Floating Outputs 


VDD = 10.5V, VCC = 5.25V, EN 
= OV, DISABLE = 2.8V, Floating 
Outputs 


VDD = 10.5, VCC = 5.25V, 
EN = OV, DISABLE = 2.8V, 
Floating Output, Measure VCC 


pin 
LIMITS 
ae oa 
PARAMETERS SYMBOL GROUPS TEMPERATURE | MIN | MAX | UNITS 
-55°C, +25°C, +125°C 4 


Propagation Delay Times CMOS/TTL TPHLCT : 
Data In to Data Out . . 
Propagation Delay Times CMOS Data TPLHCT -55°C, +25°C, +125°C | 
In to Data Out 
| Propagation Delay Times CMOS/TTL TPHLTC -55°C, +25°C, +125°C 
Data In to Data Out a 
-55°C, +25°C, +125°C 


PARAMETERS 


Static Current 1 


Static Currant 2 


Static Current 


oO 


8 


7 


=) 


Propagation Delay Time TTL/CMOS TPLHTC 
Data In to Data Out 

Transition Time CMOS/TTL TTHLCT 9, 10, 11 -55°C, +25°C, +125°C 
Input/Output 

Transition Time CMOS/TTL TTLHCT 9,10,11 © -55°C, +25°C, +125°C 
Input/Output 


oO 


jo) 
= 
rz 
ot 
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S) 
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Transition Time CMOS/TTL TTHLTC 9, 10,-11 -55°C, +25°C, +125°C 
Input/Output 

Transition Time CMOS/TTL /  TTLHTC 9, 10,-11 -55°C, +25°C, +125°C 
Input/Output . i 

Propagation Delay Time TTL/CMOS TPHZTC 9, 10, 11 -55°C, +25°C, +125°C 
Enable to CMOS Out . | 

Propagation Delay Time TTL/CMOS TPZHTG -55°C, +25°C, +125°C 
Enable to CMOS Out 

Propagation Delay Time TTVCMOS TPLZTC -55°C, +25°C, +125°C 
Enable to CMOS Out 4,3 . 

Propagation Delay Time TTL/CMOS TPZLTC 9, 10, 11 -55°C, +25°C, +125°C 
Enable to CMOS Out 

Propagation Delay Tima CMOS/TTL TPHZCT — 9, 10, 11 -55°C, +25°C, +125°C 
Disablo to TTL Out 

Propagation Delay Time CMOS/TTL TPZHCT 9, 10, 11 -55°C, +25°C, +125°C 
Disable to TTL Out 

Propagation Delay Time CMOS/TTL TPLZCT 9, 10, 11 -55°C, +25°C, +125°C 
Disable to TTL Out 

Propagation Delay Time CMOS/TTL TPZLCT 9, 10, 11 -55°C, +25°C, +125°C 
Disable to TTL Out 


NOTE: Timings are measured with the following conditions: CL = 100pF, VDD = 9.5V, VCC = 4.75V, VIH = 8.5V (2.8V), VIL = 1.0V (0.8V). 
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Specifications HS-3374RH 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS | 


| x : LIMITS 
|. PARAMETERS —| SYMBOL ‘CONDITIONS | TEMPERATURE | MIN | MAX 
* | Input, Output Capacitance CMOS . | VDD = Open, f = 1MHz, All Measure- +25°C pF 
- ClO ments Referenced to Device Ground 

Input Capacitance | _ CIN ~— | VDD = Open, f = 1MHz, All Measure- +25°C 15 pF | 
| | ments Referenced to Device Ground |: _ 

Input, Output Capcitance TTL VDD = Open, f = 1MHz, All Measure- +25°C 17 pF 

CVO . | ments Referenced to Device Ground o 


NOTE: The parameters listed In Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics. 


‘TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


> _ TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


[raraweven _[_svweor[_peutacars 
[Satsourentt ——~Ysoorf 
[Satoourent2 «tse A 
00% 
i 
[oa 


+50pA 
Low Output Leakage Current IOZL 
High Output Leakage Ourent [10H | WA 


TABLE 6. APPLICABLE SUBGROUPS 


[ conFoRWANGE GROUPS | _wETHOD [SUBGROUPS 
a 
Sanpioest0" 

1,7 


Sempi004 | 1.2.57, 0A, 08,0,10,11 ] 
Group Oi Ss 


Groupe Subgroup? | Sanplen500 
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HS-3374RH 


Functional Block Diagram 


VOD yvcc 


2 (3, 4, 5, 6, 7, 8, 9) 
Ai CMOS 
INPUT (OUTPUT) 


GND 


GND 


1 OF 8 IDENTICAL CIRCUITS 


INPUT (OUTPUT) OUTPUT (INPUT) 


TERMINAL TERMINAL 
DATA NUMBER DATA NUMBER 


VDD 


DISABLE LEVEL i 
a SHIFTER D 


mi 


LEVEL 
SHIFTER 


GND 


NOTES: 
1. Enable and disable are TTL type inputs 
2. D and E outputs are common to all 8 channels 


TRUTH TABLE 


ee 
ee es 
es ee 


0=LowLevel 1=HighLevel X= Don't Care 
Z = High Impedance on Both CMOS and TTL sides. 


NOTE: An important caveat that is applicable to CMOS devices in 
general is that unused inputs should never be left floating. This rule 
applies to inputs connected to a three-state bus. The need for 
external pull-up resistors during three-state bus conditions is 
eliminated by the presence of regenerative latches on the following 
HS-3374RH pins: AO - 7. 


The functional block diagram depicts one of these pins with the 
regenerative latch. When the CMOS driver assumes the high 
impedance state, the latch holds the bus in whatever logic state 
(high or low) it was before the three-state condition. A transient 
drive current of +1.5mA at VDD/2 +0.5V for 10ns is required to 
switch the latch. Thus, CMOS device inputs connected to the bus 
are not allowed to float during three-state conditions. 


* WARNING: Do not activate the Disable input by hardwiring to any 
TTL input pins. This is an incorrect mode of operation. 
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uPROCESSOR 
PERIPHERALS 


HS-3374RH 


Burn-In Circuits 


vcc 


al 
ma | Le | 


ik 


N/C 
N/C 
N/C 
N/C 
N/C 


J 


ite 


STATIC CONFIGURATIONS 
NOTES: 


Minimum Temperature +125°C 

VCC = 5.0V +10% 

VDD = 10.0V + 10% 

All Resistors R1 = 10K 1/4 watt — 

Static Sensitive: All Voltages Must be Ramped 
ICC = 100nA 

IDD = 1mA 


FA vcc 


VDD ¢ 


8 


R2 


ALL 


FO 


REE 


N/C 


DYNAMIC CONFIGURATION 
NOTES: 

VDD = 10.0+ 5% 

VCC =5V+10% 

Ri = 10K, R2 = 2.5K 


Fo L__SIr LL. FO + F1 are 10V Peak to Peak 
F1 = 100KHz 50% Duty cycle 


FLSA Le Fo = F1 = 50KHz 50% Duty Cycle 
Ai_S LJ’ LJ F1is5V Peak to Peak 


Irradiation Circuit 


Vpp = 10.0V 


ea 


STSCI | 


a 


FA iT ae 


; 


Radiation Screening Procedure 
1. Arandom sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 


2. The sample die shall be assembled and tested for functional- 
ity, in a ceramic dip. 


3. The sample devices shall be subjected to a Total Dose Radi- 
ation level of 1 x 10° Ras(Si) +10% from a Gammacell 220 
cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPLY = +5V. The 
dose rate shall be between 50 rads/sec and 300 rads/sec. 

4. The Irradiation Bias circuit is shown to the left. 


5. The sample devices shall be started into test within 1 hour of 
irradiation and have completed test within 2 hours of irradia- 
tion: The wafers are accepted only if the sample, exclusive of 
non-radiation failures, meets all electrical specifications at 
room temperature. 

6. Radiation screening to a higher total dose is available. Cus- 
tomers should contact their closest Harris Representative for 
details. 


Radiation Effects 


The HS-3374RH has been designed to survive in a radiation 
environment and to meet the electrical characteristics. Latching 
up free operation is achieved by the use of epitaxial starting 
material. Improved total dose hardness is obtained when special 
low temperature processing cycles. On a production basis, 
Harris performs screens for total dose hardness to a level of 1 x 
10° Rad(Si). Transient radiation tests have shown the following 
results: 


e Latch-up free to doses 2 1 x 10’ rads/sec* 


* For operation at 10 volts and transient levels above 1 x 10'° Rad(Si)/s 
please refer to Application Note 401. 
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HS-3374RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-in - Method 1015, Condition B; 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO-T1) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-In Delta Calculation (TO-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroup 3, 8B, 11; Method 5005; — 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroups 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 
. These steps are optional, and should be listed on the purchase order if required. 


2 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 
Test Variables Data 


uPROCESSOR 
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HS-3374RH 


Metallization Topology 


DIE DIMENSIONS: 
89.4 x 76.0 x 14+ Imils 


METALLIZATION: 
Type: AlSi 
Thickness: 8kA + 1kA 


GLASSIVATION: 
Type: SiO2 
Thickness: 11kA + 2kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout 
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11-10 


(20) B1 


(19) B2 


(18) B3 


(17) B4 


(16) BS 


(15) B6 


(14) B7 


ta} FAARRIS 


SEMICONDUCTOR 


HS-54C138RH 


Radiation Hardened 


Cucenibee ieee 3-Line to 8-Line Decoder/Demultiplexer 
Features | | Pinouts  — 
¢ Radiation Hardened EPI-CMOS | 16 PIN DIP ; 
5 CASE OUTLINE D2, CONFIGURATION 3 
- Total Dose 1 x 10° RAD(Si) TOP VIEW 


- Latch-Up Immune > 1 x 10'2 RAD(Si)/s 
Multiple Input Enable for Easy Expansion: 


Single Power Supply +5V 
Outputs Active Low 
e Low Standby Power (0.5mW Max at +5V) 
e¢ High Noise Immunity 
¢ Equivalent to Sandia SA2995 
e Bus Compatible with Harris Rad-Hard 80C85RH 
¢ Full Military Temperature Range -55°C to +125°C 


Description 

16 PIN FLATPACK 
The Harris HS-54C138RH is a radiation hardened 3 to 8 |. INTERNAL PACKAGE CODE HUV 
decoder fabricated using a radiation hardened EPI-CMOS | | TOP VIEW 


process. It features low power consumption, high noise 
immunity, and high speed. Also featured are pin and function 


compatibility with the 54LS138 industry standard part. The 2s os ie 
HS-54C138RH is ideally suited for high speed memory chip 2 . ay 
select address decoding. It is intended for use with the a : i 
Harris HS-80C85RH radiation hardened microprocessor, but G2A 4 Y2 
it can also be utilized as a demultiplexer in any low power G2B 5 Y3 
rad-hard application. G1 6 Y4 
‘The HS-54C138RH contains a one of eight binary decoder.}. ? e - 
A three bit binary input is used to select and activate each of GND 8 -Y6 


the eight outputs, provided the three chip enable inputs are 
also present (see truth table). 


The HS-54C138RH has an on-chip enable gate. The active 


high (G1) and both active low (G2A, G2B) inputs are Anded 3 7 
together to provide a single enable input to the device. The ” a 
use of both active high and active low inputs minimizes the MH tT 
need for external gates when expanding a system. | ~ 
co 
oO. Wi 
30 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3037 
Copyright © Harris Corporation 1992 41-11 


- Absolute Maximum Ratings 


SUDpIY: VOIAGG:..c.s0% serene NS a teers Ete eee ets +7.0V 
_ VO Voltage Applied....... eee eee ee GND -.3V to VDD +.3V 
Storage Temperature Range .........00..000 -65°C to +150°C 
Junction Temperature........ ei ewad se wacudelds wees F175°C 
Lead Temperature (Soldering 10s)............eceeeees +300°C 
ESD: Classilication. .ss-e00cs eS 2 Gtewedaaaya ewer asin Class 1 


_ Specifications HS-54C138RH 


Reliability Information 


Thermal Resistance Gia 6. 
Ceramic DIP Package............... 74.5°CWW 12°C. 
Flatpack Package ...........-.2+05- 63.3°C/W 11°C/W 

Maximum Package Power Dissipation at+125°C => , 
Ceramic DIP Package.........:..... ee et eee 670mW 
Flaipack PaCKa ge? asc: acs cee'd wewaeials os 578s woe hae 700mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 
Operating Voltage Range.............eeeees +4.75V to +5.25V 


Operating Temperature Range. ..... pears eae -55°C to +125°C © 


Input Low Voltage ........-.-seeeceeeees Ee eee OV to 1.0V 
Input High Voltage......... eeeeeeeeeeese+++¥DD-1,0V to VDD 


. TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETERS ~ 


VDD = 5.25V, VIN = GND 


Static Current | 
Functional Tests 


VDD = 5.25V and 4.75V, 


NOTE: All devices are guaranteed at worst case limits and conditions. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Low to high level input, Low to TPLH11 
high level output 


9, 10, 11 


. High to low level input,.Low to TPLH12 
high level output 
High to low level input, high to TPHL12 9, 10, 11 
low level output 


ENABLE TO OUTPUT PROPAGATION DELAY TIME 


| Low to high level input, High to TPHL11 
low level output 


‘| Low to high levet input, High to 
low level output 


LIMIT: 
GROUP A 
| SYMBOL CONDITIONS | SUBGROUPS | TEMPERATURE | MIN 
Input Leakage Current VDD = 5.25V, VIN = OV, 
High . Pin Under‘Test = VDD | . 
Input Leakage Current | VDD = 5.25V, VIN = 5.25V, 
Low , Pin Under Test = OV 


“IH 
HL 
High Level Output VOH VDD = 4.75V, IIN =-2mA 
Voltage 
Low Level Output VOL VDD = 5.25V, IIN = 2mA 1,2,3 
Voltage a ous | 


VIH = VDD - 1.0V, VIL = 1.0V — 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, . 
+125°C 


-55°C, +25°C, 
+125°C. 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


7, 8A, 8B 
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HS-54C0138RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


| LIMITS 
GROUP A SUB- 
PARAMETERS SYMBOL GROUPS TEMPERATURE ae UNITS 


High to low level input, High to TPHL22 9,10, 11 -55°C, +25°C, +125°C 
low level output 


NOTE: Output timings are measured with a capacitive load, CL = 100pF, VIH = 3.75V, and VIL = 1.0V.: 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS SYMBOL | CONDITIONS TEMPERATURE | MIN | MAX | UNITS 
Input Capacitance CIN VDD = Open, f = 1MHz, All Measure- +25°C pF 
ments Referenced to Device Ground 
Output Capcitance-. COUT VDD = Open, f = 1MHz, All Measure- +25°C 10 pF 
ments Referenced to Device Ground 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are characterized upon initial design release and upon design changes which would affect these characteristics. - 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table.2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


En 
[owinputtosage cured |__| sma 
hinpatteatage Curent | __ww | ___-s0mnA__—d 
ak Saat 
[vor 


Low Level Output Voltage 
High Level Output Voltage 


TABLE 6. APPLICABLE SUBGROUPS . 


sop aero [ie rene | | 


11-13 


High to low level input, Low to TPLH22 9, 10, 11 -55°C, +25°C, +125°C | 
high level output 


uPROCESSOR 
PERIPHERALS 


HS-54C138RH 


Burn-In Circuits 


| 
ao 


i 


. STATIC CONFIGURATIONS. 


NOTES: 


Minimum Temperature = +125°C, VDD = =10V+ 5% 
All Resistors 10KQ, 1/4W 


Irradiation Circuit 


» VDD = 5V 

1 | 
Eg We 
ee 

4 NIC 
7 m 
ee i 

Gi N/C 

Nc 

8 | - NIC 


NOTES: 


VDD = 5.0V + 0.5V 
Group E Testing Performed in Ceramic DIP 
Group E Sample Size is 2 die/wafer 


VDD: 


VDD 


tint 


iF 


VS 


DYNAMIC CONFIGURATION 
NOTES: 
‘VDD = 10.0V + 5% 
VS =5V +t 10% 


Ts Min = +125°C 


All resistors are 10KQ + 10%, 1/4W 
FO = 1MHz, 50% Duty Cycle 
F1 = FO0/2, F2 = F1/2 


Radiation Screening Procedure 


1. 


2. 


A random sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 

The sample die shall be assembled and tested for functional- 
ity, in a ceramic dip. 


. The sample devices shall be subjected to a Total Dose Radi- 


ation level of 1 x 105 Ras(Si) +10% from a Gammacell 220 
cobalt 60 source or equivalent. The devices will be powered 


‘in the configuration illustrated with VSUPPLY = +5V. The 


dose rate shall be between 50 rads/sec and 300 rads/sec. 


. The Irradiation Bias circuit is shown to the left. 
. The sample devices shall be started into test within 1 hour of 


irradiation and have completed test within 2 hours of irradia- 


_ tion. The wafers are accepted only if the sample, exclusive of 


non-radiation failures, meets all electrical specifications at 
room temperature. 


. Radiation screening to a higher total dose is available. Cus- 


tomers should contact their closest Harris Representative for 
details. 


Radiation Effects 


The HS-54C138RH has been designed to survive in a radia- 
tion environment and to meet the electrical characteristics. 
Latching up free operation is achieved by the use of epitaxial 
Starting material. Improved total dose hardness is obtained 
when special low temperature processing cycles. On a pro- 
duction basis, Harris performs screens for total dose hard- 
ness to a level of 1 x 10° Rad(Si). Transient radiation tests 


have shown the following results: 


e Latch-up free to doses 2 1 x 10! rads/sec. 
e Upset (loss of stored data) 2 1 x 10° rads/sec. 
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HS-54C138RH 


Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 

Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-In - Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-In Delta Calculation (TO-T1) | 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-in, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Paragraph 3.5.1.1 


Burn-In Delta Calculation (TO-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11; Method 5005; 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 

2. These steps are optional, and should be listed on the purchase order if required. 

3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
‘legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 


X-Ray Report and Film 
Test Variables Data 
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PERIPHERALS 


HS-54C138RH 


Metallization Topology 


DIE DIMENSIONS: | 
76 x 63 x 14+ 1mils 


METALLIZATION: 
Type: AlSi 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Type: Si02 
Thickness: 8kA + 1kA 
DIE ATTACH: | 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout — 


HS-54C138RH 


a 
=z 
© 
S 


Y4 (11) 


Y3 (12) 


Y2 (13) 


Y1 (14) 
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HS-54C138RH 


- Typical applications include systems which require multiple 
input/output ports and memories. When the HS-54C138RH 
is enabled one of the eight outputs will go low. This output 
can be used to select a particular device or a group of 
devices. The HS-54C138RH can also be cascaded to 
provide an enabling scheme for larger systems and allow 
one decoder to control eight other decoders as in Figure 1. 


SELECT B 


TO OTHER 
DEVICES 


HS-54C138RH 
Y6 Y5 Y4 Y3 Y2 Y1 YO 


HS-54C138RH 
Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 


Figure 2 shows a configuration that can be used to enable 
multiple 1/O ports or memory devices. Up to 24 memory 
devices or I/O ports can be controlled using this circuit. 


For demultiplexer operation, one of the three enable inputs is 
used as the data input while the other two inputs are enable. 
The transmitted data is distributed to the proper output as 
determined by the 3-line select inputs. See Figure 3. 


SELECTA 


ENABLE 


HS-54C138RH 
Y7 Y6 YS Y4 Y3 Y2 Yi YO 


ENABLE 


HS-54C138RH 


Y7 Y6 Y5 Y4 Y3 Y2 Y1. YO 


FIGURE 1 


G1 G2B G2A 


Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO 


Y7 Y6 YS Y4 Y3 Y2 Y1 YO 


Y7 Y6 Y5 Y4 Y3 Y2 Y1 YO} 


PORT NUMBERS OR CHIP SELECTS 


FIGURE 2 


G1 G2B G2A 


SELECT 


Y7 Y6 YS Y4 Y3 Y2 Y1 YO 


FIGURE 3 
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uPROCESSOR 
PERIPHERALS 


muanRis _—S_—sHS-8 1C55RH 
— | HS-81C56RH 


Radiation Hardened 


December 1992 | | | | 256 x 8 CMOS RAM 
Features Pinouts 
¢ Radiation Hardened EPI-CMOS 40 PIN CERAMIC DIP 


CASE OUTLINE D5, CONFIGURATION 3 
TOP VIEW 


- Parametrics Guaranteed 1 x 10° RAD(Si) 
- Transient Upset > 1 x 10® RAD(Si)/s 
- Latch-Up Free > 1 x 10'2 RAD(SI)/s 


Electrically Equivalent to Sandia SA 3001 
¢ Pin Compatible with Intel 8155/56 TIMER IN [3 
¢ Bus Compatible with HS-80C85RH 
e Single 5V Power Supply 

e Low Standby Current 200A Max 
¢ Low Operating Current 2mA/MHz CE or CE* 
¢ Completely Static Design RD 
e Internal Address patches *81C55RH = GE 
¢ Two Programmable 8-Bit /O Ports 81C56RH = CE 
e One Programmable 6-Bit /O Port 

¢ Programmable 14-Bit Binary Counter/Timer 

e Multiplexed Address and Data Bus 

¢ Self Aligned Junction Isolated (SAJI) Process 

¢ Military Temperature Range -55°C to +125°C 


Description 


The HS-81C55/56RH are radiation hardened RAM and I/O chips 
fabricated using the Harris radiation hardened Self-Aligned Junction 


Isolated (SAuJI) silicon gate technology. Latch-up free operation is 42 PIN FLATPACK 
achieved by the use of epitaxial starting material to eliminate the INTERNAL PACKAGE CODE HWN 
parasitic SCR effect seen in conventional bulk CMOS devices. TOP VIEW 
The HS-81C55/56RH is intended for use with the HS-80C85RH 
radiation hardened microprocessor system. The RAM portion is PC3 Res 1 
designed as 2048 static cells organized as 256 x 8. A maximum post PC4 2 
irradiation access time of 500ns allows the HS-81C55/56RH to be TIMER IN 3 
used with the HS-80C85RH CPU without any wait states. The HS- RESET = 4 
81C55RH requires an active low chip enable while the HS-81C56RH Pcs = 5 
requires an active high chip enable. These chips are designed for | TiMEROUT 6 
operation utilizing a single 5V power supply. lo/M = 7 
; ; CE OR CE = 8 
Functional Diagram RD = 
WR = 
lo/M PORT A ALE = 
ADO - AD7 PAO nt ADO = 
eee PORT B ae 
AD2 = 
ina (8) PBO - PB7 | apa 
~ No 
WR PORT C 
AD4 = 
RESET [c] PCO+ PCS | ADS = 
TIMER CLK VDD (10V) . AD6 
eS ae AD7 =: 
TIMER OUT GND canes 
*81C55RH = CE 
81C56RH = CE GND REA 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3039 
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PAO - PAT (8) 
PBO - PB7 (8) 


PCO - PC7 (8) 


TIMER IN 
TIMER OUT 


Pin Description 
SYMBOL | TYPE | NAME AND FUNCTION 
RESET Reset: Pulse provided by the HS-80C85RH to initialize the system (connect to HS-80C85RH RESET 
OUT). Input high on this line resets the chip and initializes the three I/O ports to input mode. The width 
of RESET pulse should typically be two HS-80C85RH clock cycle times. 
ADO - AD7 VO Address/Data: Tri-state Address/Data lines that interface with the CPU lower 8-bit Address/Data Bus. 
edge of ALE. The address can be either for the memory section or the I/O section depending on the 1O/ 
M input. The 8-bit data is either written into the chip or read from the chip, depending on the WR or RD 
input signal. a 
CE or CE Chip Enable: On the HS-81C55RAH, this pin is CE and is ACTIVE LOW. On the HS-81C56RH, this pin 
is CE and is ACTIVE HIGH. 
Read Control: Input low on this line with the Chip Enable active enables and ADO - AD7 buffers. If |O/ 
M pin is low, the RAM content will be read out to the AD bus. Otherwise the content of the selected Te) 
port or command/status registers will be read to the AD bus. 
Write Control: Input low on this line with the Chip Enable active causes the data on the Address/Data 
bus to be written to the RAM or I/O ports and command/status register, depending on lO/M. 
VO Memory: Selects memory if low and I/O and command/status registers if high. 
Port A: These 8 pins are general purpose I/O ae The in/out direction is selected by programming the 
command register. 
Port B: These 8 pins are general purpose 1/O pins. The in/out direction is selected by programming the 
command register. 
Port C: These 6 pins can function as either input port, output port, or as control signals for PA and PB. 
Programming is done through the command register. When PCO - PC5 are used as control signals, ne 
will provide the following: 
PCO - AINTR (Port A Interrupt) 
PC2 - ASTB (Port A Strobe) 
PC3 - B.INTR (Port B Interrupt) 
PC4 - B BF (Port B Buffer Full) 
PC5 - B STB (Port B Strobe) . 
Timer Input: Input to the counter-timer. 
Timer Output: This output can be either a square wave or a pulse, depending on the timer mode. 
Voitage: +5V. 


The 8-bit address is latched into the address latch inside the HS-81C55 and HS-81C56RH on the falling 
Address Latch Enable: This control signal latches both the address on the ADO - AD7 lines and the 
state of the Chip Enable and |O/M into the chip at the falling edge of ALE. 

PC1 - ABF (Port A Buffer Full) 

Ground: Ground reference. : 
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uPROCESSOR 


PERIPHERALS 


Specifications HS-81C55RH, HS-81C5G6RH 


Absolute Maximum Ratings 
Supply Voltage ...... ese e eee eee eee isieu dares aqrers Neate +7.0V 


Reliability Information 
Thermal Resistance 


0. | m 
Input, Output or I/O Voltage ....... ..... GND-0.3V to VDD+0.3V Braze Seal DIP Package............ - 25.8°C/W 9.9°C/W 
Storage Temperature Range ............. yee. 65°C to +150°C Braze Seal Flatpack Package ......... 36.1°C/W  9.9°C/W 
Junction Temperature...... eee er +175°C | Maximum Package Power Dissipation at +125°C 
‘Lead Temperature (Soldering 10s)...............000-- +300°C Braze Seal DIP Package... ....... 0. ccc were cree eens 1.94W 
Typical Derating Factor............ 2mA/MHz Increase in IDDOP Braze Seal Flatpack Package ..... Sess Hast. ees ard .-1.39W 
_ESD Classification ...... S ehiae eeaiouats Sug oaeea eoss@lase t,o -% : : 


CAUTION: Stresses above those listed:in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of.the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range..... Stee ages +4.75V to +5.25V Input Low Voltage .......c..ecceeeeeeeccceeeeees OV to +0.8V 
Operating Temperature Range............. ... 55°C to +125°C 


VDD. = 5.25V, VIN = OV, 
Pin under test = VDD 


VDD = 5.25V, VIN = 5.25V, 
Pin.under test = OV 


-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C tz 
. -55°C, +25°C, 
+125°C 
-55°C, +25°C, 
+125°C 
-55°C, +25°C, 
-  +125°C 
-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
-  +425°C 


VDD = 4.75V and 5.25V, 
VIH = VDD-0.5V, VIL = 0.8V 


-NOTE: All devices are guaranteed at worst case limits and over radiation. Dynamic current is proportional to. operating frequency (2mA/MHz). 


‘TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


-. * LIMITS. 


| | | “GROUPA |. — oe 
PARAMETERS — ___.| SYMBOL | CONDITIONS | SUBGROUPS| TEMPERATURE 


Latch to READMWRITE Control “55°C <T,<+125°C | 200 
Valid Data Out From Read Control | TRD — |\Notes 1, 4 55°C<T,<+125°C | - | 
55°C STs +125°C | - | 


-55°C < Ty S$ +125°C 


| -55°C < Ty $ +125°C am 


Address Stable to Data Out Valid Notes 1, 4 | 910,11 | 


co 
[RarsstaorSeup Tine | Ta [ows | tare [asostassios0| 00 | 
a . eo 
ne 
700 
= 
“ro0 


Address Hold Time After Latch Notes 1, 4 9, 10, 11 -55°C < Ty $ +125°C 
Notes 1, 4 


READ/WRITE Control to Latch 
Enable 


raoctasvare| a0 
‘Data In Hold Time After WRITE 910,11 | -55°C<T,<+125°C | 25 | 
ware wroroune | we uomer.a | von [arernsaro] —— 


Notes 1, 4,7 


TAL 
TLA 
TLC 
TRD 
TAD 
TLL 
TCL 
TCC 
‘TDW 


a N 
oO Oo 
oO i>) 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


LIMITS 
GROUP A 
PARAMETERS SYMBOL | CONDITIONS 
T 
T 


SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
Port Input Setup Time . Notes 1, 4 


| TPR 
Port Input Hold Time Notes 1, 4 
910,11 | -55°C<T,<+125°C | 100 | 
910,11 | -B5°C-S Ts +125°C | 100 | 
910,11 | -seCsTas+i26°C | - | 300 
ize 
is 
Eee 
ey 


Strobe to Buffer Full TSBF 


P 

R 

Notes 1, 4 

Strobe Width TS Notes 1, 4 
TS 


READ to Buffer Empty Notes 1, 4 
Strobe to INTR Off | Ts | Notes 1, 4 
READ to INTR Off Notes 1, 4 
Port Setup Time to Strobe Notes 1, 4, 5 
Post Hold Time After Strobe Notes 1, 4 
Strobe to Buffer Empty Notes 1, 4 
WRITE to Buffer full TWBF Notes 1, 4 
WRITE to INTR Off Notes 1, 4 
TIMER-IN to TIMER OUT Low Notes 1, 4 
TIMER-IN to TIMER-OUT High Notes 1, 4 
1 


Data Bus Enable from READ Control Notes 1, 4 


TIMER-IN Low Time Notes 1, 4, 6 
TIMER-IN High Time Notes 1, 4 


NOTES: 

1. All devices guaranteed at worst case limits and over radiation. 

2. Operating supply current (IDDOP) is proportional to operating frequency. 
3. Output timings are measured with purely capacitive load. 
4 


. For design purposes the limits are given as shown. For compatibility with the 80C85RH microprocessor, the AC parameters are tested 
as maximums. 


9, 10, 11 
9, 10, 11 
9, 10, 11 


. Parameter tested as part of the functional test. No read and record data available. 
. At low temperature, T1 is measured down to 10ns. If the reading is less than 10ns, the parameter will read 10ns. 


oO on 


7. Read and Record data available on failing data only. 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


”) 

o 

[wax| uns} | | 3% 

Input Capacitance CIN VDD = Open, f= 1MHz, All measurements Ta = +25°C 5) eS 

referenced to device ground | 2 = 

I/O Capacitance CiI/O VDD = Open, f = 1MHz, All measurements Ta = +25°C = . 
referenced to device ground 


=b _ 
fo) RO 
Tw wT 


Data Bus Float After TRDF VDD = 4.75V -55°C, +25°C, 
READ +125°C 
Recovery Time Between TRV +] VDD = 4.75V -55°C, +25°C, 
Controls +125°C 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters 
are Characterized upon initial design release and upon design changes which would affect these characteristics. 


| Output Capacitance COUT VDD = Open, f = 1MHz, All measurements Ta = +25°C 
referenced to device ground 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


Waveforms 


READ 


CE (81C55RH) 
OR 
CE (81C56RH) 


1O/M 


ADg7 


| High Level Output Voltage 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C). 


ee 


TABLE 6. APPLICABLE SUBGROUPS 


Group E Subgroup 2 Samples/5004 . 


x ADDRESS 5 {XI DATA VALID) 


<— tAL —>| | tLaA 
AL 


te 


tcc +—— tRV 
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Waveforms (Continued) 


WRITE 
a 
ce (resem a 
om | TEE, 
ADo.7 x ADDRESS x y: DATA VALID x 
tAL +— tLA tDW + tCL 
ALE 


STROBED INPUT 


BF 


tSBF 


STROBED EY 
iss —> 
INTR - 
RD 


+ tPss tPHS ow 
INPUT DATA = 7 Oz 
) 

ea aes x | K oo 
ox 

02 

cao 

ow 

a2. 
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HS-81 C55RH, HS-81C56RH 
Waveforms (Continued) 


STROBED OUTPUT 


BF 


STROBE 


‘wer [e- 
INTR 2. 
| ‘wi ie 


OUTPUT DATA 
TO PORT 


BASIC INPUT 
BASIC INPUT . 


INPUT 


CwvwwvawmaZzaaawaene 


ee ee eiebeecess DATA BUS 
DATA BUS | : 


TIMER OUTPUT COUNTDOWN FROM 5 TO 1 


LOAD COUNTER CLR “| RELOAD COUNTER CLR 4 2 
cl y | 


| | Peta fa do 
tF 


— VY 
ti 
dy tcYC 
TIMER OUT 
(PULSE) 
{TH 


(SQUARE WAVE) (NOTE 1) 


NOTE: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC 
RELOAD MODE (M, MODE BIT = 1) 


tTL —>| —tTH 
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Burn-ln Circuits 


40 PIN DIP 40 PIN DIP 
VDD VDD 


40) [1 40) 
ee SL Wal ee 
ea vel A aw 
i ane wey = 
foes a = we 
ice was oman = ae 
34 34] | 
Al eR = ae oe weal 
ih ee — Ew ont = as 
ut ae : = : 
cares wt a a} WW 
jae: aaa E aw 
Reva zy us ae 
' z Se 28 z ; 
ti aoa i a 
[a 2 Ww zd | 
See owl ie = ae 
ie a e 
20 24 8 ae 
on *GND FOR 81C55 *GND FOR 81C55 
< VDD FOR 81C56 = VCC FOR 81C56 
STATIC CONFIGURATION DYNAMIC CONFIGURATION 
NOTES: NOTES: 
VDD = 10V + 10% Minimum Temperature +125°C 
All resistors R1 = 100kQ unless otherwise marked: R2 = 50K All resistors 100kQ 1/4 Watt. VDD = 10V + 10%. 
Pin 8 tied through a resistor to two position switch. Pin 8 tied to two position switch. Label ground side “81C55” and 
Label ground side “81C55” and VDD side “81C56”. VDD side “81C56”. 
Period of CO=C1i =C2=T=10ps 
CO active HIGH, C1 and C2 active LOW. 
CO, C1, C2 cannot overlap each other. 
RO shail have at least 3 pulses on power up as indicated below. 
Pulses shall stop and RO shail go to OV no more than 60 seconds 
after power-up. ra ” 
gy = 
ny & 
E- 
SI iJ SIGNAL NAME FREQUENCY DUTY CYCLE . = 
~ Sok a i 
i 
3 f< - 
co ee ee 
asi 
1 
C2 4 
aes See 
rm 
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Burn-in Circuits (Continued) 


42 PIN FLATPACK =. 42 PIN FLATPACK 
HS-81C55RH | HS-81C55RH 


Pp VDD p VDD 


sna of Ben me ; 

3 40 Lt | 3 - 40 

ee 4 39 awa ce ae 4 39 

5 38 at | re 5 38 

6 37 Bye aw 6 37 
cate : a Lat | Robie he ie 
ee ste EA e —W- 6 3 

: i Lat | ele 

- myn ae maa} 

; eae aul 

12 ea) 

13 30 et | 

14 29 ce 

15 238 

17 26 

18 25 at | 

= ld 


i] 
«~ © 
NY ~w 

o 


2 2 


STATIC CONFIGURATION DYNAMIC CONFIGURATION 
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Radiation Screening Procedure 


1. 


Arandom sample of two dice per wafer is drawn from the 
wafer lot. Wafer identity is retained. | 


. The sample die shall be assembled and tested for func- 


tionality, in a ceramic dip. 


. The sample devices shall be subjected to a Total Dose 


Radiation level of 1 x 105 Ras(Si) +10% from a Gamma- 
cell 220 cobalt 60 source or equivalent. The devices will 
be powered in the configuration illustrated with VSUP- 
PLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


. The Irradiation Bias circuit is shown. . 
. The sample devices shall bestarted into test within 1 hour 


of irradiation and have completed test within 2 hours of ir- 
radiation. The wafers are accepted only if the sample, ex- 
clusive of non-radiation failures, meets all electrical 
specifications at room temperature. 


. Radiation screening to a higher total dose is available. 


Customers should contact their closest Harris Represen- 
tative for details. 


Irradiation Circuits 


HS-81C55RH 


9 VDD 
5 VDC 


1] S| 


ly 


{I 
TTT 


a 
oak 


TT | 


TEU 


i. 


Radiation Effects 


The HS-81C55RH and HS-81C56RH has been designed to 
survive in a radiation environment and to meet the electrical 
characteristics. Latching up free operation is achieved by the 
use of epitaxial starting material. Improved total dose hard- 
ness is obtained when special low temperature processing 
cycles. On a production basis, Harris performs screens for 
total dose hardness to a level:of 1 x 10° Rad(Si). Transient 
radiation tests have shown the following results: 


e Latch-up free to doses 2 1 x 10! rads/sec. 


e Upset (loss of stored data) = 1 x 108 rads/sec. 


HS-81C56RH 


o VDD =5V 


Ur : 
TTT TTT] A 


GeEt ae Goes 
nl 


| 


LL 
[| 


Ul 
HT 
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Harris - Space Level Product Flow (Note 1) | 


SEM - Traceable to Diffusion - Method 2018 ts Electrical Tests - Subgroup 1; Read and Record (T2). 
Wafer Lot Acceptance Method 5007 | | Alternate Group A - Subgroups 1, 7, 9; Method 5005; 
Internal Visual Inspection - Method 2010, Condition A Paragraph 3.5.1.1 Ce 
Gamma Radiation Assurance Tests - Method 1019 euen Rete Calcueln (T0-T2) 

Nondestructive Bond Pull - Method 2023 _PDA Calculation 3%: Subgroup 7 


| 5% Subgroups 1, 7, Delta 
Customer Pre-Cap Visual Inspection (Notes 2) Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, ad 11; Method 5005; 
Constant Acceleration - Method 2001, Condition E Min., Y1 Paragraph 3.5.1.1 | 


Particle Impact Noise Detection - Method 2020, Condition A Marking _ | 
Electrical Tests - Harris’ Option Electrical Tests - Subgroup 2; Read and Record 


Serialization Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 


Customer Source Inspection (Note 2) - 


Temperature Cycling - Method 1010, Condition C 


X-Ray Inspection - Method 2012 
Electrical Tests - Subgroup 1; Read and Record (TO) 
Static Burn-in - Method 1015, Condition B, 72 Hours, 


+125°C Minimum Group B Inspection - Method 5005 (Notes 2) . 
: End-Point Electrical Parameters: B5; Subgroups 1,.2, 3, 7, 
Electrical Tests - Subgroup 1; Read and Record (T1) 8A, 8B, 9, 10, 11 9 c 
Purnein: Delta Calculation. (10-11) Group D Inspection - Method 5005 (Notes 2, 4) 
PDA Calculation 3%: Subgroup 7 End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


5% Subgroups 1, 7, Delta 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, 
~ +125°C (Note 3) 


External Visual Inspection - Method 2009 


Data Package Generation (Note 5) 


NOTES: 
1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 
2. These steps are optional, and should be listed on the purchase order if required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3. 8. a shall not apply. 
5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data 
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Metallization ropergy 


DIE DIMENSIONS: 
76 x 63 x 14+ 1mils 


METALLIZATION: 
Type: Alsi 
Thickness: 11kA +2kA 


GLASSIVATION: 
Type: SiO02 
Thickness: 8kA + 1kA 
DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP- 460°C (Max) 


Metallization Mask Layout 


HS-81C55RH, HS-81C56RH 


(4) RESET 
(3) TIMER IN 


a DB. Pa ane 
1O/M (7) pe ’ ams." |) TRUE an! “HL! ibid by x | 
all ftinearat FRC aay = : [f. (34) PBS 
CE OR CE (8) : on aie ee wn... Jt PP sea 


Ee 


AD (9) fy \- i 
a | | a. (33) PB4 
= ve | 
WR (10) gs i 42. , f ] 7 (32) PB3 
5) a eee ty > | : os 
ALE (11) O Oo if are 
~ De eee | : 7 : - 
nee ee : | a. : : (31) PB2 
: fo = r = : 
i at Tiree eee inee re renee nae ne -. a (30) PB1 
= 0 eee oe peed whe ? ,8 a- 
se a a J m l ae rer 29) PBO 
z “6 [ Vo] 7 ‘ (29) o Yn 
i ape (28) PA7 a 
| ee ae on & 
AD1 (13) [ ia v 
} aia Oot 
AD2 (14) ; : On 
: ey } (27) PAs - aT 
. 30. 


> ene eee eee eee 
. ° - 


. 
- 
° 


. /‘n| Oo. 
& 
= = & 2 =A 8 aa a a a 
~ OQ 98 = 
= a a8 226 zz z 2 Fi 
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Functional Description 
The HS-81C55RH and 81C56RH contains the following: 
¢ 2K Bit Static RAM Organized as 256 x 8 


e Two 8-Bit I/O Ports (PA and PB) and One 6-Bit I/O Port 
(PC) 

¢ 14-Bit Timer-Counter 

‘The IO/M (l1O0/Memory Select) pin selects either the five reg- 


ister (Command, Status, PAO - PA7, PBO - PB7, PCO - PC5) 
or the memory (RAM) portion. 


The 8-bit address on the Address/Data lines, Chip Enable 
input CE or CE and IO/M are all latched on-chip at the falling 
edge of ALE. 


8-BIT INTERNAL DATA BUS 


Pa 
SSPVaeSQq se SBeSVsQ Se SsaeBVpeSVPQe Bese SQeaaeaesa 


eh he hh el th tel FPP PHRAPAATADABDAAAAA Lae 


€SBVSVeSeVQSWeSQasSesVeseeaeeuevaeas 


CE (81C55RH) 
OR 
CE (81C56RH) 


1O/M 
ADO - AD7 


ALE 


RD OR WR 
FIGURE 2. ON-BOARD ma READ/WRITE CYCLE 


Programming of the Command Register 


The command register consists of eight latches. Four bits (0- 


3) define the mode of.the ports, two bit (4-5) enable or disable — 


the interrupt from port C when it acts as control port, and the 
last two bits (6-7) are for the timer. 


The command register contents can be altered at anytime by 
using the I/O address XXXXX000 during a WRITE operation 
with the Chip Enable active and IO/M = 1. The meaning of 
each bit of the command byte is defined in Figure 3. The 
contents of the command register may never be read. 


7 6 5 4 3 2 1 ot 
rata] rat |e | 1a |pc2| pct [pe | Pa | 
el ie oe 


DEFINES 
PAO-PA7 {| 0=INPUT 
DEFINES | 1 = OUTPUT 
PBO - PB7 
00 = ALT1 
DEFINES § 11 = ALT2 
PCO-PCS { 012 ALT3 
“ 40 =ALT4 
ENABLE PORT 
A INTERRUPT 0 = INPUT 
. ENABLE PORT | 1= OUTPUT 
B INTERRUPT 


00 = NOP - DO NOT AFFECT COUNTER 
OPERATION 


01 = STOP - NOP IF TIMER HAS NOT 
STARTED; STOP COUNTING IF 
THE TIMER IS RUNNING 


10 = STOP AFTER TC - STOP IMME- 
DIATELY AFTER PRESENT TC 
IS REACHED (NOP IF TIMER 
HAS NOT STARTED) 


11 = START - LOAD MODE AND CNT 
LENGTH AND START IMMEDIATE- 
LY AFTER LOADING (IF TIMER IS 
NOT PRESENTLY RUNNING). IF 
TIMER IS RUNNING, START THE 
NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT 
TC IS REACHED. 


TIMER 
COMMAND 


FIGURE 3. COMMAND REGISTER BIT ASSIGNMENT 


Reading the Status Register 


The status register consists of seven latches, one for each 
bit six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the I/O section can be polled by 
reading the Status Register (Address XXXXX000). Status 
word format is shown in Figure 4. Note that you may never 


write to the status register since the command register 


shares the same I/O address and the command register is 
selected when a write to that address is issued. 


AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO 


\/ INTE] B_ JINTRI INTE INTR 
DX | rmer [S| oe New| oe [AS 


PORTA 
INTERRUPT 
REQUEST 
PORT A BUFFER 
FULL/EMPTY 
. (INPUT/OUTPUT) 
PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLE 


TIMER INTERRUPT (THIS BIT IS LATCHED HIGH WHEN 
TERMINAL COUNT IS REACHED, AND IS RESET TO LOW 
READING OF THE C/S REGISTER & BY HARDWARE RESET). 


FIGURE 4. STATUS REGISTER BIT ASSIGNMENT 
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Input/Output Section 


The I/O section of the HS-81C55RH and HS-81C56RH 
consists of five registers: (See Figure 5) 


¢ Command/Status Register (C/S) - Both register are 
assigned the address XXXXX000. The C/S address 
serves the dual prupose. 


When the C/S registers are selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 


When the C/S (XXXXX0Q00) is selected during a READ 
operation, the status information of the !/O ports and the 
timer becomes available on the ADO - AD7 lines. 


PA Register - This register can be programmed to be 
either input or output ports depending on the status of the 
contents of the C/S Register. also depending on the 
command, this port can operate in either the basic mode 
or the strobed mode (See timing diagram). the 1/O pins 
assigned in relation to this register are PAO - PA7. The 
address of this register is XXXXX001. 


PB Register - This register functions the same as PA 
Register. the I/O pins assigned are PBO - PB7. The 
address of this register is XXXXX010 


¢ PC Register - This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be programmed to 
be either input ports, output ports or as control signals for 
PA and PB by properly programming the AD2 and AD3 
bits of the C/S register. 


When PCO - PC5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
Interrupt that the HS-81C55RH and HS-81C56RH sends 
out. The second is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin to 
accept a strobe for the strobed input mode. (See Table 1). 


HS-81C5S5RH AND HS-81C56RH 


ONE BIT OF PORT A OR PORT B 
OUTPUT 

CLK CLR 
- | 
=) 
a 
< 
= iy 
a 
=d 
<q 
= 
Cc + 
r WRITE «warm w enn n nnn 
5 PORT *MUX (1) § 
= y o——t-J MODE (4) 

‘ (2) 3 
ee (3) 
ae y LATCH 
READ Q D 
PORT CLK 
STB 


When the ‘C’ port is programmed to either ALT3 or ALT4, the 
control signals for PA and Pb are initialized as follows: 


[—cowraor | _weuTmone | ourruT none _ 
a 
[55 | eearconter | ptcontor 


[AQ] SELECTION 
interval Command/ 
Status Register 
General Purpose /O 
PorttA 
General Purpose !/O 
Port B 


ADDRESSt 


vO 
mss [ms aTa 
PEPE 
PEPER 
PEPE 
TEE 


General Purpose I/O or 
Control Port C 


Low-Order 8 Bits of 
Timer Count 


High 6 Bits of Timer 


fed Sed bed os be 
xIxITxix] x4 1 
Count and 2 Bits of Timer 
Mode 
+ VO Address must be qualified by CE = 1(81C56RH) or CE = 


0(81C55RR) and IO/M = 1 in order to select the appropriate register. 
X = Don’t Care 


FIGURE 5. VO PORT AND TIMER ADDRESSING SCHEME 


Figure 6 shows how I/O Ports A and B are structured within 
the HS-81C55RH and HS-81C56RH. 


Note in the diagram that when the |/O ports are programmed 
to be output ports, the contents of the output ports can still 
be read by a READ operation when appropriately 
addressed. 


MULTIPLEXER 


(2) SIMPLE INPUT CONTROL 


(3) STROBED INPUT 


(4) = 1 FOR OUTPUT MODE 
= 0 FOR INPUT MODE 


(1) OUTPUT MODE 


PA/PB 
PIN 


NOTES: 

1. READ Port = (IO/M = 1)(RD = 0)(CE Active) 
(Port Address Selected) 

2. WRITE Port = (IO/M = 1)(wr = 0)(CE Active) 
(Port Address Selected) 


SVAVWVVAFVVeAV AVN eSaeaBeHeeawvgaseVaeaqasauaseaesee_oesaaee 


FIGURE 6. HS-81C55RH AND HS-81C56RH PORT FUNCTION 
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The outputs of the HS-81C55/56RH are “glitch-free” 
meaning that you can write a “1” to a bit position that was 
previously “1” and the level.at the output pin will not change. 


Note also that the output latch is cleared when the port 
enters the input mode. the output latch cannot be loaded by 
writing to the port if the port is in theinput mode. The result is 
that each time a port mode is changed from input to output, 
the output pins will go low.:. When the HS-81C55/56RH is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT1 or ALT2 modes, the bits of Port C are 
structured like the diagram above in the simple input or 
output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


Figure 7 shows how the HS-81C55/56RH.1/O ports might be 
configured in a typical system. 


Timer Section - 


The timer is a 14 bit down counter that counts the TIMER. IN 
pulses and provides either a square wave or pulse when 
terminal count (TC) is reached. ; ; , 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. (See Figure 5). 


To program the timer, the COUNT LENGTH REG is loaded 
first, one byte at a time, by selecting the timer addresses. 
Bits 0-13 of the high order count register will specify the 
length of the next count and bits 14-15 of the high order 
register will specify the timer output mode (see Figure 8). 
The value loaded into the count length register can have any 
value from 2H through 3FFH in Bits 0-13.. 


TO HS-80C85RH 


RST INPUT 
[OUTPUT PORTA ~~ 


AINTR (SIGNAL DATA RECEIVED) | 


_ ABF (SIGNALS DATA READY) 
A STB (ACKNOWL. DATA RCV’D a 
, PERIPHERAL 
B STB (LOAD PORT B LATCH) ERIPHERA 


B BF (SIGNALS BUFFER IS FULL) 


B INTR (SIGNALS BUFFER 
READY FOR READING 


oO | TOINPUT PORT | 
“INPUT, _ | (OPTIONAL) 


TO HS-80C85RH 
RSTINPUT |. 


FIGURE 7. EXAMPLE: COMMAND REGISTER = 00111001 


7 6 5 4 3 2 1 0 
lua [ws [ve [va [rs] no] 8 
sane * gueeenetiennennnemeomaaen * gueemanennmnemmael : 
TIMER MSB OF 
MODE _ CNT.LENGTH 


7 6 5 4 3 2 1 0 
| Pele eels [Tn [re 
Se 
LSB OF a i 
CNT LENGTH 
FIGURE 8. TIMER FORMAT. 


TABLE 1. PORT CONTROL ASSIGNMENT 
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ALT3 - ALT4 


A STB (Port A Strobe) 


ABF (Port A Buffer Full) ~~ | 
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There are four modes to choose from: M2 and M1 define the 
timer mode, as shown in Figure 9. 


_ TIMER OUT WAVEFORMS: 
START TERMINAL ERMINAL 
is ae COUNT COUNT E OUNT) 


0 oO 1. SINGLE SQ. 
WAVE 

0 1 £2. CONTINUOUS 
SQ. WAVE 


1 0 3. SINGLE PULSE 


ONTERM.COUNT —-—-\_/ 
1 1 4, CONTINUOUS 
PULSES UU 


FIGURE 9. TIMER MODES 


Bits 6-7 (TM2 and TM1) of command register contents are 
used to start and stop the counter. there are four commands 
to choose from: 


TM2 TMi 

0 QO NOP - Do not affect counter operation 

0 1 STOP-NOP - If timer has not started; stop 
counting if the timer is running 

1 0 STOP AFTERTC- Stop immediately after 
present TC is reached (NOP if timer has 
not started) 

1 1 START - Load mode and CNT length and 


start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length imme- 
diately after present TC is reached. 


Note that while the counter is counting, you may load a new 
count and mode into the count length registers. Before the 


new count and mode will be used by the counter, you must © 


issue a START command to the counter. This applies even 
thought you may only want to change the count and use the 
previous mode. 


In case of an odd-numbered count, the first half-cycle of the 
Squarewave output, which is high, is one count longer than 
the second (low) half-cycle, as shown in Figure 10. 


One ee 


FIGURE 10. ASYMMETRICAL SQUARE-WAVE OUTPUT RE- 
SULTING FROM COUNT OF 9 


The counter in the HS-81C55/56RH is not initialized to any 
particular mode or count when hardware RESET occurs, but 
RESET does stop the counting. Therefore, counting cannot 
begin following RESET until a START command is issued 
via the C/S register. 


Please note that the timer circuit on the HS-81C55/56RH 
chip is designed to be a square-wave timer, not.an event 
counter. To achieve this, it counts down by twos twice in 
completing one cycle. Thus, its registers do not contain 
values directly representing the number of TIMER IN pulses 
received. You cannot load an initial value of 1 into the count 
register and cause the timer to operate, as its terminal count 
value is 10 (binary) or 2 (decimal). (For the detection of 
single pulses, it is suggested that one of the hardware inter- 
rupt pins on the HS-80C85RH be used.) After the timer has 
started counting down, the values residing in the count 
registers can be used to calculate the actual number of 
TIMER IN pulses required to complete the timer cycle if 
desired. To obtain the remaining count, perform the following 
operations in order: 


1. Stop the count 

2. Read in the 16 bit value from the count length registers 
3. Reset the upper two mode bits - 
4 


. Reset the carry and rotate right one position all 16 bits 
through carry 


5. If carry is set, add 1/2 of the full original count (1/2 full 
count - 1 if full count is odd). 


NOTE: If you started with an odd count and you read the 
count length register before the third count pulse occurs, you 
will not be able to discern whether one or two counts has 
occurred. Regardless of this, the HS-81C55/56RH always 


counts out the right number of pulses in generating the 


TIMER OUT waveforms. 
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@harris § HS-82C0O8RH 


Radiation Hardened 


December 1992 ee ss &-Bit Bus Transceiver 
Features ee) Pinouts © 
e Radiation Hardened | | 20 PIN CERAMIC DIP 
; ane | | CASE OUTLINE D8, CONFIGURATION 3 
_ - Total Dose 1 x 10° RAD(SI) se ay 


- Latch-Up Immune EPI-CMOS > 1 x 10'? RAD(Si)Vs 
Bidirectional Three-State Input/Outputs 


e Low Propagation Delay Time 

° Low Power Consumption 

Single Power Supply +5V | 

¢ Electrically Equivalent to Sandia SA2997_ 

¢ Military Temperature Range -55°C to +125°C 


Description: | | 

The Harris HS-82CO8RH is a radiation-hardened octal bus . | 

transceiver with three-state outputs. It is manufactured using a 20 PIN FLATPACK 
self-aligned, junction isolated CMOS process.and is designed for CASE OUTLINE F-9A, CONFIGURATION 2 


use with the -HS-80CO8RH radiation-hardened microprocessor. TOP VIEW 


The HS-82C0O8RH allows asynchronous two-way communication 


A —_—_—j 1 ® VDD 
between data buses. The direction of data flow is determined by a Bo 
the logic level on the transmit/receive (T/R) input. A logic high on — Bt 
the T/R input specifies data flow from_Port A to Port B of the as , Be 
device. Conversely, a logic low on the T/R input specifies data flow nis " = 
from Port B to Port A. The Output Enable input disables both ports | 
by placing them in the high imped ta : | As —————4 6 B4 

y placing them in the high impedance state. 
: AC I 7 BS 
The HS-82CO8RH is ideally suited for a wide variety of buffering CS 8 BG 
applications in radiation-hardened microcomputer systems. | OE 9 B7 
: GND 10 1 TAR 
Functional Diagram | 
) PIN | DESCRIPTION ) 
System Bus Data I/O Pins 
PORT PORT Pee Active Low Output Enable 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3040 


Copyright © Harris Corporation 1992 
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Logic Diagram 


pp bur SIS 


AM 2 aD 18. Bt 
PPLE ie 
A2 3 get 17 B2 
a nae 
34 pane | 16_ Bs 
PAPE | 
Se 
A5 — 6 get 14. BS 
oe Sx oe peal Pit sae | 
un. TL ; nae Sh Po 


NOTE: An Important caveat that is applicable to CMOS devices in general is that unused inputs should never be left floating. This rule applies 
to inputs connected to a three-state bus. The need for external pull-up resistors during three-state bus conditions is eliminated by the 
presence of regenerative latches on the following HS-82CO8RH pins. AO-7 and BO-7 The functional block diagram depicts one of 
these pins with the regenerative latch. When the CMOS driver assumes the high impedance state, the latch holds the bus in whatever 
logic state (high or low) it was before the three-state condition. A transient drive current of +1.5mA at VDD/2 +0.5V for 10ns is re- 
quired to switch the latch. Thus, CMOS device inputs connected to the bus are not allowed to float during three-state conditions. 


TRUTH TABLE 


X = Don’t Care 
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Specifications HS-82CO8RH 


Absolute Maximum Ratings Reliability Information | 

Supply Voltage oho ose otis eae iin cei aaes es +7.0V Thermal Resistance Bia GO, 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............- 78°CIW 12°C. 
Storage Temperature Range ................. -65°C to+150°C | Braze Seal FP Package.............. 7O°C/W 11°C /W 
Junction Temperature. ... 1... 2. cece cee eeeeeeececees 4175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s)............. Siosimtae . +3800°C Braze Seal DIP Package... ...... ccc cece esc e eee cees 0.64W 
ESD Classification ...........ceeceeeees tea ihe Suee Class 1 Braze Seal FP Package. .........cce cee e cee eee cees 0.71W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range...............200. +4.75V to +5.25V = Input Low Voltage .......... ccc wee eee teen eee eeee OV to+1V 
Operating Temperature Range................ -55°C to+125°C = Input High Voltage... .. 0... ce eee eee eee eee VDD -1V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 
All Devices Guaranteed at Worst Case Limits and Conditions. 


HL VDD = 5.25V, VIN = VDD -55°C, +25°C, 
Pin Under Test = OV +125°C — 
| IIH VDD = 5.25V, VIN = OV -55°C, +25°C, 
. Pin Under Test = 5.25V +125°C 
High Level Output V VDD = 4.75V, IOH = -2.0mA -55°C, +25°C, 4.25 V 
Voltage +125°C 
ho 


Input Leakage Current 


OH 
Low Level Output | VOL VDD = 5.25V, IOL = 2.0mA -55°C, +25°C, 
Voltage . +125°C 
Static Current VDD = 5.25V, VIN = GND -55°C, +25°C, 
; | +125°C 
Functional Test . FT | VDD =4.75V to 5.25V 7, 8A, 8B -55°C, +25°C, _ 
VIH = VDD -1.0V, VIL = 1.0V +125°C 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| GROUP A SUB- 
PARAMETER SYMBOL GROUPS - TEMPERATURE 


PORT DATA/MODE SPECIFICATIONS 


Propagation Delay to Logical “1” from Port | TPDLH . -55°C, +25°C, +125°C 

A, B to Port B, A ee 7 

Propagation Delay to Logical “0” from Port |} TPDHL 9,10,11 . ‘| -55°C, +25°C, +125°C 

A, B to Port B, A ; e 

Propagation Delay from High-Impedance TPRTH 9,10,11 | -55°C, +25°C, +125°C 
to Logical “1” from T/R to Port . 
Propagation Delay from High-Impedance TPRTL 9, 10, 11 -55°C, +25°C, +125°C 

“| to Logical “O” from T/R to Port _ —_ 


Propagation Delay from High-Impedance TPZH -55°C, +25°C, +125°C 
to Logical “1” from OE to Port 


Propagation Delay from High-Impedance 
to Logical “O” from OE to Port 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
(NOTE) , 
PARAMETER SYMBOL | - CONDITIONS TEMPERATURE | MIN | MAX | UNITS 


In/Out Capacitance CI/O. VDD = Open, f = 1MHz 
. All Measurements Referenced 
to GND. 


TRANSMIT/RECEIVE MODE SPECIFICATIONS (AC Parameters) 
Propagation Delay from Logical “1” to TPHZTR +25°C 35 
High-Impedance from T/R to Port 
Propagation Delay from Logical “0” to TPLZTR +25°C 
High-Impedance from T/R to Port 
Propagation Delay from Logical “1” to TPHZ 
High-Impedance from OE to Port 
Propagation Delay from Logical “0” to TPLZ 


High-Impedance from OE to Port 


NOTE: 


1. The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are characterized 
upon initial design release and upon design changes which could affect these characteristics. 


+ 
NO 
ol 
° 
E 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


Switching Time Waveforms 


pam TF 
VDD 
INPUT 0.5VDD O0.5VDD TEST POINTS 
AN OR BN 
OV 
tPLH tPHL 
yop ———___-—_—_- 
OUTPUT 
gureur 09 fase eso 
_0V - 
TR=TF <20ns 
10% to 90% *CL INCLUDES STRAY AND JIG CAPACITANCE 
PORT TO PORT AC TESTING LOAD CIRCUIT 
vbD —-_—___————- 
INPUT OE TR TR = TF < 20ns T 
ov 0.5VDD 10% to 90% 0.5VDD 


0.1VDD 


PORT tPZH 
a 


0.5VDD 


OUTPUT ee 
tPHZ i ov 
is | ae a ee 
7 / | 0.5VDD 
PORT \o, mart | 


OUTPUT 


0.1VDD 
OE TO HIGH-IMPEDANCE, OE TO PORT OUTPUT 
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Burn-In Circuits 


je 


ie 
ral 
- 
14) 

at_| 
= 
aH 


~ STATIC CONFIGURATION 


NOTE: 


Minimum Temperature = +125°C 
VDD = 10V+5% 
All resistors = 10kQ, 1/4 Watt 


| Irradiation Circuits 


VDD = 5.0V 


= 


' HS-82C08RH 


DYNAMIC CONFIGURATION 


NOTE: 


. Minimum Temperature = +125°C, VDD = 10V + 5% 
All resistors = 10kQ, 1/4 Watt 
F1 = 100kHz, 50% Duty Cycle 
FO = F1/2, F1 = Complement of F1 


Radiation Screening Procedure 


1. 


2. 


Arandom sample of two dice per wafer is drawn from the 
wafer lot. Wafer identity is retained. 


The sample die shall be assembled and tested for func- 
tionality, in a ceramic DIP. 


. The sample devices shall be subjected to a Total Dose 


Radiation level of 1 x 10° Rad-Si (410%) from a Gamma- 
cell 220 Cobalt 60 source or equivalent. The devices will 
be powered in the configuration illustrated with VSUP- 
PLY = +5V. The dose rate shall be between 50 rads/sec 
and 300 rads/sec. 


. The Irradiation Bias circuit is shown. 
. The samples shall be started into test within 1 hour of irra- 


diation and have completed test within 2 hours of irradia- 
tion. The wafers are accepted only if the sample, 
exclusive of non-radiation failures, meets all electrical 
specifications at room temperature. 


. Radiation screening to a higher total dose is available. 


Customers should contact their closest Harris Represen- 
tative for details. 


Radiation Effects - 


The HS-82CO8RH has been designed to survive in a 
radiation environment and to meet the electrical characteris- 
tics. Latch-up free operation is achieved by the use of 
epitaxial starting material. Improved total dose hardness is 
obtained with special low temperature processing cycles. On 
a production basis, Harris performs screens for total dose 
hardness to a level of 1 x 10° Rad-Si. Transient radiation 
tests have shown the following results: 


Latch-up free to doses 2 1 x 10! rads/sec. 
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Harris - Space Level Product Flow (Note 1) 


SEM - Traceable to Diffusi Electrical Tests - Subgroup 1; Read and Record (T2) 
on - Method 2018 Alternate Group A - Subgroups 1, 7, 9; Method 5005; 


Wafer Lot Acceptance Method 5007 Paragraph 3.5.1.1 
Burn-in Delta Calculation (TO-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Customer Pre-Cap Visual Inspection (Notes 2) Alternate Group A - Subgroups 3, 8B, 11; Method 5005; : 
Temperature Cycling - Method 1010, Condition C Paragraph 3.5.1.1 


Constant Acceleration - Method 2001, Condition E Min., Y1 Marking 
Particle Impact Noise Detection - Method 2020, Condition A _—_ Electrical Tests - Subgroup 2; Read and Record 


Electrical Tests - Harris’ Option Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; Subgroups 1, 2, 3, 7, 


Internal Visual Inspection - Method 2010, Condition A 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023. 


Serialization 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 

Static Burn-In - Method 1015, Condition B, 72 Hours, 


+125°C Minimum 8A, 8B, 9, 10, 11 

Electrical Tests - Subgroup 1; Read and Record (T1) _ Group D Inspection - Method 5005 (Notes 2, 4) 

Burn-In Delta Calculation (TO-T1) End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 
PDA Calculation 3%: Subgroup 7 | : External Visual Inspection - Method 2009 


5% Subgroups 1, 7, Delta 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, 
+125°C (Note 3) 


Data Package Generation (Note 5) 


NOTES: 
1. The notes of Method 5004, Table | shall apply; unless otherwise specified. 
2. These steps are optional, and should be listed on the purchase order if required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 
Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report) 
X-Ray Report and Film 
Test Variables Data 
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Metallization Topology 


DIE DIMENSIONS: 
76.0 x 89.4 x 14+ 1mils 


METALLIZATION: © 
Type: Si - Al 
Thickness: ae 


GLASSIVATION: 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 


(1) AO 


eaten 
> .2.8 
» 


HS-82C08RH 


' HS-82C08RH 


re 
a 
> 
= 
x 


ills. Te | | (15) B4 
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SEMICONDUCTOR 


Gy HARRIS 


December 1992 


Features 


Radiation Hardened CMOS Process 

- Total Dose 1 x 10° RAD(SI) 

- Transient Upset > 1 x 10° RAD(Si)/s 

- Latch-Up Immune EPI-CMOS > 1 x 10'? RAD(SI)/s 


Low Power Dissipation 

High Noise Immunity 

Single Power Supply +5V 

Low Input Load Current 

8-Bit Data Register and Buffer 
Asynchronous Register Clear 

Service Request Flip-Flop for Interrupt Generation 
Three-State Outputs 

Bus-Compatible with HS-80C85RH CPU 
Electrically Equivalent to Sandia SA3026 
Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-82C12RH is a radiation hardened 8-bit input/ 
output port designed for use with the HS-80C85RH radiation 
hardened microprocessor. It is manufactured using a self- 
aligned, junction-isolated EPI-CMOS process and features 
three-state output buffers and device selection and control 
logic. A service request flip-flop is included for the 
generation and control of interrupts to the microprocessor. 
The device can be used in implement many of the peripheral 
and input/output functions of a microcomputer system. The 
HS-82C12RH is pinout- and function- compatible with 


industry-standard 8212 devices. 


Functional Diagram 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. 


SERVICE 
REQUEST int 
FF. 


CONTROL 


Copyright © Harris Corporation 1992 
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Pinouts 
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Radiation Hardened 
8-Bit Input/Output Port 


24 PIN DIP 
CASE OUTLINE D3, CONFIGURATION 3 
TOP VIEW 


24 PIN FLATPACK 


INTERNAL PACKAGE CODE HWL 


TOP VIEW 


VDD 
INT 
DI7 
DO7 
Di6 
DOG 
DI5 
DOS 
DI4 
DO4 


ean age wan — 
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FileNumber 3041 


_ Specifications HS-82C12RH 


Absolute Maximum Ratings __ Reliability Information 


- SUPPlY VOltAgG 5 o1.2 oS eiwcwncaes wae nerww aw eure s els eke +7.0V Thermal Resistance Gia 6. 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Ceramic DIP Package ..............- 61.6°C/W  15.1°C/W 
Storage Temperature Range ....... iireideisoehade -65°C to +150°C Flatpack Package ...........eeeeees 5S°C/W 10°C /W 
Junction Temperature. ... 0... cc cece eee eee eeeee +175°C | Maximum Package Power Dissipation at +125°C re 
Lead Temperature (Soldering 10s)............. Me abies +300°C - Ceramic DIP Package ..:........ cece eee cece eee 0.81W 
ESD Classilicauon 4::.4.24:0xie nea ¥eei0 te GSEs Sakae s .. Class 1 Flatpack PaCkage :o4i 6 cess eee iaie tie cas waaSeiue ss 0.91W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions | ” | 
Operating Voltage Range............eeeeeee +4.75V to +5.25V Input Low Voltage ....... eerrerre was re enee OV to +1.0V 


Operating Temperature Range........... see 55°C to +125°C — Input High Voltage.............. ete heauhese VDD -1V to VDD 
: TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS | 
) 3 GROUP A _ veil 
PARAMETERS — | SYMBOL |. CONDITIONS SUBGROUPS | TEMPERATURE | MIN. | MAX | UNITS 
High Input Leakage VDD = 5.25V, VIN = OV, 1,2,3 -55°C, +25°C, pA 
Current Pin under test = 5.25V +125°C 
Low Input Leakage. VDD = 5.25V, VIN = 5.25V, -55°C, +25°C, 
Current Pin under test = OV +125°C 
Low Output Voltage VDD = 5.25V, IOL = 2mA -55°C, +25°C, V 
em +125°C 


High Output Voltage VDD = 4.75V, IOH = -2mA -55°C, +25°C, 4.25 


NL 
VOL 
VOH = = 
| +125°C 
Static Current VDD = 5.25V, VIN = GND -55°C, +25°C, 100 LA 
+125°C 
Functional Tests a 


VDD = 4.75V and 5.25V, 7, 8A, 8B -55°C, +25°C, 


+125°C 


VIH = VDD-1.0V, VIL = 1.0V 


NOTE: All devices are guaranteed at worst case limits and over radiation. 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


| ‘GROUP A SUB- | | matical 
PARAMETERS SYMBOL | GROUPS TEMPERATURE | MAX | UNITS 


aes te ae ee ae 
Wie raietoOupatbaay_| Tw | _a0.n1 | oec.a5teves0 | | 200 | mo 
[eset Oupbaey | 7a | avon | arte vasc.rnee |_| ws [ro 
[cearwoupndear | re | avon | swoname sree | | os _[ 1s 
fouputenatioTime | Te | eran | secasesveeo | | 1as_[ ro 
foupuosene Tine | 7 | eran | swoasarveo | | 6 | ro 


NOTE: Bea ads : 
1. Output Timings are measured with the following conditions: CL = 100pF, VIH = 3.75V, and VIL = 1.0V 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A mute 
SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 
CIN VDD = Open, f = 1MHz, All Ta = +25°C pF 
measurements referenced to 
device ground 
Output Capacitance COUT VDD = Open, f = 1MHz, All Ta = +25°C pF 
measurements referenced to 
device ground 
Pulse Width TPW VDD = 4.75, VIH = 3.75, VIL= 1.0 9, 10, 11 -55°C, +25°C, 
+125°C 


Data Set Up Time TSET VDD = 4.75, VIH = 3.75, VIL= 1.0 9, 10, 11 -55°C, +25°C, 
+125°C 
Data Hold Time TH VDD = 4.75, VIH = 3.75, VIL= 1.0 9, 10, 11 -55°C, +25°C, 
+125°C 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


PARAMETERS 


Input Capacitance 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The Post Irradiation test conditions and limits are the same as those listed in Table 1 and Table 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) GROUP B, SUBGROUP 5 


[Sawecwen +d’ | 
igh inputteakage Curent |__| Ona 


METHOD 


~  100%/5004 
100%/5004 ’ 


2, 3, 8A, 8B, 9, 10, 11 
Group E Subgroup 2 
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Timing Waveforms 


READ TIMING 


(DS, « DS2) 


VOH 
OUTPUT VOL 
.0.5VDD 
’.- WRITE TIMING 
. DATA . 


MD OR (DS, « DS2) 


OUTPUT 


DATA SETUP, HOLD, PROPAGATION DELAY TIMING — 


DATA 


STB OR (DS, « DS2) 


OUTPUT 
INTERRUPT TIMING 
ee | tPW 
| tPW | 
Mm _——_—_> 
(DS, « DS2) 


CLEAR TIMING 


| tc | 
DO 
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Burn-In Circuits 


ll 
3 ES 


iS. AAA 


i 


STATIC CONFIGURATION 


NOTES: 

VDD = 10V + 10% 

All resistors 10K 

Voltage must be ramped up 


Radiation Screening Procedure 


1. Arandom sample of two dice per wafer is drawn from the wa- 
fer lot. Wafer identity is retained. 


2. The sample die shall be assembled and tested for functional- 
ity, ina ceramic DIP. 


3. The sample devices shall be subjected to a Total Dose Radi- 
. ation level of 1 x 105 Rad-Si (t10%) from a Gamma-cell 220 
Cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPLY = +5V. The 
dose rate shall be between 50 rads/sec and 300 rads/sec. 
4. The Irradiation Bias circuit is shown. 


5. The samples shall be started into test within 1 hour of irradia- 
tion and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-ra- 
diation failures, meets all electrical specifications at room 
temperature. 


6. Radiation screening to a higher total dose is available. Cus- 


tomers should contact their closest Harris Representative for 
details. 


Radiation Effects 


The HS-82CO8RH has been designed to survive in a 
radiation environment and to meet the electrical characteris- 
tics. Latch-up free operation is achieved by the use of 
epitaxial starting material. Improved total dose hardness is 
obtained with special low temperature processing cycles. On 
a production basis, Harris performs screens for total dose 
hardness to a level of 1 x 10° Rad-Si. Transient radiation 
tests have shown the following results: 


Latch-up free to doses > 1 x 10'? rads/sec. 


© VDD 


a il 
Hl 


if] 
(aes as ee 


no 
7 


: 


(Ey 


VS 


DYNAMIC CONFIGURATION 


NOTES: 


VDD = 10V + 10%, VS = 5V + 10%, Ta Min = +125°C 
All resistors 10kQ + 10%, 1/4W 
Part is Static Sensitive, Voltage Must be Ramped 


Irradiation Circuit 


VDD = 5.0V 


TTT] | 1H] 


ce 
go =< 
y & 
uj UJ 
Ot 
on 
co 
OQ WwW 
NOTES: =o. 
VDD = 5.0 + 0.5V 


Group E Testing is performed in Ceramic DIP 
Group E Sample Size is 2 die/wafer 
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Harris - - Space Level Product Flow (Note 1 


SEM - Traceable to Diffusion - Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection - Method 2010, Condition A. 
Gamma Radiation Assurance Tests - Method 1019 
Nondestructive Bond Pull - Method 2023 a 
Customer Pre-Cap Visual Inspection (Notes 2) 
Temperature Cycling - Method 1010, Condition C 

Constant Acceleration - Method 2001, Condition E Min., Y1 
Particle Impact Noise Detection - Method 2020, Condition A 
Electrical Tests - Harris’ Option 

Serialization | 

X-Ray Inspection - Method 2012 

Electrical Tests - Subgroup 1; Read and Record (TO) 


Static Burn-In - Method 1015, Condition B, 72 Hours, 
+125°C Minimum 


Electrical Tests - Subgroup 1; Read and Record (T1) 
Burn-in Delta Calculation (TO-T1) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Dynamic Burn-In, Method 1015, Condition D, 240 Hours, © 


+125°C (Note 3). 


NOTES: 


Electrical Tests - Subgroup 1; Read and Record (T2) 


Alternate Group A - Subgroups 1, 7, 9; Method S008; 
Paragraph 3. S. 1.1 


Burn-In Delta Calculation (To-T2) 


PDA Calculation 3%: Subgroup 7 
5% Subgroups 1, 7, Delta 


Electrical Tests - Subgroup 3; Read and Record 


Alternate Group A - Subgroups 3, 8B, 11 : Method 5005; 
Paragraph 3.5.1.1 


Marking 
Electrical Tests - Subgroup 2; Read and Record 


Alternate Group A - Subgroups 2, 8A, 10; Method 5005; 
Paragraph 3.5.1.1 


Fine and Gross Leak Tests - Method 1014, 100% 
Customer Source Inspection (Note 2) 


Group B Inspection - Method 5005 (Notes 2) 
End-Point Electrical Parameters: B5; SUbOTOUpS ts 25.35%; 
8A, 8B, 9, 10, 11 


Group D Inspection - Method 5005 (Notes 2, 4) _ 
End-Point Electrical Parameters: B5; Subgroups 1, 7, 9 


External Visual Inspection - Method 2009 
Data Package Generation (Note 5) 


1. The notes of Method 5004, Table I shall apply; unless otherwise specified. 

2. These steps are optional, and should be listed on the purchase order if required. - ; 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table O of Method 1015. 
4 


. For Group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for il- 
legible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 


5. Data package contains: Assembly Attributes (post seal) 
Test Attributes (includes Group A) 
Shippable Serial Number List 


Radiation Testing Certificate of Conformance 
Wafer Lot Acceptance Report (includes SEM report 


X-Ray Report and Film 
Test Variables Data 


11-46 


HS-82C12RH 


Metallization Topology 


DIE DIMENSIONS: 
90 x 76x 14+ Imils 


METALLIZATION: 
Type: AlSi 
Thickness: 1 1kA ne 2kA 


GLASSIVATION: 
Type: Si02 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 
Temperature:Ceramic DIP - 460°C (Max) 


Metallization Mask Layout 


_ HS-82C12RH 


OOseeuvse 


DOO (4) | 1) 


Pa = 


DI1 (5) 


mun 


& 
. =? 


DO1 (6) 


1 4 
Spee 


i 
> oll 
! 


all} 


a FH (17) DOS 


1 cue 


DI2 (7) 


Se aa 


DO2 (8) 


ous Cat ri 
pareg coreg am |: 


DI3 (9) { H (16) DI4 
— mao | ON (15) DO4 
ij J ¢Oo uU cH » 8 
S = Ni 2 eS 
[es] fa) N [9 of 
8 —F 2 2 & 
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Functional Description 
Data Latch 


The data latch is comprised of eight “D” type flip-flops. The 
output of each flip-flop will follow the corresponding data 
input (DIO - DI7) when the clock (C) is high. The clock input 
is level sensitive and the data becomes latched when the 
clock returns low. 


An asynchronous reset (CLR) is used to clear the latched 
data. Since the clock (C) overrides the reset (CLR), the data 
must be in the latched state in order to clear the flip-flops. If 
the data is not latched (i.e. clock is high) when CLR goes 
low, then the Q outputs of the data latch will continue to fol- 
low the data input, overriding the reset signal. 


Output Buffer 


Three-state buffers are used to provide output drive for the 
data latch. A high level on the “output buffer enable” control 
line enables the buffer outputs. When “output buffer enable” 
is low the buffer outputs are forced to the high-impedance 
state. 


Device Select Logic 


The inputs DS1 and DS2 are used for device selection. 
When DS1 is low and DS2 is high, the device is selected. 
The output buffers are enabled and the service request flip- 
flop is asynchronously cleared when the device is selected. 


Mode 


the mode input (MD) is used to control the state of the output 
buffer and to determine the source of the data latch clock 
(C). When MD is high, the output buffers are enabled and 
the source of the data latch clock (C) is the device select 

logic (DS1 « DS2). | | | 


When MbD is low, the state of the output buffer is controlled 
by the device select logic (DS1 ¢ DS2) and the source of the 
data latch clock is the strobe (STB) input. 


Strobe 


The strobe input (STB) is used as the data latch clock (C) 
when the mode input (MD) is low. The service request flip- 
flop is synchronously set on the negative going edge of STB. 


Service Request Flip-Flop 


The service request flip-flop is to generate interrupts to 
microcomputer systems. It is negative edge triggered and 
asynchronously cleared (reset). 


The output of the service request flip-flop is AND-gated with 
the device select logic (DS1 « DS2). The output of the AND 
gate is the active low interrupt (INT) signal. 
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Logic Diagram 


=>» 
DSs1 DATA OUT ENABLE 23 
13 
a 
ps2 
Sot fo 
aie Lainie ile 
=> 
i 
CLA 6 
= | po-8-1 So 
14 ae cil 
DO2 
=z 
7 8 
voce aan 
DI3 —- Do3 
MD => —__ 
— 9 ES E 


VMN NM YY YY IY 
4 


DI7 7 DO7 

= om 2 

22 a 21 
TRUTH TABLE 1. DATA OUT TRUTH TABLE 2. INT 
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warns HS-82C37ARH 


Radiation Hardened CMOS High 


December 1992 | a Performance Programmable DMA Controller 
Features | Pinouts 
‘ . 40 DIP 
e Radiation Hardened 38510 OUTLINE D5, CONFIGURATION 3 
- Total Dose >10° RAD(SI) a TOP VIEW 


- Transient Upset > 10° RAD(Si)/s 
- Latch Up Free EPI-CMOS 
- Functional After Total Dose 10° RAD(SI) 
e Low Power Consumption 
- IDDSB = 501A Maximum 
- IDDOP = 4.0mA/MHz Maximum 
¢ Pin Compatible with NMOS 82374 and the Harris 82C37A 


¢ High Speed Data Transfers Up To 2.5 MBPS With 5MHz Clock 

e Four Independent Maskable Channels With Autolnitialization Capability 
e Expandable to Any Number of Channels | 

e Memory-to-Memory Transfer Capability 

¢ CMOS Compatible | | 

¢ Hardened Field, Self-Aligned, Junction Isolated CMOS Process 

e Single 5V Supply | 

* Military Temperature Range -55°C to +125°C 


Description 


The Harris HS-82C37ARH is an enhanced, radiation hardened CMOS 
ver sion of the industry standard 8237A Direct Memory Access (DMA) con- 
troller, fabricated using the Harris hardened field, self-aligned silicon gate 
CMOS process. The HS-82C37ARH offers increased functionality, 
improved performance, and dramatically reduced power consumption for —_ 

the radiation environment. The high speed, radiation hardness, and industry pony 2 
standard configuration of the HS-82C37ARH make it compatible with radia- 


42 PIN FLATPACK 
TOP VIEW 


tion hardened microprocessors such as the HS-80C85RH and the HS- hae 7 
80C86RH. NCE 


The HS-82C37ARH can improve system performance by allowing evieinal READY = 
devices to transfer data directly to or from system memory. Memory-to- | HLDA = 
memory transfer capability is also provided, along with a memory block ini- | AOST8 = 
tialization feature. DMA requests may be generated by either hardware or} AEN 
software, and each channel is independently programmable with a variety of 
features for flexible operation. 


an Oa & WAN «> 


Static CMOS circuit design insures iow operating power and allows gated | RESET = 
clock operation for an even further reduction of power. Multimode program- | DACK2 = 
mability allows the user to select from three basic types of DMA services, | DACK3 = 
and reconfiguration under program control is possible even with’ the clock to Nc = 
the controller stopped. Each channel has a full 64K address and word count | DREQ3 = 
range, and may be programmed to autoinitialize these registers following 
DMA termination (end of process). The Harris hardened field CMOS pro- 
cess results in performance equal to or greater than existing radiation resis- GND = 
tant products at a fraction of the power. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3042 
Copyright © Harris Corporation 1992 11-50 
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Pin Descriptions 


PIN 
SYMBOL | NUMBER DESCRIPTION 
Sea VDD: is the +5V power supply pin. A 0.1,F capacitor between pins 31 and 20 is recommended for de- 
coupling. 


CLOCK INPUT: The Clock Input is used to generate the timing signals which control HS-82C37ARH 


operations. This input may be driven from DC to 5MHz and may be stopped in either high or low state 
for standby operation. 


CHIP SELECT: Chip Select is an active low input used to enable the controller onto the data bus for 
CPU communications. 


RESET: This is an active high input which clears the Command, Status, Request and Temporary Reg- 
isters, the First/Last Flip-Flop, and the Mode Register Counter. The Mask Register is Set to ignore re- 
quests. Following a Reset, the controller is in an idle cycle. 


—_ 


RESET 13 


READY 


READY: This signal can be sued to extend the memory read and write pulses from the HS-82C37ARH 
to accommodate slow memories or !/O devices. Ready must not make transitions during its specified 
set-up and hold times. Ready is ignored in Verify Transfer mode. 


HOLD ACKNOWLEDGE: The active high Hold Acknowledge from the CPU indicates that is has relin- 
quished control of the system busses. 


HLDA 


~J 


DREQO- 
DREQ3 


16-19 DMA REQUEST: The DMA Request (DREQ) lines are individual asynchronous channel request inputs 
used by peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest priority and 
DREQS3 has the lowest priority. A request is generated by activating the DREQ line of a channel. DACK 
will acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable. Reset initializes 
these lines to active. DREQ will not be recognized while the clock is stopped. Unused DREQ inputs 


should be pulled High or Low (inactive) and the corresponding mask bit set. 


DBO- 21-23 VO 
DB7 26-30 


DATA BUS: The Data Bus lines are bidirectional three-state signals connected to the system data bus. 
The outputs are enabled in the Program Condition during the I/O Read to output the contents of a reg- 
ister to the CPU. The outputs are disabled and the inputs are read during an I/O Write cycle when the 
CPU is programming the HS-82C37ARH Control Registers. During DMA cycles, the most significant 8 
bits of the address are output onto the data bus to be strobed into an external latch by ADSTB. In Mem- 
ory-to-Memory operations, data from the memory enters the HS-82C37ARH on the data bus during the 
read-from-memory transfer, then during the write-to-memory transfer, the data bus outputs write the 
data into the new memory location. 


/O I/O READ: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input control 
signal used by the CPU to read the internal registers. In the Active cycle, it is an output control signal 


used by the HS-82C37ARH to access data from a peripheral during a DMA Write transfer. 


/0 /O WRITE: I/O Write is a bidirectional active low three-state line. In the Idle cycle, it is an input control 
signal used by the CPU to load information into the HS-82C37ARH. In the Active cycle, it is an output 


control signal used by the HS-82C37ARH to load data to the peripheral during a DMA Read transfer. 


36 /O END OF PROCESS: End of Process (EOP) is an active low bidirectional signal. Information concerning 


the completion of DMA services is available at the bidirectional EOP pin. 


The HS-82C37ARH allows an external signal to terminate an active DMA service by pulling the EOP 
pin low. A pulse is generated by the HS-82C37ARH when terminal count (TC) for any channel is 
reached, except for channel 0 in Memory-to-Memory mode. During Memory-to-Memory transfers, EOP 
will be output when the TC for channel 1 occurs. 


The EOP pin is driven by an open drain transistor on-chip, and requires an external pull-up resistor. 


When an EOP pulse occurs, whether internally or externally generated, the HS-82C37ARH will termi- 
nate the service, and if Autoinitialize is enabled, the base registers will be written to the current registers 
of that channel. The mask bit and TC bitin the Status Register will be set for the currently active channel 
by EOP unless the channel is programmed for Autoinitialize. In that case, the mask bit remains clear. 


A0-A3 Address: The four least significant address lines are bidirectional three-state signals. In the Idle cycle, 
they are inputs and are used by the HS-80C86RH to address the internal registers to be loaded or read. 


In the Active cycle, they are outputs and provide the lower 4 bits of the output address. 


32-35 I/O 
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Pin Descriptions (Continued) 


PIN 
SYMBOL | NUMBER DESCRIPTION 


A4-A7 37-40 Address: The four most significant address lines are three-state outputs and provide 4. bits of address. 


These lines are enabled only during the Active cycle. 


Hold Request: The Hold Request (HRQ) output is used to request control of the system bus. When a 
DREQ occurs and the corresponding mask bit is clear, or a software DMA request is made, the HS-. 
82C37ARH issues HRQ. The HLDA signal then informs the controller when access to the system bus- 
ses is permitted. For stand-alone operation where the HS-82C37ARH always controls the busses, HRQ 
may be tied to HLDA. This will result in one SO state before the transfer. 


DACKO- hae 15,24, » 
DACK3 hae 


‘DMA Acknowledge: DMA acknowledge is used to notify the individual peripherals when one has been 
granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to active low. 


: 
\ or 


_ AEN Address Enable: Address Enable enables the 8-bit latch containing the upper 8 address bits onto the 
“system address bus. AEN can also be used to disable other system bus drivers during DMA transfers. 


AEN is active HIGH. 


Address Strobe: This is an active high signal used to.control latching of the upper address byte. It will 
drive directly the strobe input of external transparent octal latches, such as the 82C82. During block op- — 
erations, ADSTB will only be issued when the upper address byte must be updated, thus speeding op- 
eration through elimination of S1 states. (See Note 2). 


Memory Read: The Memory Read signal is an active low three-state output used to access data from: 
the selected memory location during a DMA Read or a Memory-to-Memory transfer. 


Memory Write: The Memory Write is an active low three-state output used to write data to the selected 
memory location during a DMA Write or a Memory-to-Memory transfer. 


No connect. Pin 5 is open and should not be tested for continuity. 


Functional Diagram 

oo DECREMENTOR _ J INC DECREMENTOR [vo BUFFER A0-A3 

soy i TEMP WORD TEMP ADDRESS vo BUFFER | ______> 
RESET COUNT REG (16) REG (16) 

cs 16 BIT BUS 
READY 16 BIT BUS BuiCUE A4-A7 
CLOCK BUFFER an, 
) TIMING . 

AEN OND 
ADSTB CONTROL 
MEMR | 

COMMAND | 

MEMW : CONTROL 

ioR : 

low 
DREQo- 4 REN DB0-DB7 
gig COMMAND (8) ve ATA BU VO BUFFER EE. 

HLDA A 
ROTATING | 

HDQ PRIORITY 
DACKo- . 4 LoGic | MASK (4) | | 
DACK3 

MODE status (8) | J EMF RARY 
REQUEST (4) (4x6) 
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Absolute Maximum Ratings | Reliability Information 

Supply Voltage ................. a ore boas ace aera ted ay +7.0V Thermal Impedance Gia Oi, 
Input or Output Voltage Applied........ VSS - 0.3V to VDD + 0.3V Braze Seal DIP Package............. 24.2°CIW 9.5°C/W 

for All Grades Braze Seal Flatpack Package ......... 72.1°CWW9..7°C/W 

Storage Temperature Range .............006. -65°C to +150°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10S)............0 eee eeee +300°C Braze Seal DIP Package ........... ccc eee e eens 1.98W 
Junction Temperature. 2.0.2... cece eee eee eee eee +175°C Braze Seal Flatpack Package ............e eee ee eens 0.69 W 
Typical Derating Factor............ 4mA/MHz Increase in IDDOP | 

ESD Classification ........... eeawitewel ugewGeed Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and ila 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Supply Voltage Range (VDD) ......... +4.5V to +5.5V —— Input Low Voltage ee ere erates heat OV to +0.8V 
Operating Temperature Range (Ta) ............ -55°C to +125°C ~—s Input High Voltage... 2.2... cee eee ee eee VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS: 


LIMITS 
Genes _uimirs | 

PARAMETERS SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN. | MAX | UNITS 

TTL Output High Voltage VOH1 VDD = 4.5V, IO = -2. mA, +25°C, +125°C, 
VIN = OV or 4.0V -55°C 
CMOS Output High Volt- VOH2 | VOD =4.5V, IO = -100pA, +25°C, +125°C, | VDD- 
VIN = OV or 4.0V -55°C 0.4 
+25°C, +125°C, 0.4 
-55°C 
IIL or WH VDD = 5.5V, VIN = OV or +25°C, +125°C, -1.0 
5.5V Pins: 6, 7, 11-13, 16-19 -55°C 


5 = 
> 


VDD = 5.5V, VIN = OV or +25°C, +125°C, 
5.5V Pins: 1-4, 21-23, 26- -55°C 
30, 32-40 


Standby Power Supply = 5.5V, lO = ; +25°C, +125°C, 
Current = -55°C 


Operating Power Supply ~ IDDOP VDD = 5.5V, lO = OmA, +25°C, +125°C, 
Current VIN = GND or VDD, -55°C 
f = 5MHz 


VDD = 4.5V and 5.5V, 
VIN = GND or VDD, 
f = 1MHz 


VDD = 4.5V and 5.5V, VIN= 
GND or VDD - 1.5V and 
VDD = 4.5V, VIN = 0.8V or 
VDD 


+ 
oO 
oO 

eE 
> 


8 Pa 
Oo ° 

a: — 
BECECEEE 


Functional Tests 


Noise Immunity Functional 
Test 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
VCC = +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


p LIMITS 
PARAMETER SYMBOL TEMPERATURE | SUBGROUP a UNITS 


DMA (MASTER) MODE 


AEN HIGH from CLK LOW (S1) | TCLAEH | VDD =4.5V +25°C, +125°C, }| 9,10, 11 175 | ns 
Delay Time -55°C 


(NOTES 1, 2) 
CONDITIONS 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


= ane | LIMITS 
J. | wotes4,2) | | 
PARAMETER SYMBOL | CONDITIONS | TEMPERATURE | SUBGROUP | MIN -| MAX | UNITS 
DMA (MASTER) MODE (Continued) | | . | . | 
AEN LOW from CLK HIGH (SI) | TCHAEL | VDD =4.5V 
Delay Time a a 7 
ADR from READ HIGH Hold - TRHAX | VDD =4.5V +25°C, +125°C, 
Time -55°C 
DB from ADSTB LOW Hold =|. TSLDZ +25°C, +125°C, 
Time -55°C 
ADR from WRITE HIGH Hold | TWHAX | VDD =4.5V 425°C, +125°C, 
Time a. : J 55°C 
DACK Valid fromCLKLOW | TCLDAV | VDD=4.5V 
Delay Time . : 


+25°C, +125°C, 
. -55°C 


9, 10, 11 


+ 
O 
= 
@) 
+ 


VDD = 4.5V 


+25°C, +125°C, 170 
-55°C 
VDD = 4.5V +25°C, +125°C, 170 


-55°C 


i 
EOP HIGH from CLK HIGH TCHIPH 
Delay Time 
EOP LOW from CLK HIGH TCHIPL 
Delay Time 


VDD = 4.5V +25°C, +125°C, 


9, 10, 11 
-55°C : 


VDD = 4.5V +25°C, +125°C, 9, 10, 11 
-55°C. 


ADR Stable from CLK HIGH TCHAV 

DB to ADSTB LOW Setup Time | TDVSL 

Clock HIGH Time TCHCL 

(Transitions 10ns) 

Clock LOW Time TCLCH +25°C, +125°C, 

(Transitions 10ns) -55°C . 

CLK Cycle Time TCLCL | VDD=4.5V +25°C, +125°C, 9, 10, 11 
sos . -55°C . 

CLK HIGH to READ or WRITE | TCHRWL | VDD=4.5V _ +25°C, +125°C, 9, 10, 11 

LOW Delay | | | -55°C 

READ HIGH from CLK HIGH TCHRH | VDD =4.5V +25°C, +125°C, 9, 10, 11 

(S4) Delay Time | . -55°C : : 

WRITE HIGH from CLK HIGH TCHWH {| VDD =4.5V 

(S4) Delay Time 

HRQ Valid from CLK HIGH TCHRQV | VDD = 4.5V 

Delay Time . 

EOP LOW to CLK LOW Setup TEPLCL | VDD = 4.5V 

Time | 


+25°C, +125°C, 
-55°C 


VDD = 4.5V TCHCL 


+10 


N 
So 


VDD=4.5V —s«|._:« 425°C, +125°C, 


-55°C 
VDD = 4.5V 


i oa 


+25°C, +125°C, 
55°C 


+25°C, +125°C, 
-55°C 


9, 10, 11 


+25°C, +125°C, 
-55°C 


VDD = 4.5V +25°C, +125°C, 
-55°C 


EOP Pulse Width TEPLEPH 


READ or WRITE Active from TCHRWV | VDD = 4.5V 
CLK HIGH 


425°C, +125°C, 
| | -55°C 


VDD = 4.5V 425°C, +125°C, 


“55°C 


9, 10, 11 


DB Float to Active Delay from TCHDV 
CLK HIGH | 
HLDA Valid to CLK HIGH Setup | TRAVC 
Time 


VDD = 4.5V | +25°C, +125°C, 


-55°C 


9, 10, 11 75 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V +10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. 


. | LIMITS 
(NOTES 1, 2) 
PARAMETER SYMBOL | CONDITIONS | TEMPERATURE | SUBGROUP po MIN | UNITS 


DMA (MASTER) MODE (Continued) 


Input Data from MEMR HIGH TMRHDX | VDD = 4.5V +25°C, +125°C, 9, 10, 11 

Hold Time -55°C 

Input Data to MEMR HIGH TDVMRH | VDD = 4.5V 425°C, +125°C, | 9, 10, 11 Rae 
-55°C 


Setup Time 
+25°C, +125°C, TCLCL- 
-55°C 35 


Output Data from MEMW HIGH | TMWHDZ | VDD = 4.5V 425°C, +125°C, 9, 10, 11 

HOLD Time -55°C 

Output Data Valid to MEMW TDVMWH | VDD = 4.5V 
HIGH 

DREQ to CLK LOW (SI, S4) TDQVCL VDD = 4.5V +25°C, +125°C, 9, 10, 11 

Setup Time -55°C 

CLK LOW to READY Hold Time CLRYX | VDD =4.5V , 10, 
-55°C 


+25°C, +125°C, 9, 10, 11 


’ a: 
READY to CLK LOW Setup TRYVCL | VDD =4.5V +25°C, +125°C, 9, 10, 11 
Time -55°C 


ADSTB HIGH from CLK LOW TCLSH {| VDD=4.5V +25°C, +125°C, 9, 10, 11 
Delay Time -55°C 


ADSTB LOW from CLK LOW TCLSL | VDD=4.5V 425°C, +125°C, 9, 10, 11 120 
Delay Time -55°C 


READ HIGH Delay from WRITE | TWHRH | VDD =4.5V +25°C, +125°C, 9, 10, 11 
55°C 

READ Pulse Width, Normal TRLRH1 | VDD =4.5V +25°C, +125°C, 

Timing -55°C 

ADSTB Pulse Width TSHSL. | VDD =4.5V +25°C, +125°C, | 
55°C 


Extended WRITE Pulse Width | TWLWH1 | VDD =4.5V +25°C, +125°C, 2TCLCL = | 
-55°C -100 


WRITE Pulse Width TWLWH2 | VDD = 4.5V +25°C, +125°C, 9, 10, 11 TCLCL - 
-55°C 100 


Q) 
a a 


= 7) 
READ Pulse Width, TRLRH2 | VDD = 4.5V +25°C, +125°C, 9, 10, 11 TCLCL - & 2 
Compressed -55°C 50 rH o 

uw 

PERIPHERAL (SLAVE) MODE re. x 
: o2& 

ADR Valid or CS LOWtoIOR | TAVIRL | VDD=4.5V +25°C, +125°C, 9, 10, 11 - - iT 
LOW | -55°C | | a0. 


ADR Valid or CS LOW toIOW | TAVIWL | VDD =4.5V +25°C, +125°C, 9, 10, 11 
LOW Setup Time 0 | -55°C 

Data Valid to [OW HIGH Setup | TDVIWH | VDD =4.5V +25°C, +125°C, 9, 10, 11 
Time -55°C 

ADR or CS Hold from!OR HIGH | + TIRHAX | VDD =4.5V +25°C, +125°C, 9, 10, 11 

| “55°C 
Data Access from IO TIRLDV | VDD =4.5V +25°C, +125°C, a 
- 55°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 
VCC = +5V 10%, GND = OV, AC’s Tested at Worst Case VDD, Guaranteed Over Full Operating Range. ; 


, LIMITS 
(NOTES 1, 2) 


PARAMETER = | SYMBOL | CONDITIONS | TEMPERATURE | SUBGROUP 


2TCLCL 


+25°C, +125°C, 
-55°C 

+25°C, +125°C, 

-55°C 


1OR Width : +25°C, +125°C, 

: -55°C 
+25°C, +125°C, 

-55°C 


+25°C, +125°C 
-55°C 


IOW Width 


NOTE: 


_ 1. READ refers to both IOR and MEMR, and WRITE refers to both IOW and MEMW, during memory to I/O and I/O to memory transfers 
2. AC’s Tested at Worst Case VDD But Guaranteed Over Full Operating Range 7 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS _ 


CIN VDD = Open, f = 1MHz, Ta = +25°C 
All measurements refer- 
enced to device ground. 
COUT VDD = Open, f = 1MHz, 
All measurements refer- 
enced to device ground. 


Cl/O VDD = Open, f = 1MHz, 
All measurements refer- 
enced to device ground. 

TCHRWZ j VDD = 4.5V and 5.5V -55°C < Ty < +125°C 


_ 
| 
c>) 


Power Supply HIGH to RESET LOW -55°C < Ty < +125°C 
Setup Time 


NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7 and 9). 


11-56 


Specifications HS-82C37ARH 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


+ 150mV 


al eae oe a eS 


AC Test Circuit AC Testing Input, Output Waveforms 


VIL -0.4V fe VOL 


OUTPUT FROM 

DEVICE UNDER TEST 
OUTPUT 

Z—*> LORH  VOH VOH LORH—> Z 


2.0V VOH - 0.45V 
0.8V 0 


VOL 


v1 ; 
VIH +0.4V VOH 
TEST POINT 
ii ci* 


“Includes Stray and Jig Capacitance 


TEST CONDITION DEFINITION TABLE 


All Output Except EOP | 47v | 5100 | 100pF 
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HS-82C37ARH 


Waveforms 


<— TIWLIWH 

iow ee 

| TAVIWL nee TIWHAX 

A0-A3 ( : INPUT VALID | » | 
<—__——_———— TDVIWH 


DB0-DB7 ( _ INPUTVALID | y 


FIGURE 1. SLAVE MODE TIMING 
NOTE: Host system must allow at least TCLCL as recovery time between successive write accesses 


A0-A3 a ADDRESS MUST BE VALID - 


TAVIRL 


TIRLIRH 


DBO-DB7 


FIGURE 2. SLAVE MODE READ 
NOTE: Host system must allow at least TCLCL as recovery time between successive write accesses 


CLK 


READ* 


WRITE* 


READY 


FIGURE 3. READY 
* READ refers to both IOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 
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HS-82C37ARH 


Waveforms (Continued) 


bi TCLCL TCHCL 


He © lig ae = 
ak: aL TCHRQV 


bladed 


oe mT c= 
; TCLAEH ~<— TCHAEL 
AEN 7 
TCLSH <—3 a 
eee TEPLCL 
—_——_———z 


DBO0-DB7 ft [ A8-Ats | a 


(OP merece 
aie TWHAZ 
Ao-Ay —__. a _,Aboress vaLIO}| 


rs aE = nae 


Bi TCHRWZ 


DACK 


TCHRWV 
er ] 
he TCHWH 

>| TWLWH2 

WRITES——_—_______> y 
TCHIPH 
2 

INT EOP (FOR EXTENDED WRITE) 


TEPLEPH TCHIPL 
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FIGURE 4. DMA TRANSFER 
* READ refers to both IOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 
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Waveforms (continued) 


TCLSH 
ADSTB 
=< —>| TSLDZ 
i gg pa frewz [rena 


AO - A7 © 
ADDRESS VALID —a ADDRESS VALID 


= AB - A15 T= OUT 
ey he | = 


- a rT 
MEMW | 
oo TCHRWZ 


pet cone 
WRITE 


A 


DBO - DB7 


TCHIPL TCHIPH 


INT EOP | | TEPLCL 
TEPLEPH 


FIGURE 5. MEMORY-TO-MEMORY TRANSFER 


EXT EOP 


VDD ae = = = Wenge 


TRSHRSL 


TRSLIRWL ——> 


FIGURE 6. RESET 
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HS-82C37ARH 


Waveforms (continued) 
S2 S4 S2 S4 
CLK 
TCHAV > 
y 
A0-A7 ( VALID |X VALID 
N 
TCHRH 
TCHRWL — TCHRWL 
| TCHRH 
READ* 
WRITE* 
TCLRYX TCLRYX 
TRYVCL <— TRYVCL 
READY 


FIGURE 7. COMPRESSED TRANSFER 
* READ refers to both IOR and MEMR outputs. WRITE refers to both IOW and MEMW outputs 


11-61 


TCHWH 


uPROCESSOR 
PERIPHERALS 


HS-82C37ARH 


Burn-in Circuits 
HS-82C37ARH 40 PIN DIP 


Sissi) 


HHH 


2 


SRL 


He 


STATIC CONFIGURATION 
VDD = +6.0V + 5% Part is Static Sensitive 
Ta = +125°C Minimum Voltage Must be Ramped 


Resistors: 
Ri = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 
R2 = 2.7kQ + 5% (Pins 1, 2, 21-23, 26-30, 32-36) 


FO PUL eee 
_ | 
ES ag) 
- START-UP TIMING 


FO is 50% duty cycle square wave pulse burst. 
1.0kKHz < FO s 100kHz FO is left High after pulse burst 
10 cycles < FO Pulse Burst < 1.0s 
F1 = Single pulse with width equal to 2 cycles of FO 
F1 is left Low after pulse burst 
NOTE: F1 pulse occurs after start of FO and ends before FO. 
Input levels: 0.9VDD < VIH < VDD, -0.3V < VIL <0.7V 


HS-82C37ARH 40 PIN DIP 


a 


139 
38 
37 


VDD 


DYNAMIC CONFIGURATION 


VDD = 6.5V + 5% (Burn-In) 

VDD = 6.0V + 5% (Life Test) 

Ta = +125°C Minimum 

Part is Static Sensitive, Voltage Must be Ramped 

Resistors: 

Ri = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 

R2 = 2.7kQ + 10% (Pins 1, 2, 21-23, 26-30, 32-36, and LOADS) 
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HS-82C37ARH 


Burn-In Circuits (Continued) 
HS-82C37ARH 42 PIN FLATPACK HS-82C37ARH 42 PIN FLATPACK 


VDD 


1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 


VDD 


F5 
F4 
F3 


F2 
F1 
FO 


STATIC CONFIGURATION 
2.7KQ 
VDD = +6.0V + 5% Part is Static Sensitive 
Ty = +125°C Minimum Voltage Must be Ramped LOAD 
Resistors: 2.7KQ 
R1 = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 
R2 = 2.7kQ + 5% (Pins 1, 2, 21-23, 26-30, 32-36) . = 
 “LELPLLOLr Lr ° °° 1 
| | 
F1 ee 
ow 
START-UP TIMING DYNAMIC CONFIGURATION ro 2 
FO is 50% duty cycle square wave pulse burst. VDD = 6.5V + 5% (Burn-in) % TT 
1.0KHz < FO < 100kKHz FO is left High after pulse burst VDD = 6.0V + 5% (Life Test) 5) T 
10 cycles < FO Pulse Burst < 1.0s Ta = +125°C Minimum Oo 2 
F1 = Single pulse with width equal to 2 cycles of FO Part is Static Sensitive, Voltage Must be Ramped - iT 
F1 is left Low after pulse burst Resistors: 320. 
NOTE: F1 pulse occurs after start of FO and ends before FO. R1 = 10kQ + 10% (Pins 6, 7, 11-13, 16-19) 
Input levels: 0.9VDD < VIH < VDD, -0.3V < VIL <0.7V R2 = 2.7kQ + 10% (Pins 1, 2, 21-23, 26-30, 32-36, and LOADS) 
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HS-82C37ARH 


Irradiation Circuit 


TOGGLE 
CLOCK 


RESET © 
TOGGLE 


NOTE: 
1. R=47kQ 


2. Pins with Load: 3, 4, 8, 9, 10, 37-40 
Pins with Load2: 14, 15, 21-30 | 
Pins Brought Out: 12 (Clock), 13 (Reset) 


3. VDD = 5.5V + 0.5V 
4. All Group E testing is performed in the Sidebrazed Ceramic DIP 
5. Group E sample size is 2 dice per wafer 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 

X-Ray Inspection Method 2012 (Two Views) 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 
+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-In Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 
+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 
Electrical Tests +125°C, -55°C 
Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 
Brand 
Customer Source Inspection (Note 1) 
Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


1. These steps are optional, and if desired, should be indicated on the purchase order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4, ‘-Q’ Data Pack Contains: 

Cover Sheet 

a) Purchase Order Number 

b) Customer Part Number 

c) Lot Date Code 

d) Harris Part Number 

e) Lot Number 

f) Quantity 
Certificate of Conformance (as found on shipper). 
Shippable serial number list. 
Test Attributes (including Group A) for all test temperatures. 


5. Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO) 
+25°C Interim Test (T1) 
+25°C Final Test (T2) 
All +25°C Deita’s (T1-T0, T2-TO) 
+125°C Final Test 
-55°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray Report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Harris - ‘-8’ Flow 

Internal Visual Inspection a3 
Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 


Dynamic Burn-In 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Electrical Tests +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 
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1. These steps are optional, and if desired, should be indicated on the purchase. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. '-8' Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 


DIE DIMENSIONS: 
215 x 232 mils x19+1 mil 


METALLIZATION: 


Type: AI/Si 
Thickness: 


i. 


GLASSIVATION: 
Thickness: gkA + 1KA 


DIE ATTACH: 


Material: Gold 


WORST CASE CURRENT DENSITY: 
7.9 x 10* A/cm? 


Metallization Mask Layout 
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DB5 (23) 


DACK1 (24) 
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DACKo (25) | MFMEes 


_ (34) A2 


(33) A1 - | 


(32) AO 
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(29) DB1 
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HS-82C37ARH 


Functional Description 


The HS-82C37ARH Direct Memory Access Controller is 
designed to improve the data transfer rate in systems which 
must transfer data from an !/O device to memory, or move a 
block of memory to an I/O device. It will also perform mem- 
ory-to-memory block moves, or fill a block of memory with 
data from a single location. Operating modes are provided to 
handle single byte transfers as well as discontinuous data 
streams, which allows the HS-82C37ARH to control data 
movement with software transparency. 


The DMA controller is a state-driven address and control sig- 
nal generator, which permits data to be transferred directly 
from an I/O device to memory or vice versa without ever 
being stored in a temporary register. This can greatly 
increase the data transfer rate for sequential operations, 
compared with processor moves or repeated string instruc- 
tions. Memory-to-Memory operations require temporary 
internal storage of the data byte between generation of the 
source and destination addresses, so Memory-to-Memory 
transfers take place at less than half the rate of I/O opera- 
tions, but still much faster than with central processor tech- 
niques. The maximum data transfer rate obtainable with the 
HS-82C37ARH is approximately 2.5 Mbytes/second, for an I/O 
operation using the compressed timing option and 5MHz clock. 


The block diagram of the HS-82C37ARH is shown on page 
2. The Timing and Control Block, Priority Block, and internal 
registers are the main components. Figure 8 lists the name 
and size of the internal registers. The Timing and Control 
Block derives internal timing from the CLOCK input, and 
generates external control signals. The Priority Encoder 
Block resolves priority contention between DMA channels 
requesting service simultaneously. 


FIGURE 1. HS-82C37ARH INTERNAL REGISTERS 


DMA Operation 


In a system, the HS-82C37ARH address and control outputs 
and data bus pins are basically connected in parallel with the 
system busses. An external latch is required for the upper 


address byte. While inactive, the controller's outputs are ina 
high impedance state. When activated by a DMA request 
and bus control is relinquished by the host, the HS- 
82C37ARH drives the busses and generates the control sig- 
nals to perform the data transfer. The operation performed 
by activating one of the four DMA request inputs has previ- 
ously been programmed into the controller via the Com- 
mand, Mode, Address, and Word Count Registers. 


For example, if a block of data is to be transferred from RAM 
to an I/O device, the starting address of the data is loaded 
into the HS-82C37ARH Current and Base Address Regis- 
ters for a particular channel, and the length of the block is 
loaded into that channel’s Word Count Register. The corre- 
sponding Mode Register is programmed for a Memory-to-I/O 
operation (read transfer), and various options are selected 
by the Command Register and other Mode Register bits. 
The channel’s mask bit is cleared to enable recognition of a 
DMA request (DREQ). The DREQ can either be a hardware 
signal or a software command. 


Once initiated, the block DMA transfer will proceed as the 
controller outputs the data address, simultaneous MEMR 
and IOW pulses, and selects an I/O device via the DMA 
acknowledge (DACK) outputs. The data byte flows directly 
from the RAM to the I/O device. After each byte is trans- 
ferred, the address is automatically incremented (or decre- 
mented) and the word count is decremented. The operation 
is then repeated for the next byte. The controller stops trans- 
ferring data when the Word Count Register underflows, or an 
external EOP is applied. 


To further understand HS-82C37ARH operation, the states 


generated by each clock cycle must be considered. The . 


DMA controller operates in two major cycles, Active and Idle. 
After being programmed, the controller is normally Idle until 
a DMA request occurs on an unmasked channel, or a soft- 
ware request is given. The HS-82C37ARH will then request 
control of the system busses and enter the Active cycle. The 
Active cycle is composed of several internal states, depend- 
ing on what options have been selected and what type of 
operation has been requested. 


The HS-82C37ARH can assume seven separate states, 
each composed of one full clock period. State | (SI) is the 
Idle state. It is entered when the HS-82C37ARH has no valid 
DMA requests pending, at the end of a transfer sequence, or 
when a Reset or Master Clear has occurred. While in Sl, the 
DMA controller is inactive but may be in the Program Condi- 
tion (being programmed by the processor.) -- 


State 0 (SO) is the first state of a DMA service. The HS- 
82C37ARH has requested a hold but the processor has not 
yet returned an acknowledge. The HS-82C37ARH may still 
be programmed until it has received HLDA from the CPU. An 
acknowledge from the CPU will signal that DMA transfers 
may begin. S1, S2, S3 and S4 are the working states of the 
DMA service. If more time is needed to complete a transfer 
than is available with normal timing, wait states (SW) can be 
inserted between S2 or S3 and S4 by the use of the Ready 
line on the HS-82C37ARH. _ 


11-67 | 


uPROCESSOR 


PERIPHERALS 


HS-82C37ARH 


Note that the data is transferred directly from the the I/O device 
to memory (or vice versa) with IOR and MEMW (or MEMR 
and IOW) being active at the same time. The data is not read 
into or driven out of the HS-82C37ARH in ene or 
memory-to-l/O DMA transfers. 


Memory-to-Memory transfers require a read-from and a 
write-to-memory to complete each transfer. The states, 
which resemble the normal working states, use two-digit 
numbers for identification. Eight states are required for a sin- 
gle transfer. The first four states (S11, S12, S13, S14 are 
used for the read-from-memory half and the last four states 
(S21, S22, S23, S24) for the write-to-memory half of the 
transfer. 


Idle Cycle 


When no channel is requesting service, the HS-82C37ARH 
will enter the Idle cycle and perform “SI” states. In this cycle, 
the HS-82C37ARH will sample the DREQ lines on the falling 
edge of every clock cycle to determine if any channel is 
requesting a DMA service. 


' Note that for standby operation where the clock has been 
stopped, DMA requests will be ignored. The device will 
respond to CS (chip select), in case of an attempt by the 
microprocessor to write or read the internal registers of the 
HS-82C37ARH. When CS is low and HLDA is low, the HS- 
82C37ARH enters the Program Condition. The CPU can 
now establish, change or inspect the internal definition of the 
. part by reading from or writing to the internal registers. 


The HS-82C37ARH may be programmed with the clock 
stopped, provided that HLDA is low and at least one rising 
clock edge has occurred after HLDA was driven low, so the 
controller is in an SI state. Address lines A0-A3 are inputs to 
the device and select which registers will be read or written. 
The IOR and IOW lines are used to select and time the read 
or write operations. Due to the number and size of the inter- 
nal registers, an internal flip-flop is used to generate an addi- 
tional bit of address. The bit is used to determine the upper 
- or lower byte of the 16-bit Address and Word Count Regis- 
ters. The flip-flop is reset by Master Clear or Reset. Separate 
software commands can also set or reset this flip-flop. 


Special software commands can be executed by the HS- 
82C37ARH ‘in the Program Condition. These commands are 
decoded as sets of addresses with CS, IOR, and IOW. The 
commands do not make use of the data bus. Instructions 
include Set and Clear First/Last Flip-Flop, Master Clear, 
Clear Mode Register Counter, and Clear Mask Register. 


Active Cycle 


When the HS-82C37ARH is in the Idle cycle, and a software 
request or an unmasked channel requests a DMA service, 
the device will output an HRQ to the microprocessor and 
- enter the Active cycle. It is in this cycle that the DMA service 
will take place, in one of four modes: 


Single Transfer Mode - In Single Transfer mode, the device 
is programmed to make one transfer only. The word count 
will be decremented and the address decremented or incre- 
mented following each transfer. When the word count “rolls 
over” from zero to FFFFH, a terminal count (TC) bit in the 


Status Register is set, an EOP pulse is generated, and the 
channel will Autoinitialize if this option has been selected. If 
not programmed to Autoinitialize, the mask bit will be set, 
along with the TC bit and EOP pulse. 


DREQ must be held active until DACK becomes active. If 
DREQ is held active throughout the single transfer (there-by 
triggering a second transfer), HRQ will still go inactive and 
release the bus to the system. Then it will again go active 
and, upon receipt of a new HLDA, another single transfer will 
be performed, unless a higher priority channel takes over. In 
HS-80C85RH or HS-80C86RH systems, this will ensure one 
full machine cycle execution between DMA transfers. Details 
of timing between the HS-82C37ARH and other bus control 
protocols will depend upon the characteristics of the micro- 
processor involved. 


Block Transfer Mode - In Block Transfer Mode, the device is 


_activated by DREQ or software request and continues mak- 


ing transfers during the service until.a TC, caused by word 
count going to FFFFH, or an external End of Process (EOP) 
is encountered. DREQ need only beheld active until DACK 
becomes active. Again, an Autoinitialization will occur at the 
end of the service if the channel has been programmed for 
that option. 


Demand Transfer Mode - In Demand Transfer Mode the 
device continues making transfers until a TC or external 
EOP is encountered, or until DREQ goes inactive. Thus, 
transfers may continue until the I/O device has exhaust edits 
data capacity. After the I/O device has had a chance to catch 
up, the DMA service is reestablished by means of a DREQ. 
During the time.between services when the micro-processor 


is allowed to operate, the intermediate values of address and 


word. count are stored in the HS-82C37ARH Current 
Address and Current Word Count Registers. Higher priority 
channels may intervene in the demand process, once DREQ 
has gone inactive. Only an EOP can cause an Autoinitializa- 
tion at the end of the service. EOP is gengiaice either by TC 
or by an external signal. 


Cascade Mode - This mode is used to cascade more than 


one HS-82C37ARH for simple system expansion. The HRQ 


and HLDA signals from the additional HS-82C37ARH are 
connected to the DREQ and DACK signals. respectively of a 
channel for the initial HS-82C37ARH. This allows the DMA 
requests of the additional device to propagate through the 
priority network circuitry of the preceding device. The priority 
chain is preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade channel of the 
initial HS-82C37ARH is used only for prioritizing the addi- 
tional device, it does not output an address or control signals 
of its own so that there is no conflict with the cascaded 
device. The HS-82C37ARH will respond to DREQ and gen- 
erate DACK but all other outputs except HRQ will be dis- 
abled. An external EOP will be ignored by the initial device, 
but will have the usual effect on the added device. 


Figure 9 shows two additional devices cascaded with an ini- 
tial device using two of the previous channels. This forms a 
two-level DMA system.. More HS-82C37ARHs could be 
added at the second level by using the remaining channels 
of the first level. Additional devices can also be added by 
cascading into the channels of the second level devices, 
forming a third level. 
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FIGURE 9. CASCADED HS-82C37ARHs 


‘When programming cascaded controllers, start with the first 
level (closest to the microprocessor). After RESET, the 
DACK outputs are programmed to be active low and are held 
in the high state. If they are used to drive HLDA directly, the 
second level device(s) cannot be programmed until DACK 
polarity.is selected as active high on the initial device. Also, 
the initial device’s mask bits function. normally on cascaded 
channels, so they may be used to inhibit second-level services. 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Ver- 
ify. Write transfers move data from an I/O device to the mem- 
ory by activating MEMW and IOR. Read transfers move data 
from memory to an I/O device by activating MEMR and 1OW. 


Verify transfers are pseudo-transfers. The HS-82C37ARH 
operates as in Read or Write transfers generating addresses 
and responding to EOP, etc., however the memory and I/O 
control lines all remain inactive. Verify mode is-not permitted 
for Memory-to-Memory operation. Ready.is ignored during 
Verify transfers. 


Autoinitialize - By programming a bit in the Mode Register, 
a channel may be set up as an Autoinitialize channel. During 
Autoinitialization, the original. values of the Current Address 
and. Current’ Word. Count Registers .are automatically 
restored from the Base Address and Base Word Count Reg- 
isters of that channel following EOP. The base registers are 
loaded simultaneously with the current registers by the 
microprocessor and remain unchanged throughout the DMA 
service. The mask bit is not set when the channel is in Auto- 
initialize. Following Autoinitialization, the channel is ready to 
perform another DMA service, without CPU intervention, as 
soon as a valid DREQ is detected, or software request made. 


Memory-to-Memory - To perform block moves of data from 
one memory address space to another with minimum of pro- 
gram effort and time, the HS-82C37ARH includes a Mem- 


ory-to-Memory transfer feature. Programming a bit in the 
Command Register selects channels 0 and 1 to operate as 
Memory-to-Memory transfer channels. 


The transfer is initiated by setting the software or hardware 
DREQ for channel 0. The HS-82C37ARH requests a DMA 
service in the normal manner. After HLDA is true, the device, 
using four-state transfers in Block Transfer Mode, reads data 
from the memory. The channel O Current Address Register 
is the source for the address used and is decremented or 
incremented in the normal manner. The data byte read from 
the memory is stored in the HS-82C37ARH internal Tempo- 
rary Register. Another four-state transfer moves the data to 
memory using the address in channel 1’s Current Address 
Register and incrementing or decrementing it in the normal 
manner. The channel 1 Current Word Count Register is dec- 
remented. 


When the word count of channel 1 goes to FFFFH, a TC is 
generated causing an EOP output terminating the service. 
Channel 0 word count decrementing to FFFFH will not set 
the channel 0 TC bit in the Status Register or generate an 
EOP in this mode. It will cause an Autoinitialization of chan- 
nel 0, if that option has been selected. 


lf full Autoinitialization for a Memory-to-Memory operation is 
desired, the channel 0 and channel 1 word counts must be 
set equal before the transfer begins. Otherwise, if channel 0 
underflows before channel 1, it will Autoinitialize and set the 
data source address back to the beginning of the block. If the 
channel 1 word count underflows before channel 0, the 
Memory-to-Memory DMA service will terminate, and chan- 
nel 1 will Autoinitialize but channel 0 will not. 


In Memory-to-Memory Mode, Channel 0 may be pro- 
grammed to retain the same address for all transfers. This 
allows a single byte to be written to a block of memory. This 
channel O address hold feature is selected by bit 1 in the 
Command Register. : 


The HS-82C37ARH will respond to external EOP signals 
during Memory-to-Memory transfers; but will only relinquish 
the system busses after the transfer is complete (i.e., after 
an S24 state). Data comparators in block search schemes 
may use this input to. terminate the service when a match is 
found. The timing of Memory-to-Memory transfers is found in 
Figure 5. Memory-to-Memory operations can be detected as 
an active AEN with no DACK outputs. 


Priority - The HS-82C37ARH has two types of priority 
encoding available as software selectable options. The first 
is Fixed Priority which fixes the channels in priority order 
based upon the descending value of their numbers. The 
channel with the lowest priority is 3 followed by 2, 1 and the 
highest priority channel, 0. After the recognition of any one 
channel for service, the other channels are prevented from 
interfering with the service until it is completed. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel with the oth- 
ers rotating accordingly. The next lower channel from the 
channel serviced has highest priority on the following 
request: Priority rotates every time control of the system 
busses is returned to the processor. 


11-69 


uPROCESSOR 
PERIPHERALS 


HS-82C37ARH 


Rotating Priority 
1sr 2nd ard 
Service Service _ Service 
Highest 0 2—<— service 3 ~<— service 
1 ~~ service 3 ~<— request 0 
2 | \o | 1 
Lowest 3 » 1 y 2 


With Rotating Priority in a single chip DMA system, any 
device requesting service is guaranteed to be recognized 
after no more than: three higher priority services have 
occurred. This prevents any one channel from monopolizing 
the system. | 


Regardless of which priority scheme is chosen, priority is 
evaluated every time a HLDA is returned to the 
HS-82C37ARH. | | 


Compressed Timing - 
throughput where system characteristics permit, the HS- 
82C37ARH. can compress the transfer time to two clock 
cycles. From Figure 4 it can be seen that state S3 is used to 
extend the access time of the read pulse. By removing state 
S3, the read pulse width is made equal to the write pulse 


width and a transfer consists only of state S2 to change the | 


address and state S4 to perform the read/write. S1 states 
will. still occur. when A8-A15 need updating (see Address 
Generation). Timing for compressed transfers is found in 
Figure 7. EOP will be output in S2 if compressed timing is 


selected. Compressed Timing is not allowed for i 7 


Memory transfers. 


Address Generation - In order to reduce pin count, the HS- 
82C37ARH multiplexes the eight higher order address bits 
on the data lines. State S1 is used to output the higher order 
address bits to an external latch from which they may be 
placed on the address bus. The falling edge of Address 
Strobe (ADSTB) is used to load these bits from the data 
lines to the latch. Address Enable (AEN) is used to enable 
the bits onto the address bus through a three-state enable. 
The lower order address bits are output by. the HS- 
82C37ARH directly. Lines AO-A7 should be connected to the 
address bus. Figure 4 shows the time relationships between 
CLK, AEN, ADSTB, DBO-DB7 and A0-A7. 


During Block and Demand Transfer Mode service, which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place in 
the normal sequence of addresses. To save time and speed 
transfers, the HS-82C37ARH executes $1 states only when 
updating of A8-A15 in the latch is necessary. This means for 
long services, S1 states and Address Strobes may occur 
only once every 256 transfers, a Savings © of 255 clock 
cycles for each 256 transfers. _ 


In order to achieve even greater 


Programming 


The HS-82C37ARH will accept programming from the host 
processor anytime that HLDA is inactive, and at least one 
rising clock edge has occurred after HLDA went low. It is the 
responsibility of the host to assure that programming and 
HLDA are mutually exclusive. 


Note that.a problem can occur if a DMA request occurs on 


an.unmasked channel while the HS-82C37ARH is being pro- 
grammed. For instance, the CPU may be starting to repro- 
gram the two byte Address Register of channel 1 when 
channel 1 receives a DMA request. If the HS-82C37ARH is 
enabled (bit 2 in the command register is 0), and channel 1 
is unmasked, a DMA service will occur after only one byte of 
the Address Register has been reprogrammed. This condi- . 
tion can be avoided by disabling the controller (setting bit 2 
in the Command Register) or masking the channel before 
programming any of its registers. Once the programming is 
complete, the controller can be enabled/unmasked. 


After power-up it is suggested that all internal locations be 
loaded with some known value, even if some channels are 
unused. This will aid in debugging. 


Register Description 

Current Address Register - Each channel has a 16-bit Cur- 
rent Address Register. This register holds the value of the 
address used during DMA transfers. The address is auto- 
matically incremented or decremented after each transfer 
and the values of the address are stored in the Current 
Address Register during the transfer. This register is written 
or read by the microprocessor in successive 8-bit bytes. It 
may also be reinitialized by an Autoinitialize back to its origi- 
nal value. Autoinitialize takes place only after an EOP. In 
Memory-to-Memory Mode, the channel 0 Current Address 
Register can be prevented from incrementing or decrement- 


ing by setting the address hold bit in the Command Register. 


Current Word Register - Each channel has a 16-Bit Current 
Word Count Register. This register determines the number . 
of transfers to be performed. The actual number of transfers 
will be one more than the number programmed in the Cur- 
rent Word Count Register (i.e., programming a count of 100 © 
will result in 101 transfers). The word count is decremented 
after each transfer. When the value in the register goes from 
zero to FFFFH, a TC will be generated. This register is 
loaded or read in successive 8-bit bytes by the microproces- 
sor in the Program Condition. Following the end of a DMA 
service it may also be reinitialized by an Autoinitialization 
back to its original value. Autoinitialization can occur only 
when an EOP occurs. If it is not Autoinitialized, this register 
will have a count of FFFFH after TC. 


Base Address and Base Word Count Registers - Each 
channel has a pair of Base Address and Base Word Count 
Registers. These 16-bit registers store the original value of 
their associated current registers. During Autoinitialization, 
these values are used to restore the current registers to their 
original values. The base registers are written simulta- 
neously with their corresponding current register in 8-bit 
bytes in the Program Condition by the microprocessor. 
These registers cannot be read by the microprocessor. 
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Mask Register - Each channel has associated with it a 
mask bit which can be set to disable an incoming DREQ. 
Each mask bit is set when its associated channel produces 
an EOP if the channel is not programmed to Autoinitialize. 
Each bit of the 4-bit Mask Register may also be set or 
cleared separately or simultaneously under soft-ware con- 
trol. The entire register is also set by a Reset or Master 
Clear. This disables all hardware DMA requests until a clear 
Mask Register instruction allows them to occur. The instruc- 
tion to separately set or clear the mask bits is similar in form 
to that used with the Request Register. Refer to the following 
table and Figure 10 for details. When reading the Mask Reg- 
ister, bits 4-7 will always read as logical ones, and bits 0-3 
will display the mask bits of channel 0-3, respectively. The 4 
bits of the Mask Register may be cleared simultaneously by 
using the Clear Mask Register command (see software com- 
mands section). 


Mask Register 


BIT NUMBER 


SELECT CHANNEL 0 MASK BIT 
SELECT CHANNEL 1 MASK BIT 
SELECT CHANNEL 2 MASK BIT 
SELECT CHANNEL 3 MASK BIT 


CLEAR MASK BIT 
SET MASK BIT 


All four bits of the Mask Register may also be written with a 
single command. 


BIT NUMBER 


DON’T CARE, 
WRITE ALL 
ONES, 
READ 


0 CLEAR CHANNEL 0 MASK BIT 
1 SET CHANNEL 0 MASK BIT 


0 CLEAR CHANNEL 1 MASK BIT 
1 SET CHANNEL 1 MASK BIT 


0 CLEAR CHANNEL 2 MASK BIT 
1 SET CHANNEL 2 MASK BIT 


0 CLEAR CHANNEL 3 MASK BIT 
1 SET CHANNEL 3 MASK BIT 


Mode Register - Each channel has a 6-bit Mode Register 
associated with it. When the register is being written to by 
the microprocessor in the Program Condition, bits O and 1 
determine which channel Mode Register is to be written. 
When the processor reads a Mode Register, bits 0 and 1 will 
both be ones. See the adjacent table and Figure 10 for Mode 
Register functions and addresses. 


Mode Register 


BIT NUMBER 


CHANNEL 0 SELECT 
CHANNEL 1 SELECTT 
CHANNEL 2 SELECT 
CHANNEL 3 SELECT 
READBACK 


VERIFY TRANSFER 
WRITE TRANSFER 
READ TRANSFER 
ILLEGAL 

IF BITS 6 AND 7 = 11 


AUTOINITIALIZATION DISABLE 
AUTOINITIALIZATION ENABLE 


ADDRESS INCREMENT SELECT 
ADDRESS DECREMENT SELECT 


DEMAND MODE SELECT 
SINGLE MODE SELECT 
BLOCK MODE SELECT 
CASCADE MODE SELECT 


Request Register - The HS-82C37ARH can respond to 
requests for DMA service which are initiated by software as 
well as by a DREQ. Each channel has a request bit associ- 
ated with it in the 4-bit Request Register. These are non- 
maskable and subject to prioritization by the Priority Encoder 
network. Each register bit is set or reset separately under 
software control. The entire register is cleared by a Reset. To 
set or reset a bit, the software loads the proper form of the 
data word. See Figure 10 for register address coding, and 
the following table for Request Register format. A software 
request for DMA operation can be made in Block or Single 
Modes. For Memory-to-Memory transfers, the software 
request for channel O should be set. When reading the 
Request Register, bits 4-7 will always read as ones, and bits 
0-3 will display the request bits of channels 0-3 respectively. 


Request Register 


BIT NUMBER 


00 SELECT CHANNEL 0 
01 SELECT CHANNEL 1 


DON’T CARE, 
WRITE BITS 4-7 


ALL ONES, READ 10 SELECT CHANNEL 2 


11. SELECT CHANNEL 3 


0 RESET REQUEST BIT 
4 SET REQUEST BIT 
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Command Register - This 8-bit register controls the 


operation of the HS-82C37ARH. It is programmed by the 
microprocessor and is cleared by Reset or a Master Clear 
instruction. The adjacent table lists the function of the 
command bits. See Figure 10 for Read and Write addresses. 


Command Register 


7]s}s}a}sfa}ito| 


BIT NUMBER | 


MEM-TO-MEM DISABLE 
MEM-TO-MEM ENABLE 


CH. 0 ADDR. HOLD DISABLE 
CH. 0 ADDR. HOLD ENABLE 
IF BITO=0 . 


CONTROLLER ENABLE 
CONTROLLER DISABLE 


NORMAL TIMING 
COMPRESSED TIMING 
IFBITO=1 


FIXED PRIORITY 
ROTATING PRIORITY 


LATE WRITE SELECTION 
EXTENDED WRITE SEL. 
IF BIT 3= 1 


DREQ SENSE ACTIVE HIGH 
DREQ SENSE ACTIVE LOW 


DACK SENSE ACTIVE LOW 
DACK SENSE ACTIVE HIGH 


=o *=“o “$0 Xx*=“o “oO 


=o «—-~o 


=o 


Read Status Register 


Write Request Register 
Read Command Register | 


Set Byte Pointer F/F 
Clear Byte Pointer F/F 


Read Temporary Register 


Master Clear 


LOPERATION | asf ae a to 


Status Register - The Status Register contains information 
about the present status of the HS-82C37ARH and can be 
read by the microprocessor. This information includes which 
channels have reached a terminal count and which channels 
have pending DMA requests. Bits 0-3 are set every time a 
TC is reached by that channel or an external EOP is applied. 
These bits are cleared upon Reset, Master Clear, and on 
each Status Read. Bits 4-7 are set whenever their corre- 
sponding channel is requesting service, regardless of the 
mask bit state. If the mask bits are set, software can poll the 
Status Register to determine which channels have DREQs, 
and selectively clear a mask bit, thus allowing user defined 
service priority. Status bits 4-7 are updated while the clock is 
high, and latched on the falling edge. Status Bits 4-7 are 
cleared upon Reset or Master Clear. - : | 


Status Register 
BIT NUMBER 


CHANNEL 0 HAS REACHED TC 
CHANNEL 1 HAS REACHED TC 
CHANNEL 2 HAS REACHED TC 
CHANNEL 3 HAS REACHED TC 


ah wh ah oh 


CHANNEL 0 REQUEST 
CHANNEL 1 REQUEST 
CHANNEL 2 REQUEST 
CHANNEL 3 REQUEST 


ah wh ah oth 


Temporary Register - The Temporary Register is used to 
hold data during Memory-to-Memory transfers. Following the 
completion of the transfer, the last word moved can be read 
by the microprocessor by accessing this register. The Tem- 
porary Register always contains the last byte transferred in 
the previous Memory-to-Memory operation, unless cleared 
by a Reset or Master Clear. 


FIGURE 10. SOFTWARE COMMAND CODES AND REGISTER CODES 
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Software Commands 


There are special software commands which can be exe- 
cuted by reading or writing to the HS-82C37ARH. These 
commands do not depend on the specific data pattern on the 
data bus, but are activated by the I/O operation itself. On 
read type commands, the data value is not guaranteed. 
These commands are: 


Clear First/Last Flip-Flop: This command is executed prior 
to writing or reading new address or word count information 
to the HS-82C37ARH. This initializes the flip-flop to a known 
state so that subsequent accesses to register contents by 
the microprocessor will address upper and lower bytes in the 
correct sequence. 


Set First/Last Flip-Flop: This command will set the flip-flop 
to select the high byte first on read and write operations to 
Address and Word Count registers. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
and Temporary Registers, and Internal First/Last Flip-Flop 
and Mode Register Counter are cleared and the Mask Reg- 
ister is set. The HS-82C37ARH will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits 
of all four channels, enabling them to accept DMA requests. 


OPERA 
CHANNEL REGISTER TION 


Current Address 
Base and Current Word Write 
Count — 

Current Word Count 
Base and Current Write 
Address 

Current Address 
Base and Current Word Write 
Count 

Current Word Count 


Current Address 
Base and Current Word Write 
Count 

Current Word Count 
Base and Current Write 
Address 

Current Address 
Base and Current Word Write — 
Count 

Current Word Count 


INTERNAL 
LCS | ion | iow | a3 | Az | At | AO | FLIP-FLOP 


Base and Current Write A0-A7 
Address A8-A15 


Base and Current Write 1 
Address . 1 
1 
1 
1 
1 
1 
1 
1 
1 


Clear Mode Register Counter: Since only one address 
location is available for reading the Mode Registers, an inter- 
nal two-bit counter has been included to select Mode Regis- 
ters during read operations. To read the Mode Registers, 
first execute the Clear Mode Register Counter command, 
then do consecutive reads until the desired channel is read. 
Read order is channel 0 first, channel 3 last. The lower two 
bits on all Mode Registers will read as ones. 


External EOP Operation 


The EOP pin is a bidirectional, open drain pin which may be 
driven by external signals to terminate DMA operation. 
Because EOP is an open drain pin an external pull-up resis- 
tor is required. The value of the external pull-up resistor used 
should guarantee a rise time of less than 125ns. It is impor- 
tant to note that the HS-82C37ARH will not accept external 
EOP signals when it is in an_Sl (Idle)state. The controller 
must be active to latch EXT EOP. Once latched, the EXT 
EOP will be acted upon during the next S2 state, unless the 
HS-82C37ARH enters an Idle state first. In the latter case 
the latched EOP is cleared. External EOP pulses occurring 
between active DMA transfers in demand mode will not be 
recognized, since the HS-82C37ARH is in an SI state. 


DATA BUS 
DBO-DB7 


A0-A7 
A8-A15 
W0-W7 
W8-W15 


W0-W7 
W8-W15 


A0-A7 
A8-A15 
A0-A7 
A8-A15 
W0-W7 
W8-W15 

WO- 
W8-W15 


0 
1 
1 
1 
0 
1 
1 
1 
0 AO-A7 
1 A8-A15 
1 0 
1 1 
0 
1 
0 
1 


s 


A0O-A7 
A8-A15 


WwoO- 
W8-W15 


WO- 
W8-W15 


A0O-A7 
A8-A15 
A0-A7 
A8-A15 
WO- 
W8-W15 
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FIGURE 11. WORD COUNT AND ADDRESS REGISTER COMMAND CODES 
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Application Information 


Figure 12 shows an application for a DMA system utilizing 
the HS-82C37ARH DMA controller and the HS-80C86RH 
Microprocessor. In this application, the HS-82C37ARH DMA 
controller is used to improve system performance. by allow- 
ing an I/O device to transfer data areal to or from ical 
memory. 


Components 


The system clock is generated by the HS- 82C85RH clock 
controllers generator and is inverted to meet the clock high 
and low times required by the HS-82C37ARH DMA control- 
ler. The four OR gates are used to support the HS-80C86RH 
Microprocessor in minimum mode by producing the control 
signals used by the processor to access memory or I/O. A 
decoder is used to generate chip select for the DMA control- 
ler and memory. The HS-82C37ARH multiplexes the most 
significant bits of the address on its data outputs (DBO - 7), 
so the 82C82 octal latch is used to demultiplex the address. 
A three-state inverter is used to generate the BHE signal 
using the AO output of the HS-82C37ARH. Hold Acknowl- 


HS-82C85RH 


edge (HLDA) and Address Enable (AEN) are “ORed” 
together and used to deactivate the microprocessors 82C82 
transceiver to insure that the DMA controller does not have 
bus contention with the microprocessor. 


Operation 


A DMA request (DREQ) is generated by the I/O device. After 
receiving the DMA request, the DMA controller will issue a 
Hold Request (HRQ) to the processor. The system busses 
are not released to the DMA controller until a Hold Acknowl- 
edge (HLDA) signal is returned to the DMA controller from 
the HS-80C86RH processor. After the Hold Acknowledge 
has been received, addresses and control signals are gener- 
ated by the DMA controller to accomplish the DMA transfers. 
Data is transferred directly from the I/O device to memory (or 
vice versa) with IOR and MEMW (or MEMR and 1OW) being 
active. Note that data is not read into or driven out of the 
DMA controller in 1/O-to-Memory or Memory-to-I/O data 
transfers. 


VDD 


DECODER 


HS-82C37ARH 


ADDRESS 
BUS 


DATA BUS 


ADDRESS BUS 
vO 
DEVICE 
cs 


DATA BUS 


g 


fe) 
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FIGURE 12. APPLICATION FOR DMA SYSTEM 
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Sorcha HS-82C54RH 


Radiation Hardened CMOS 


uD 


December 1992 | | Programmable Interval Timer 
Features Pinouts 
¢ Radiation Hardened _. 24PIN BRAZED SEAL DIP 
- 5 CASE OUTLINE D3, CONFIGURATION 3 
Total Dose > 10° RAD(Si) zie tee 


- Transient Upset > 10° RAD(Si)sec 
- Latch Up Free EPI-CMOS 
- Functional After Total Dose 1 x 10° RAD(SI) 


e Low Power Consumption 
- IDDSB = 20HA 
- IDDOP = 12mA 


¢ Pin Compatible with NMOS 8254 and the Harris 82C54 


High Speed, “No Wait State” Operation with 5MHz 
HS-80C86RH 


e Three Independent 16-Bit Counters 


e Six Programmable Counter Modes 


e Binary or BCD Counting 


e Status Read Back Command 


24 PIN BRAZED SEAL FLATPACK 


e Hardened Field, Self-Aligned, Junction Isolated CMOS CASE OUTLINE F6A, CONFIGURATION 2 
Process TOP VIEW 
e Single 5V Supply D7 ——2e——j 1° 24 F201 VoD 
e Military Temperature Range -55°C to +125°C = ae —— 5 
. oy 16S 
Description bD3—— —aat 
D2 ——— —I Ao 
The Harris HS-82C54RH is a high performance, radiation . —— — CLK2 
hardened CMOS version of the industry standard 8254 and po ——J OUT2 
is manufactured using a hardened field, self-aligned silicon CLK o ——1 GATE 2 
gate CMOS process. It has three independently programma- ouToc— —I CLK 1 
ble and functional 16-bit counters, each capable of handling | gateo Ga ——I GATE 1 
clock input frequencies of up to 5MHz. Six programmable GND C—22—— 12 13 E——2e——— OuT1 
timer modes allow the HS-82C54RH to be used as an event o a | 
counter, elapsed time indicator, a programmable one-shot, o < 
or for any other timing application. The high performance, 1 iT 
' radiation hardness, and industry standard configuration of Se) 7 
the HS-82C54RH make it compatible with the HS-80C86RH oe 
radiation hardened microprocessor. Qo. ul 
Static CMOS circuit design insures low operating power. The 
Harris hardened field CMOS process results in performance 
equal to or greater than existing radiation resistant products 
at a fraction of the power. 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3043 


Copyright © Harris Corporation 1992 11-75 


HS-82C54RH 


Pin Description 


PIN 
SYMBOL | NUMBER DESCRIPTION 
VO 


[oroo |i | 0 [orth stern teesnsctnsntes ener bonenaanmes | 
3 


ADDRESS: Select inputs for one of the three counters or Control Word Register for read/write 
operations. Normally connected to the system address bus. 


Selects 


0 0 Counter 0 
0 1 Counter 1 
1 0 Counter 2 
1 1 Control Word Register 


CHIP SELECT: Alow on this input enables the HS-82C54RH to respond to AD and WA signals. 
RD and WR are ignored otherwise. 


READ: This input is low during CPU read operations. 


ss 
ae 
mee 
paea 
Peete 
Oo 
ae 
Le 
ees 
ee 
= 
a 
a ae WRITE: This input is low during CPU write operations. 


VDD: The +5V power supply pin. A 0.1pF capacitor between pins 12 and 24 is recommended}: 
for decoupling. 


INTERNAL BUS 


ee 
ee 
pea 
= 
pe 
ze 
bs 
pes 
bones 
| 2 
x 


if 


CONTROL STATUS 
WORD LATCH 
REGISTER 


STATUS 
REGISTER 


DATA 
BUS 
BUFFER 


yg) 

_ 

mM 

wl 

< 
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ul ae ee 
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CONTROLE, {| 


GATE NY 
CLKN  OUTN 
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Specifications HS-82C54RH 


Absolute Maximum Ratings 


SUDDIY VONAGG oss fst esa cece Gao aw acs ante ae Sasa se +7.0V 
Input or Output Voltage 

Applied for all Grades............00000- VSS-0.3V to VDD+0.3V 
Storage Temperature Range ............e0ee -65°C to +150°C 
Junction Temperature............ tes Sac uet Glade rea +175°C 
Lead Temperature (Soldering 10s)...........cceeeeees +300°C 
Typical Derating Factor........... 2.4mMA/MHz Increase in IDDOP 
Esl) Classificailon 4:3 sc sdiweaceas Vea a eee oe ae as Class 1 


Reliability Information 


Thermal Resistance Bia Bic 
Brazed Seal DIP Package............ 58.5°C/WW 12.9°C/W 
Brazed Seal Flatpack Package ........ 72.7°CWW 10.2°C/W 

Maximum Package Power Dissipation at +125°C 
Brazed Seal DIP Package. ...... 2... cece cee eee eee 0.86W 
Brazed Seal Flatpack Package ..............eeeeeeee 0.64W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those Indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range............ cece eee +4.5V to +5.5V 
Operating Temperature Range...............- -55°C to +125°C 


Input Low Voltage (VIL)... 6... eee eee ee eee . -OV to.+0.8V 
Input High Voltage (VIH)............-.0606- VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


Standby Power Supply: 
Current 


10 = OmA, Counters 
Programmed 


IDDSB 
IDDOP — 


Operating Power Supply 
Current 


Functional Tests . 


Noise Immunity FN 
Functional Test 


CLK3 = 5MHz 


VIN = 0.8V.or VDD 


GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 

TTL Output High Current lIOH1 VDD = 4.5V, VO =3.0V, 
VIN = OV or 4.5V 

CMOST Output High IOH2 VDD = 4.5V, VO = 4.1V, 

Current VIN = OV or 4.5V 

Output Low Current OL VDD = 4.5V, VO = 0.4V, 
VIN = OV or 4.5V 

Input Leakage Current IL or IIH } VDD =5.5V, VIN = OV or 5.5V 
Pins: 9, 11, 14-16, 18-23 

Output Leakage Current lOZLor | VDD =5.5V, VIN = OV or 5.5V 

lIOZH Pins: 1-8 


VDD = 5.5V, VIN = GND or VDD 


VDD = 5.5V, VIN = GND or VDD 
lO = OmA, CLK1 = CLK2 = 


FT VDD = 4.5V and 5.5V, 7, 8A, 8B 
VIN = GND or VDD, f = 1MHz 


VDD = 5.5V, VIN = GND or 
VDD - 1.5 and VDD = 4.5V, 


LIMITS 

-55°C, +25°C, -2.5 
+125°C 

-55°C, +25°C, -100 
+125°C 

3 -55°C, +25°C, 
+125°C 
1,2,3 -55°C, +25°C, -1:0 1.0 

+125°C 

-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


rc 
> 


S 
ro) 
=, 
> 


-55°C, +25°C, 
+125°C 


1,2 


-55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


7, 8A, 8B 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 
AC's Tested at Worst Case VDD (s), Guaranteed Over Full Operating Range. 


RD Pulse Width TRLRH 


PARAMETERS SYMBOL CONDITIONS SUBGROUPS 
Address Stable Before TAVRL | VDD =4.5V +5.5V 9, 10, 11 -55°C, +25°C, 75 
RD +125°C 
CS Stable Before RD TSLRL | VOD =4.5V+5.5V 9, 10, 11 -55°C, +25°C, 

+125°C 
Address Hold Time After | TRHAX | VDD =4.5V+5.5V 9, 10, 11 -55°C, +25°C, 
RD +125°C 
i VDD = 4.5V + 5.5V 9, 10, 11 


LIMITS 


TEMPERATURE | MIN. | MAX | 


GROUP A 
UNITS 


-55°C, +25°C, 
+125°C 
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AC's Tested at Worst Case 


PARAMETERS 
Data Delay from RD 


Command Recovery 
Time 


WRITE CYCLE 


. Specifications HS-82C54RH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) - 
VDD (s), Guaranteed Over Full Operating Range. 


GROUP A 


SUBGROUPS | TEMPERATURE 


-55°C, +25°C, 
+125°C 


SYMBOL 


~ CONDITIONS 


TRLDV | VDD =4.5V+5.5V fae 
TRHRL | VDD =4.5V+5.5V -55°C, +25°C, 
2 | +125°C 


LIMITS 


¢c 
< 
| 
” 


Address Stable Before 
WR 


CS Stable Before WR 


Address Hold Time After 
WR 

WR Pulse Width 

Data Setup Time Before 


Data Hold Time After 


Command Recovery 
Time 


m8) ws) 


TAVWL | VDD =4.5V+5.5V -55°C, +25°C, 
ror +125°C 
TSLWL | VDD = 4.5V +5.5V 9, 10, 11 -55°C, +25°C, 
- +125°C 
TWHAX | VDD =4.5V +5.5V -5B°C, +25°C, 
+125°C 
TWLWH_ | VDD = 4.5V +5.5V | 9, 10, 11 -55°C, +25°C, | 240 
: . . +125°C 
TDVWH_ | VDD =4.5V +5.5V 9, 10, 11 55°C, +25°C, | 225 
. | +125°C 
TWHDX | VDD=4.5V+5.5V -55°C, +25°C, 
+125°C 
TWHWL | VDD=4.5V+55V0 eee -55°C, 425°C, laa 


+125°C 


CLOCK AND GATE | 


Clock Period 

High Pulse Width | 
Low Pulse Width 

Gate Width High | 

Gate Width Low 

Gate Setup Time to CLK 
Gate Hold Time After 
CLK 

Output Delay from CLK 
Output Delay from Gate 
Data Delay from Address 


Read 


Output Delay from WR 
High 


TCLCL | VDD =4.5V+5.5V -55°C, +25°C, 
+125°C © 

TCHCL | VDD =4.5V+5.5V 9, 10, 11 -55°C, +25°C, 
| +125°C 

TCLCH | VDD =4.5V+5.5V -55°C, +25°C, 
+125°C 

TGHGL | VDD =4.5V +5.5V -55°C, +25°C, 
+125°C 

TGLGH | VDD =4.5V+5.5V -55°C, +25°C, 

| +#125°C 

TGVCH | VDD =4.5V +5.5V 9, 10, 11 -55°C, +25°C, 
: +125°C 


TCHGX | VDD =4.5V + 5.5V -55°C, +25°C, 
. +125°C 

TCLOV | VDD =4.5V + 5.5V -55°C, +25°C, 
+125°C 

~ TGLOV | VDD =4.5V + 5.5V -55°C, +25°C, 
+125°C 

TAVAV VDD = 4.5V + 5.5V 9, 10, 11 -55°C, +25°C, 
. +125°C 

TWHOV | VDD =4.5V + 5.5V -55°C, +25°C, 
+125°C 
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


LIMITS 
PARAMETERS | SYMBOL CONDITIONS TEMPERATURE | MIN | MAX | UNITS 

Input Capacitance CIN VDD = Open, f = 1MHz, Ta = +25°C 15 pF 
All measurements referenced to device ground. . 

Output Capacitance COUT VDD = Open, f = 1MHz, Ta = +25°C 15 pF 
All measurements referenced to device ground. 

\/O Capacitance COUT | VDD = Open, f = 1MHz, Ta = +25°C 20 pF 
All measurements referenced to device ground. 


TIMING REQUIREMENTS 


[RoviOaarioat | Taro [voD=-aavenssey —~Ci«d OTs © [we] 
[cock icoTinw | TOHIOR? [VoO=asvenssvtovese” [aoc <naso | - [= | me 
[Goat Fairtine | Toric [voo=asvandsev.savetov | e0<ta<vase | | | ro 


NOTE: The parameters listed are controlled via design or process parameters and are not directly tested. These parameters are character- 
ized upon initial design release and upon design changes which would affect these characteristics. 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
NOTE: See +25°C limits in Table 1 and Table 2 for Post RAD limits (Sub Groups 1, 7 and 9). 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


+20pA or 10% of BBI Reading* 


* Which ever is greater. 


TABLE 6. APPLICABLE SUBGROUPS 


5s os ae a oR SS 
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AC Test Circuits AC Testing Input, Output Waveform 
7 . ae 
| R1 | INPUT | INPUT 
OUTPUT FROM 6. TEST 
DEVICE UNDER TEST POINT Mien 1.5V ae VOH 
| R2 i VIL -0.4V VOL 
* Includes stray and jig capacitance NOTE: AC Testing: All input signals must switch between VIL -0.4V 


and VIH +0.4V. Input rise and fall times are driven at ins/V. 


TEST CONDITION DEFINITION TABLE 


rerooonon [wi | | [a 
es 


Waveforms 
WRITE READ 
wo XC 
TAVWL—>- TWHAX 
cs 


Tsu —>| = 
“BUS || vu | | 
BUS 4 VALID » 


<—>} TWHDX 
WR 
TWLWH 
RECOVERY CLOCK AND GATE 


TCHCL < TCLCL—>- TGVCH 


GATE G 


bir ma 
OUTPUT 0 ime es 


TCHGX 
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Burn-In Circuits 


VDD 


: 


3 


tia 
f 


Lad 
7 


FO 


STATIC CONFIGURATION FOR BOTH FLATPACKS & DIPS 


NOTES: 


VDD =6.5V + 5% 

Ta = +125°C Minimum 

Resistors = 10kQ 

IDD < 100pA 

AC: FO is compliment of FO 
FO is a 50% duty cycle pulse burst 
FO is left high after pulse burst 


Irradiation Circuits 


VDD 
F3 1 | 24) | 

Fa 2 | 23 FO 
F5 3 22 Fo 
7 4 vee 
F7 5 20} F2 
F8 6 | 19) 

F9 


i 2 
=| 


Fi ees 
12 13 

LOAD 

2.7KQ 


DYNAMIC CONFIGURATION FOR BOTH FLATPACKS & DIPS 


NOTES: 


VDD = 6.5V + 5%(Burn-In) 

VDD = 6.0V + 5%(Life Test) 

Ta = +125°C Minimum 

IDD <20mA 

Resistors = 10KQ, except for loads = 2:7kQ 

-0.3V < VIL <0.8V 

VDD -1.0V < VIH s 0.8V 

AC: FO is compliment of FO 
FO = 50kHz +10%m 50% Duty Cycle 
F1=F0/2, F2=F1/2...F10=F9/2 


HS-82C54RH 


5.5V 


=e) Fadel 
a | HTT 


NOTES: 


VDD = 5.5V + 10%, Ta, = +25°C 
Group E Testing is performed in Sidebrazed DIP 
Group E Sample Size is 2 die/wafer 


5.5V 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, . 
Condition A 20G 


Serialization 
X-Ray Inspection Method 2012 (Two Views) 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 


+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-In Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-In 240 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-In Delta Calculation (TO - T2) 

PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 

Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 | 
Brand 

Customer Source Inspection (Note 1) 

Group B Inspection Method 5005 (Notes 1, 2) . 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4 


. ‘-Q’ Data Pack Contains: 
Cover Sheet: 
a) Purchase Order Number 
b) Customer Part Number 
c) Lot Date Code 
d) Harris Part Number 
e) Lot Number 
f) Quantity 
Certificate of Conformance (as found on shipper). 
Shippable serial number list. 


Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests: 


Dynamic Burn-In 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Test Variables data for all read/record and cl operations. 
+25°C Initial Test (TO) 
+25°C Interim Test (T1) 
+25°C Final Test (T2) 
All +25°C Delta’s (T1-TO, T2-TO) 
+125°C Final Test 
-35°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4 


. ‘-8' Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 


DIE DIMENSIONS: 

4700 x 5510yum x 485m + 25.4um 
METALLIZATION: 

Type: AV/Si 

Thickness: 11kA +2kA 
GLASSIVATION: 

Type: SiO2 

Thickness: 8kA + 1kA 
DIE ATTACH: 

Material: Gold Silicon Eutectic Alloy 


WORST CASE CURRENT DENSITY: 


7.9 x 10* A/cm? 
Metallization Mask Layout 
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Functional Description 
General 


The HS-82C54RH is a programmable interval timer/counter 
designed for use with microcomputer systems. It is a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The HS-82C54RH solves one of the most common problems 
in any microcomputer system, the generation of accurate 
time delays under software control. Instead of setting up 
timing loops in software, the programmer configures the 
HS-82C54RH to match his requirements and programs one 
of the counters for the desired delay. After the desired delay, 
the. HS-82C54RH will interrupt the CPU. .Software overhead 
is. minimal and variable length delays can easily be 
accommodated. 


.Some of the other timer functions common to micro-comput- 
ers which can be implemented with the HS-82C54RH are: 


© Real time clock 

¢ Event counter 

¢ Digital one-shot 

¢ Programmable rate generator 
¢ Square wave generator 

¢ Binary rate multiplier 

¢ Complex waveform generator 
¢ Complex motor controller 


Data Bus Buffer 


This three-state, bi-directional, 8-bit buffer is used to 
interface the HS-82C54RH to the system bus (see Figure 1). 


INTERNAL BUS 


CONTROL 
WORD 
REGISTER 


FIGURE 1. DATA BUS BUFFER AND READ/WRITE LOGIC 
FUNCTION 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks 
of the HS-82C54RH. A1 and AO select one of the three 
counters or the Control Word Register to be read from/ 
written into. A “low” on the RD input tells the HS-82C54RH 
that the CPU is reading one of the counters. A “low” on the 
WR input tells the HS-82C54RH that the CPU is writing 
either a Control Word or an initial count. Both RD and WR 
are qualified by CS; RD and WR are ignored unless the 
HS-82C54RH has.been selected by holding CS low. 


Control Word Register 


The Control Word Register (Figure 2) is selected by the 
Read/Write Logic when A1, AO = 11. If the CPU then does a 
write operation to the HS-82C54RH, the data is stored in the 
Control Word Register and is interpreted as a Control Word 


.used to define the Counter operation. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


Counter 0, Counter 1, Counter 2 


These three functional clocks are identical in operation, so 
only a single Counter-will be described. The internal block 
diagram of a single counter is shown in Figure 3. The 
counters are fully independent. Each Counter may operate 
in a different Mode. 


The Control Word Register is shown in the figure; it is not 
part of the Counter itself, but its contents determine how the 
Counter operates. 


CLK 0 
GATE 0 
OUT O 


CLK 1 
GATE 1 
OUT 1 


CLK 2 
GATE 2 
OUT 2 


FIGURE 2. CONTROL.WORD REGISTER AND COUNTER 
FUNCTIONS 


11-84 


HS-82C54RH 


STATUS 
WORD LATCH 
REGISTER a 
Cc 
REGISTER ] | 
ee el 
i ia 
CONTROL], | | 
LOGIC i 
| | 
aaa 
GATE 
CLKN OUTN OLM OLL 


FIGURE 3. COUNTER INTERNAL BLOCK DIAGRAM 


The Status Register, shown in the figure, when latched, 


contains the current contents of the Control Word Register - 


and status of the output and null count flag. (See detailed 
explanation of the Read-Back Command.) 


The actual counter.is labeled CE for “Counting Element’. It is 
a 16-bit presettable synchronous down counter. 


OLM and OLL are two 8-bit latches. OL stands for “Output 
Latch”, subscripts M and L for “Most significant byte” and 
“Least significant byte”, respectively. Both are normally 
referred to as one unit and called just OL. These latches 
normally “follow” the CE, but if a suitable Counter Latch 
Command is sent to the HS-82C54RH, the OL latches the 
present count until read by the CPU and then returns to 
“following” the CE. One latch at a time is enabled by the 
counter’s Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal bus. 
Note that the CE itself cannot be read; whenever you read 
the count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRM and CRL 
(for “Count Register’). Both are normally referred to as one 
unit and called just CR. When a new count is written to the 
Counter, the count is stored in the-CR and later transferred 


to the CE. The Control Logic allows one register at a time to ° 
be loaded from the internal bus. Both bytes are transferred to. 


the CE simultaneously. CRM and CRL are cleared when the 
Counter is programmed for one byte counts (either most sig- 
nificant byte only or least significant byte only) the other byte 
will be zero. Note that the CE cannot be written into; when- 
ever a count is written, it is written into the CR. 


The Control Logic is also shown in the diagram. CLKn, 
GATEn, and OUTn are all connected to the outside world 
through the Control Logic. | 


HS-82C54RH System Interface 


The HS-82C54RH is treated by the system software as an 
array of peripheral I/O ports; three are Counters and the 
fourth is a Control Word Register for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, Al 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method or 
it can be connected to the output of a decoder, such as a 
Harris HD-6440 for larger systems. 


ADDRESS BUS (16 


HS-82C54RH 


COUNTER oe eae a 
0 


_WT_—_—_—_— —_—_—_S 
OUT GATE CLK OUT GATE CLK 


—_—_ 
OUT GATE CLK 


FIGURE 4. HS-82C54RH SYSTEM INTERFACE 


.Operational Description 


General 


After power-up, the state of the HS-82C54RH is undefined. 
The Mode, count value, and output of all Counters are 
undefined. 


How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before it 
can be used. Unused Counters need not be programmed. 


Programming The HS-82C54RH 


Counters are programmed by writing a Control Word and 
then an initial count. 


All Control Words are written into the Control Word Register, 
which is selected when Ai, AO = 11. The Control Word 
specifies which Counter is being programmed. 


By contrast, initial counts are written into the Counters, not 
the Control Word Register. The A1, AO inputs are used to 
select.the Counter to be written into. The format of the initial 
count is determined by the Control Word used. 


Write Operations 


The programming procedure for the HS-82C54RH is very 
flexible. Only two conventions need to be remembered: 


1. For each Counter, the Control Word must be written 
before the initial count is written. 


2. The initial count must follow the count format specified in 
the Control Word (least significant byte only, most 
significant byte only, or least significant byte and then 
most significant byte). 


Since the Control Word Register and the three Counter 
shave separate- addresses (selected by the A1, AO inputs), 
and each Control Word ‘specifies the Counter it applies to 
(SCO, SC1 bits), no special instruction sequence is required. 
Any programming sequence that follows the conventions 
above is acceptable. 
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Control Word Format 
A1, AO= 11; CS = 0; RD = 1; WR=0 


op D6 DS Sti D3 D2 ny Do 
[ser_[sce_[ rw [nwo [me [mi] wo] 60 
SC - Select Counter: | | M - Mode: 


So 
Se 
So 
[i [1 ee 8s Command (See eed Operas 


Counter Latch Command (See Read 
Operations) 


| 0 | 1 [Read/Write least significant byte only. | 
oo 


BCD - Binary Coded Decimal: 


Binary Counter 16-bits 
Binary Coded Decimal (BCD) Counter (4 Decades) 


Read/Write most significant byte only. 
ignifi : NOTE: Don’t Care bits (X) should be 0 to insure compatibility with 


Read/Write least significant byte first, then 
most significant byte future products. 


FIGURE 5. CONTROL WORD FORMAT 


Control Word - Counter 0 
LSB of count - Counter 0 


MSB of count - Counter 0 


Control Word - Counter 1 
LSB of count - Counter 1 


Al AO | Atl AO 
MSB of count - Counter 1 
Control Word - Counter 2 
LSB of count - Counter 2 . 


MSB of count - Counter 2 


Control Word - Counter 0 Control Word - Counter 1 
Control Word -Counter1 . Control Word : Counter 0 


NOTE: In all four examples, all counters are programmed to Read/Write two-byte counts. These are only four of many possible programming 
sequences. 


MSB of count - Counter 2 


FIGURE 6. A FEW POSSIBLE PROGRAMMING SEQUENCES 
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A new initial count may be written to a Counter at any time 
without affecting the Counters programmed Mode in 
anyway. Counting will be affected as described in the Mode 
definitions. The new count must follow the programmed 
count format. 


If a Counter is programmed to read/write two-byte counts, 
the following precaution applies: A’ program must not 
transfer contro! between writing the first and second byte to 
another routine which also writes into that same Counter. 
Otherwise, the Counter will be loaded with an incorrect 
count. 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
HS-82C54RH. 


There are three possible methods for reading the Counters. 
The first is through the Read-Back Command, which is 
explained later. The second is a simple read operation of the 
Counter, which is selected with the A1, AO inputs. The only 
requirement is that the CLK input of the selected Counter 
must be inhibited by using either the GATE input or external 
logic. Otherwise, the count may be in process of changing 
when it is read, giving an undefined result. 


Counter Latch Command 


The other method for reading the Counters involves a 
special software command called the “Counter Latch 
Command”. Like a Control Word, this command is written to 
the Control Word Register, which is selected when A1, AO = 
11. Also, like a Control Word, the SCO, SC1. bits select one 
of the three Counters, but two other bits, D5 and D4, 
distinguish this command from a Control Word. 


Ai, AO= 11; CS =0; RD = 1; WR=0 


D7 D6 D5 D4 D3 D2 D1 DO 
|sci | sco} o | o | x | x | x | x | 
SC1, SCO - specify counter to be latched 


Counter 


D5, D4 = 00 designates Counter Latch Command 
X = Don't Care 


NOTE: Don't Care bits (X) should be 0 to insure compatibility with 
future products. 


FIGURE 7. COUNTER LATCH COMMAND FORMAT 


The selected Counters Output Latch (OL) latches the count 
when the Counter Latch Command is received. This count is 
held in the latch until it is read by the CPU (or until the 
Counter is reprogrammed). The count is then unlatched 


automatically and the OL returns to “following” the Counting 
Element (CE). This allows reading the contents of the 
Counters “on the fly’ without affecting counting in progress. 
Multiple Counter Latch Commands may be used to latch 
more than one Counter. Each latched Counter’s OL holds its 
count until read. Counter Latch Commands do not affect the 
programmed Mode of the Counter in any way. 


If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at the 
time the first Counter Latch Command was issued. 

With either method, the count must be read according to the 
programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 


Another feature of the HS-82C54RH is that reads and writes 
of the same Counter may be interleaved; for example, if the 
Counter is programmed for two byte counts, the following 
sequence is valid. 


1. Read least significant byte. © 

2. Write new least significant byte. 
3. Read most significant byte. 

4. Write new most significant byte. 


If a Counter is programmed to read or write two-byte counts, 
the following precaution applies: A program MUST NOT 
transfer control between reading the first and second byte to 
another routine which also reads from that same Counter. 
Otherwise, an incorrect count will be read. 


Read-Back Command 


The Read-Back Command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected Counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to 
the Counters selected by setting their corresponding bits D3, 
D2, D1 = 1. 


AO, Al = 11; CS =0; RD=1; WR=0 


D7 D6 D5 D4 D3 D2 Di. DO 

| 1 | 1 | COUNT] STATUS [CNT2|CNT1{CNTO} 0 | 
D5: 0 = Latch count of selected Counters(s) 

D4: 0 = Latch status of selected Counters(s) 

D3: 1 = Select Counter 2 

D2: 1 = Select Counter 1 

D1: 1 = Select Counter 0 

DO: Reserved for future expansion; Must be 0 


FIGURE 8. READ-BACK COMMAND FORMAT 
The Read-Back Command may be used to latch multiple 


Counter Output Latches (OL) by setting the COUNT bit D5 = . 


QO and selecting the desired Counter(s). This single 
command is functionally equivalent to several Counter Latch 
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Commands, one for each Counter latched. Each Counter’s 
latched count is held until it is read (or the Counter is repro- 
grammed). That Counter is automatically unlatched when 
read, but other Counters remain latched until they are read. 
If multiple count Read-Back Commands are issued to the 
same Counter without reading the count, all but the first are 
ignored; i.e., the count which will be read is the count at the 
time the first Read-Back Command was issued. 


The Read-Back Command may also be used to latch status 
information of selected Counter(s) by setting STATUS bit D4 
= 0. Status must be latched to be read; status of a Counter is 
accessed by a read from that Counter. 


The Counter status format is shown in Figure 9. Bits D5 
through DO contain the Counter’s programmed Mode exactly 
as written in the last Mode Control Word. OUTPUT bit D7 
contains the current state of the OUT pin. This allows the 
user to monitor the Counter’s output via software, possibly 
eliminating some hardware from a system. 


D7 D6 


D5 D4 D3 D2 ODI DO 
OUT NULL RW1 | RWO BCD 
PUT COUNT . 
D7 1=OutPinis 1 
0 = Out pinis 0 
D6 1 =Null count 


O = Count available for reading 
D5-D0 = Counter programmed mode (See Figure 5) 


FIGURE 9. STATUS BYTE 


NULL COUNT bit D6 indicates when the last count written to 
the Counter Register (CR) has been loaded into the 
Counting Element (CE). The exact time this happens 
depends on the Mode of the Counter and is described in the 
Mode Definitions, but until the count is loaded into the 
Counting Element (CE), it can’t be read from the Counter. If 
the count is latched or read before this time, the count value 
will not reflect the new count just written. The operation of 


1 
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Read-back status of Counter 1 Status latched for Counter 1 


Read-back status of Counters 2, 1 Status latched for Counter 2, but not 
Counter 1 


Read-back count of Counter 2 — Count latched for Counter 2 


Read-back count and status of Count latched for Counter 1, but not 
Counter 1 Status © 
Read-back status of Counter 1. Command ignored, status already 

; | Se latched for Counter 1 


FIGURE 11. READ-BACK COMMAND EXAMPLE 


Null Count is shown in Figure 10. 


[as xcrion [eases 
[a wits he Gonbel Word Register Note) | NalComt= 
[ Witet he Gaunt Rogier (GF: (tea) _[ Nal Gaunt= 1 
[o:Now counts ioadod iio CE (GR CE): _[ Na Gaunt =O 


NOTES: 


1. Only the Counter specified by the Control Word will have its Null 
Count set to 1. Null Count bits of other Counters are unaffected. 


2. If the Counter is programmed for two-byte counts (least signifi- 
cant byte then most significant byte) Null Count goes to 1 when 
the second byte is written. 


FIGURE 10. NULL COUNT OPERATION 


If multiple status latch operations of the Counter(s) are 
performed without reading the status, all but the first are 
ignored; i.e., the status that will be read is the status of the 
Counter at the time the first status Read-Back Command 
was issued. 


Both count and status of the selected Counter(s) may be 
latched simultaneously by setting both COUNT and STATUS 
bits D5, D4 = 0. This is functionally the same as issuing two 
separate Read-Back Commands at once, and the above 
discussions apply here also. Specifically, if multiple count 
and/or status Read-Back Commands are issued to the same 
Counter(s) without any intervening reads, all but the first are 
ignored. This is illustrated in Figure 11. 


If both count and status of a Counter are latched, the first 
read operation of that Counter will return latched status, 
regardless of which was latched first. The next one or two 
reads (depending on whether the Counter is programmed for 
one or two byte counts) return latched count. Subsequent 
reads return unlatched count. 
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FIGURE 12. READ/WRITE OPERATIONS SUMMARY 


Mode Definitions 

The following are defined for use in describing the operation 
of the HS-82C54RH. 

CLK PULSE: 


A rising edge, then a falling edge, in that order, of a 
Counter’s CLK input. 


TRIGGER: 
A rising edge of a Counter’s Gate input. 
COUNTER LOADING: 


The transfer of a count from the CR to the CE (See “Func- 
tional Description”) 


Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the Control 
Word is written, OUT is initially low, and will remain low until 
the Counter reaches zero. OUT then goes high and remains 
high until a new count or a new Mode 0 Control Word is 
written to the Counter. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK 
pulse. This CLK pulse does not decrement the count, so for 
an initial count of N, OUT does not go high until N + 1 CLK 
pulses after the initial count is written. 

If a new count is written to the Counter it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


1. Writing the first byte disables counting. OUT is set low 
immediately (no clock pulse required). 


2. Writing the second byte allows the new count to be loaded 
on next CLK pulse. 


This allows the counting sequence to be synchronized by 
software. Again OUT does not go high until N + 1 CLK 
pulses after the new count of N is written. 

lf an initial count is written while GATE = 0, it will still 
beloaded on the next CLK pulse. When GATE goes high, 
OUT will go high N CLK pulses later; no CLK pulse is 
needed to load the Counter as this has already been done. 


CW=2z210 LSB=4 


wa LSJVLJI 
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GATE 
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CW=12 LSB=3 
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NOTES: 


1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. _ 

2. The Counter is always selected (CS always low). 

3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 

4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. . 

FIGURE 13. MODE 0 


Mode 1: Hardware Retriggerable One-Shot 


OUT will be initially high. OUT will go low on the CLK pulse 
following a trigger to begin the one-shot pulse, and will 
remain low until the Counter reaches zero. OUT will then go 
high and remain high until the CLK pulse after the next 
trigger. | | 


After writing the Control Word and initial count, the Counter 
is armed. A trigger results in loading the Counter and setting 
OUT low on the next CLK pulse, thus starting the one-shot 
pulse N CLK cycles in duration. The one-shot is retrigger- 
able, hence OUT will remain low for N CLK pulses after any 
trigger. The one-shot pulse can be repeated without rewrit- 
ing the same count into the Counter. GATE has no effect on 
OUT. . 


If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the 
Counter is retriggered. In that case, the Counter is loaded 
with the new count and the one-shot pulse continues until 
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the new count expires. 


CW=12 LSB=3 


CW=12 LSB=3 


be loaded on the next CLK pulse. OUT goes low N CLK 
pulses after the initial count is written. This allows the 
Counter to be synchronized by software also. 


Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current period, 
the Counter will be loaded with the new count on the next 
CLK pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end of the 
current counting cycle. © 


CW=z14 LSB=3 | 


ololololololo 
Injufnfnfn fg ]s {oe ]s]s fo {es | 


CW=12 LSB=2 LSB =4 
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NOTES: 
1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 
2. The Counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. . 


4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 

6. N stands for an undefined count. os 

7. Vertical lines show transitions between count values. 

_ FIGURE 14. MODE 1 


Mode 2: Rate Generator 


This Mode functions like a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT will 
initially be high. When the initial count has decremented to 1, 
OUT goes low for one CLK pulse. OUT then goes high 
again, the Counter reloads the initial count and the process 
is repeated. Mode 2 is periodic; the same sequence is 
repeated indefinitely. For an initial count of N, the sequence 
repeats every N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the initial 
count on the next CLK pulse; OUT goes low N CLK pulses 
after the trigger. Thus the GATE input can be used to 
synchronize the Counter. 


After writing a Control Word and initial count, the Counter will 


OUT _ 
ololololololo 
In[utn in] gies ig fg] i3| 
CW=14 LSB=4 LSB=5 
GATE 
OUT 
olololofojlojo 
Infu[n fn] oo [efofs|sist 
NOTES: 


1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 

2. The Counter is always selected (CS always low). 

3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 

4. LSB stands for “Least significant byte” of count. 

5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. - 

6. N stands for an undefined count. 

7. Vertical lines show transitions between count values. 

FIGURE 15. MODE 2 


Mode 3: Square Wave Mode 


Mode 3 is typically used for Baud rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of OUT. OUT will 
initially be high. When half the initial count has expired, OUT 
goes low for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count 
of N results in a square wave with a period of N CLK cycles. 


GATE = 1 enables counting; GATE = 0 disables counting. If 
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GATE goes low while OUT is low, OUT is set high immedi- 
ately; no CLK pulse is required. A trigger reloads the 
Counter with the initial count.on the next CLK pulse. Thus 
the GATE input can be used to synchronize the 
Counter.After writing a Control Word and initial count, the 
Counter will be loaded on the next CLK pulse. This allows 
the Counter to be synchronized by software also. 


Writing a new count while counting does not affect the cur- 
rent counting sequence. If a trigger is received after writing a 
new count but before the end of the current half-cycle of the 
square wave, the Counter will be loaded with the new count 
on the next CLK pulse and counting will continue from the 
new count. Otherwise, the new count will be loaded at the 
end of the current half-cycle. 


Mode 3 is implemented as follows: 


EVEN COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse and then is decremented by two 
on succeeding CLK pulses. When the count expires, OUT 
changes value and the Counter is reloaded with the initial 
count. The above process is repeated indefinitely. 


ODD COUNTS: OUT is initially high. The initial count is 
loaded on one CLK pulse, decremented by one on the next 
CLK pulse, and then decremented by two on succeeding 
CLK pulses. When the count expires, OUT goes low and the 
Counter is reloaded with the initial count. The count is decre- 
mented by three on the next CLK pulse, and then by two on 
succeeding CLK pulses.When the count expires, OUT goes 
high again and the Counter is reloaded with the initial count. 
The above process is repeated indefinitely. So for odd 
counts, OUT will be high for (N + 1)/2 counts and low for 
(N-1)/2 counts. 


Mode 4: Software Triggered Mode 


OUT will be initially high. When the initial count expires, OUT 
will go low for one CLK pulse then go high again. The count- 
ing sequence is “Triggered” by writing the initial count. 


GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. This CLK pulse does not 
decrement the count, so for an initial count of N, OUT does 
not strobe low until N + 1 CLK pulses after the initial count is 
written. 


If a new count is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


1. Writing the first byte has no effect on counting. 


2. Writing the second byte allows the new count to be loaded 
on the next CLK pulse. 


This allows the sequence to be “retriggered” by software. 
OUT strobes low N + 1 CLK pulses after the new count of N 
is written. 


Mode 5: Hardware Triggered Strobe (Retriggerable) 


OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT will 
go low for one CLK pulse and then go high again. 


After writing the Control Word and initial count, the Counter 
will not be loaded until the CLK pulse after a trigger. This 
CLK pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe low until N + 1 CLK pulses 
after trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. This allows the counting 
sequence to be regretted. OUT strobes low N + 1 CLK 
pulses after any new trigger. GATE has no effect on the state 
of OUT. 


If a new count is written during counting, the current count- 
ing sequence will not be affected. If a trigger occurs after the 
new count is written but before the current count expires, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from there. 


CW=16 LSB=4 
WR 


‘wawaw 


mana 


NOTES: 


1. Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 


2. The Counter is always selected (CS always low). 


3. CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 


4. LSB stands for “Least significant byte” of count. 


5. Numbers below diagrams are count values. The lower number is 
the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 


6. N stands for an undefined count. 
7. Vertical lines show transitions between count values. 
FIGURE 16. MODE 3 
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CW=18 LSB=3 
WR 


CW =1A LSB =3 


FF | FF 


ololo|o |Fe 
In[u[uin]o]e fo] Fe | Ee FD 


CW=18 LSB=3 


olololo Fa |/0] 
In{uin{n[n]o{o]o]o [els 


CW=1A LSB=3 


ololololo!|o {rr 
In{u[n iu] o]o [9 [oo] {fe 


CW.=18 LSB=3 -LSB =2 


"wswaae 


o fo 
In[utuinfnin fg [o | 


CW=1A LSB=3 


A =) 
No 
ao 
oo 
aa 


LSB =5 


vwaaTaw 


ololololololrr 
In{uiw[n]3]ofo|g]o| le 


NOTES: 


i 


2. 
3. 


‘Counters are programmed for binary (not BCD) counting and for 


reading/writing least significant byte (LSB) only. 
The Counter is always selected (cS always low). 


CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 


. LSB stands for “Least significant byte” of count. 
. Numbers below diagrams:are count values. The lower number is 


the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 


_ only, the most significant-byte cannot be read. 


. N stands for an undefined count. 
. Vertical lines show transitions between count values. 


FIGURE 17. MODE 4 


olololfo|FFIFFlo lo 
In{u[n [win {o]o[o |g [FelFe|o |o | 


NOTES: 


1. 


Z. 
3. 
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Counters are programmed for binary (not BCD) counting and for 
reading/writing least significant byte (LSB) only. 
The Counter is always selected (cS always low). 


CW stands for “Control Word”; CW = 10 means a Control Word 
of 10, Hex is written to the Counter. 


. LSB stands for “Least significant byte” of count. 
. Numbers below diagrams are count values. The lower number is 


the least significant byte. The upper number is the most signifi- 
cant byte. Since the Counter is programmed to read/write LSB 
only, the most significant byte cannot be read. 


. N stands for an undefined count. 
. Vertical lines show transitions between count values. 


- FIGURE 18. MODE 5 


HS-82C54RH 


Operation Common to All Modes 
Programming 


When a Control Word is written to a Counter, all Control 
Logic is immediately reset and OUT goes to a known initial 
state; no CLK pulses are required for this. 


Gate 


The GATE input is always sampled on the rising edge of 
CLK. In Modes 0, 2, 3 and 4 the GATE input is level 
sensitive, and logic level is sampled on the rising edge of 
CLK. In modes 1, 2, 3 and 5 the GATE input is rising-edge 
sensitive. In these Modes, a rising edge of Gate (trigger) 
sets an edge-sensitive flip-flop in the Counter. This flip-flop is 
then sampled on the next rising edge of CLK. The flip-flop is 
reset immediately after it is sampled. In this way, a trigger 
will be detected no matter when it occurs - a high logic level 
does not have to be maintained until the next rising edge of 
CLK. Note that in Modes 2 and 3, the GATE input is both 
edge-and level-sensitive. 


Counter 


New counts are loaded and Counters are decremented on 
the falling edge of CLK. 


The largest possible initial count is 0; this is equivalent to 216 
for binary counting and 10* for BCD counting. 


The Counter does not stop when it reaches zero. In Modes 
0, 1, 4 and 5 the Counter “wraps around” to the highest 
count, either FFFF hex for binary counting or 9999 for BCD 
counting, and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 


GATE PIN OPERATIONS SUMMARY 


SIGNAL 
STATUS 


1) Initiates count- 
ing 

2) Resets output 
after next clock 


1) Disables counting J Initiates counting 
2) Sets output imme- 


diately high 


1) Disables counting 
2) Sets output imme- 
diately high 


Initiates counting 


4 1) Disables counting Enables 
counting 
8 ft  finates counting |= | 


MINIMUM AND MAXIMUM INITIAL COUNTS 


MINCOUNT © MAX COUNT 


NOTE: 0 is equivalent to 2'° for binary counting and 10* for BCD 
counting. 
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SEMICONDUCTOR 


HS-82C55ARH 


Radiation Hardened 


December 1992 CMOS Programmable Peripheral Interface 


Features Pinout 
e Radiation Hardened . 40 PIN DIP 
- Total Dose >10° RAD(SI) CASE OUTLINE D-5, CONFIGURATION 3 


- Transient Upset <10° RAD(SIVs. — 
- Functional After Total Dose 1 x 10°RAD(Si) - 


TOP VIEW 


PA3 PA4 

- Latch Up Free EPI-CMOS PA2 PAS 

¢ Low Power Consumption PA1 PAG 
- IDDSB = 20uA PAO PAT 


¢ Pin Compatible with NMOS 8255A and the Harris 
82C55A 


¢ High Speed, No “Wait State” Operation with 5MHz HS- 


RD 
cs 
GND 


RESET 


Al D1 
80C86RH Ao As 
e 24 Programmable V/O Pins PC7 | D3 
¢ Bus-Hold Circuitry on All VO Ports Eliminates Pull-Up PC& D4 
Resistors PCS DS 
¢ Direct Bit Set/Reset Capability nen Pe 
| | PCO D7. 
e¢ Enhanced Control Word Read Capability Pci VoD 
e Hardened Field, Self-Aligned, Junction Isolated CMOS PC2 PB7 
Process pcg PB6 
e Single 5V Supply PBO PBS 
A Dri bility on All VO Port O ae a 
¢ 2.0mA Drive Capability on All /O Port Outputs = pas 


Military Temperature range -55°C to +125°C 


Description 


The Harris HS-82C55ARH is a high performance, radiation 
hardened CMOS version of the industry standard 8255A and 
is manufactured using a hardened field, self-aligned silicon- 
gate CMOS process. It is a general purpose programmable 
I/O device which may be used with many different micropro- 
cessors. There are 24 I/O pins which are organized into two 
8-bit and two 4-bit ports. Each port may be programmed to 
function as either an input or an output. Additionally, one of 
the 8-bit ports may be programmed for bi-directional opera- 
tion,and the two 4-bit ports can be programmed to provide 


handshaking capabilities. The high performance, radiation: 


hardness, and industry standard configuration of the HS- 
82C55ARH make it compatible with the HS-80C86RH radia- 
tion hardened microprocessor. 


Static CMOS circuit design insures low operating power. Bus 
hold circuitry eliminates the need for pull-up resistors. The 
Harris hardened field CMOS process results in performance 


equal to or greater than existing radiation resistant products. 


at a fraction of the power. 


ee 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 


: FileNumber 3191 
Copyright © Harris Corporation 1992 11-94 


HS-82C55ARH 


Pin Description 


PIN . 
SYMBOL NUMBERS TYPE DESCRIPTION 
PAO-7 1-4, 37-40 Port A: General purpose I/O Port. Data direction and mode is determined by the contents 
of the Control Word 


low and as an output when CS and RD are low. | | 


VDD: The +5V power supply pin. A 0.1pF capacitor between pins 26 and 7 is recommend- 
ed for decoupling. 


Ground. 


Chip Select: A “low” on this input pin enables the communication between the HS- 
82C55ARH and the CPU. 


Read: A “low” on this input pin enables the HS-82C55ARH to send the data or status 
information to the CPU on the data bus. In essence, it allows the CPU to “read from” the 
HS-82C55ARH. 


Write: A “low’ on this input pin enables the CPU to write data or control words into the HS- 
82C55ARH. . 


Port Select 0 and Port Select 1: These input signals, in conjunction with the RD and WR 
inputs, control the selection of one of the three ports or the control word registers. They are 
normally connected to the Least Significant Bits of the address bus (AO and A‘). 


Reset: A “high” on this input clears the control register and all ports (A, B, C) are set to the 
input mode. “Bus hold” devices internal to the HS-82C55ARH will hold the I/O port inputs 
to a logic “1” state with a maximum hold current of 400pA. 


ae 


Functional Diagram 
POWER aa 
SUPPLIES GROUP A 
aR Sa ae PAT - PAG 
GROUP A vO 
BOnLG PC7 - PC4 
BIDIRECTIONAL UPPER (4) 
DATA BUS 
D7 - Do 
at ae sore y 
LOWER (4) PC3 - PCO 
— 
CONTROL vO 
PB7 - PBO 
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Absolute Maximum Ratings Reliability Information 

SUDPIY VONAGS tre diodes chee ates ees eee re eeeed es +7.0V Thermal Resistance 6; 6. 
Input, Output or I/O Voltage ............. VSS-0.3V to VDD+0.3V Brazed Seal DIP Package........ aiavara 26.7°C/W 10.7°CW 
Storage Temperature Range ............2eeee -65°C to +150°C Brazed Seal Flatpacke Package ....... 61.14°C/W  13.6°C/W 
Junction Temperature... 1.0... cece ccc cee ee eee cence +175°C | Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).............-0ee0ee +300°C Brazed Seal DIP Package. ........ ccc cece eee e cease 1.87W 
ESD Classification) 2. .c.cee nadie ss veaw ete weseeaetas Class 1 . Brazed Seal Flatpack Package ..............ceeeeees 0.82W 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and epost 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage PANGG < 6c 8 Ss Secreta tees +4.5V to +5.5V Input Low Voltage ............ ese e eee celta Pirie ee OV to +0.8V 
Operating Temperature Range.............26. -55°C to +125°C ~=—s Input High Voltage... ..... eee cece cee eee VDD -1.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


GROUP A maiiohls 
PARAMETERS CONDITIONS os TEMPERATURE | MIN | | MIN. | MAX | UNITS 
TTL en | High Voltage ae VDD = 4.5V, IO = -2.5mA, -55°C, +25°C, 
ae OV, 4.5V . a +125°C 
tna Output High Volt- VOH2 VDD = 4.5V, IO = -100pA, -55°C, +25°C, VDD- 
age - VIN = OV, 4.5V +125°C 0.4 
Output Low Voltage VDD = 4.5V, 1O = 2.5mA, -55°C, +25°C, 
VIN = OV, 4.5V +125°C 
Input Leakage Current IIL or 1H VDD = 5.5V, VIN = OV, 5.5V -55°C, +25°C, 
a 3 : +125°C 
Tr 


Es 


: 


% 


+125°C 


Input Current Bus Hold 
Low 


-55°C, +25°C, 
+125°C 


& 


-55°C, +25°C, 
IBHL VDD = 4.5V or 5.5V, 
VIN = 1.0V (See Note 2). 
PortA 
Standby Power Supply ‘IDDSB VDD = 5.5V, 10 = OmA, -55°C, +25°C, 
Current VIN =GND or VDD +125°C 
Darlington Drive Voltage VDAR VDD = 4.5V, IO = -2.0mA, -55°C, +25°C, 
VIN = GND or VDD +125°C 
Functional Tests VDD = 4.5V and 5.5V, 7, 8A, 8B -55°C, +25°C, 
+125°C 
VDD = 5.5V, VIN = GND or 7, 8A, 8B 
VDD - 1.5V and 
VDD = 4.5V, VIN = 0.8V or 
NOTES: . 
1. IBHH should be measured after raising VIN and then lowering to 3.0V. 


2. IBHL should be measured after lowering VIN to VSS and then raising to 0.8V. 
3. No internal current limiting exists on the Port Outputs. A resistor must be added externally to limit the current. 
4 


. For VIH (VDD = 5.5V) and VIL (VDD = 4.5V) each of the following groups is tested separately with all other ee using VIH = 2.6V, VIL 
= 0.4V: PA, PB, PC, Control Pins ae 5, 6, 8, 9, 35, 36). 


S 


Output Leakage Current lOZLor | VDD =5.5V, VIN = OV, 5.5V -55°C, +25°C, 
lOZH 


+125°C 
Input Current Bus Hold sialic VDD = 4.5V or 5.5V, - 
High VIN = 3.0V (See Note 1) 
Ports A, B, C 


f = 1MHz 


Noise Immunity Functional 
Test (Note 4) 


-55°C, +25°C, 
+125°C 


VIN = GND or VDD, 
| VDD 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS Ty, = -55°C to +125°C 


LIMITS 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN | MAX | UNITS 


READ 

Address Stable Before RD VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, 
+125°C 

VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

VDD = 4.5, 5.5V 9,10, 11 -55°C, +25°C, 
+125°C 

VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
WRs +125°C 

WRITE 


Address Stable BeforeWR| TAVWL | VDD =4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

Address Stable After WR TWHAX | VDD = 4.5, 5.5V, Ports A 9, 10, 11 -55°C, +25°C, 
andB +125°C 

VDD = 4.5, 5.5V, PortC -55°C, +25°C, 
+125°C 

WR Pulse Width TWLWH_ | VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

Data Valid to WR High TDVWH_ | VDD =4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 


Data Valid After WR High TWHDX | VDD = 4.5, 5.5V, Ports A 9, 10, 11 -55°C, +25°C, 
and B | +125°C 


VDD = 4.5, 5.5V, Port C 9, 10, 11 -55°C, +25°C, 
+125°C 


TAVAL 
Address Stable After RD TRHAX 
RD Pulse Width TRLRH 
Data Valid From RD TRLDV 
Data Float After RD TRHDX 


Time Between RDs and/or | TRWHRWL 


_ 

oO 
oO 
© 


(e) 


oom 
° S 


OTHER TIMINGS — 


io) 
oO 
Oo 


WR = 1 to Output TWHPV_ | VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

Peripheral Data Before R TPVRL VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 


” 
— ee 
Peripheral Data After RD TRHPX VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, ”) Ps 
7) 
+125°C Lu - 
— re) 
ACK Pulse Width TKLKH | VDD =4.5, 5.5V 9, 10, 14 -55°C, +25°C, | 200 a 3 2 
() 
+125°C a ul 
STB Pulse Width TSLSH_ | VDD =4.5, 5.5V 9, 10, 14 -55°C, +25°C, 
+125°C 
Peripheral Data Before TPVSH | VDD=4.5,5.5V 9, 10, 11 -55°C, +25°C, 20 
STB High +125°C 
Peripheral Data After STB | TSHPX | VDD =4.5,5.5V 9, 10, 11 -55°C, +25°C, 50 
High +125°C 
ACK = 0 to Output TKLPV | VDD=4.5,5.5V 9, 10, 14 -55°C, +25°C, 175 
+125°C 
ACK = 1 to output Float TKHPZ VDD = 4.5, 5.5V -55°C, +25°C, 10 
+125°C 


11-97 


Specifications HS-82C55ARH 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS Ta, = -55°C to +125°C (Continued) 


LIMITS 
PARAMETERS SYMBOL |. CONDITIONS SUBGROUPS | TEMPERATURE UNITS 
WR = 1 to OBF =0 TWHOL VDD = 4.5, 5.5V -55°C, +25°C, 
- | . | +125°C © 
ACK = 0 to OBF TKLOH VDD = 4.5, 5.5V 
a: +125°C 
RD = = 


RD 55°C, +25°C, 
+125°C 


=1toIBF=0 TRHIL VDD = 4.5, 5.5V 
RD =0 to INTR TRUNL VDD = 4.5, 5.5V 


=1 -55°C, +25°C, 
STB = 0 to IBF = 1 TSLIH VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C © 
=1 5, 5. 
STB =1tINTR= 1 TSHNH VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 


-55°C, +25°C, 
+125°C 


_ 
on 
© 


_ 
o1 
i) 


ACK = 1 to INTR = 1 TKHNH VDD = 4.5, 5.5V -55°C, +25°C, 


+125°C 


WR =0 to INTR=0 TWLNL VDD = 4.5, 5.5V 9, 10, 11 -55°C, +25°C, 
+125°C 

RESET Pulse Width TRSHRSL {| VDD = 4.5, 5.5V (Note 2) 9, 10, 11 -55°C, +25°C, 
+125°C 


NOTES: 
1. AC’s tested at worst case VDD, guaranteed over full operating range. 
2. Period of initial RESET pulse after power-on must be at least 501s. Subsequenct RESET pulses may be 500ns minimum. 


N 
io) 
>) 


VDD = Open, f = 1MHz, All 
measurements referenced to 
device ground 


Ty = +25°C pF 
F 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 

—_ Ea 
I/O Capacitance Ci/O- Ta = +25°C 

measurements referenced to 

device ground 

toe ee ee 
ACK = 1 to Output Float ~TKHPZ VDD = 4.5V and 5.5V -55°C < Ty < +125°C } = | 250 | ns | 
NOTE: The parameters listed in Table 3 are controlled via design or process parameters and are not directly tested. These parameters are 


LIMITS 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE 
VDD = Open, f = 1MHz, All 
Data Float After RD TRHDX VDD = 4.5V and 5.5V -55°C < Ta < +125°C 
characterized upon initial design release and upon design changes which would affect these characteristics 


| TALBE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7, 9) 
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TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER 


ED 


| 1,7 
al cS oo mea ekeeen Goreme seme 


AC Test Circuit AC Testing Input, Output Waveforms 
V1 
: INPUT 
R1 
VIH +0.4V 
FROM OUTPUT TEST 1.5V 1.5V 
UNDER TEST POINT VIL -0.4V 
R2 aia 
* Includes stray and jig capacitance - NOTE: AC Testing: All parameters tested as per test circuits. Input 


rise and fall times are driven at 1ns/V. 


TEST CONDITIONS DEFINITION TABLE 


uPROCESSOR 
PERIPHERALS 
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Waveforms 
MODE 0 (BASIC INPUT) 
pee TRLRH 
RD 
INPUT 7 a 
CS, Al, AO ieee ees eee 
D7-D0 “7-707 7777"7777"" Cc {> 
TRLDV TRHDZ 


INPUT FROM 
PERIPHERAL 


MODE 2 (BIDIRECTIONAL) 


DATA FROM CPU 
/, TO HS-82C55ARH 


TSLIH me 
TKLPV-+— | Lal 
TPVSH 
PERIPHERAL ----------- gaa oS anes 
BUS 
[snex=l I / veut 
ae DATA FROM 
PHERAL TO. TOPERIPHERAL © DATAFROM 


HS-82CS5ARH 
TO CPU 


HS-82C5S5ARH © 


NOTE: Any sequence where WR occurs before ACK and STB occurs 
before RD is permissible. 


MODE 0 (BASIC OUTPUT) 
- TWLWH 
WR 
TWHDX 
D7 - DO > alae 
TAVWL TWHAX 
CS, Al, AO ea ee, Ee 
OUTPUT | Sle 
TWHPV | 


MODE 1 (STROBED OUTPUT) 


= 


TKLKH 
TKHNH 


TWHOL 


TWLNL 


OUTPUT D, 
TWHPV 


WRITE TIMING 


AO- At, C8 oe, SAAS | GSS 
rt 7 TWHAX 


DATA BUS 


READ TIMING 


DATA BUS Z HIGH IMPEDANCE Wf; VALID y HIGH IMPEDANCE 
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Burn-In Circuits 


PROGRAMMABLE PERIPHERAL INTERFACE 


h 


*: 
: 


bi 
ce 


i 
8] ee S| 


Oe a 6 
bh 
TTT A 
Try 


i 


bk 
: 


is 


28} 
a 
—e zl— 
2 
2a] 
2 
Es = i 


| 


STATIC CONFIGURATION 


NOTES: 


VDD = 6.0V +0. 5% 
IDD <500pA 
Ty Min = +125°C 


HS-82C55ARH 


PROGRAMMABLE PERIPHERAL INTERFACE 


: 
Hf 


ra 
ra] 
FO 5 | 36) FO 
a: s 
aa 
a ee oo 
FI Fr EA : 
F5 31] 


oe J 


al 
ee 


REE, 


DYNAMIC.CONFIGURATION 


NOTES: 


VDD = 6.0V + 5% for Burn-in 

VDD = 5.0V + 5% for Life Test: 

All resistors are 10KQ + 5% © 

-0.3V s VIL < 0.8V 

VDD -1.0V< VIHSVDD . 

IDD < 5mA 

FO = 10KHz, 50% Duty cycle 

F1 = F0/2; F2 = F1/2; F3 = F2/2; F4 = FO2...F7 = F6@/2 
Ta Min = +125°C 
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HS-82C55ARH 


Irradiation Circuit 


+5.5V 9? 


NOTES: 


VDD = 5.5V 
All Group E Testing is performed in a ceramic side brazed DIP 
Group E Sample Size is 2 die/wafer 
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TTT ‘| 


TH 


_ CMOS PROGRAMMABLE PERIPHERAL INTERFACE 


9 +5.5V 


HS-82C55ARH 


Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 

X-Ray Inspection Method 2012 (Two Views) 

Initial Electrical Tests (TO) 

Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 
+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 
Burn-in Delta Calculation (TO - T1) 


NOTES: 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-In Delta Calculation (TO - T2) 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A 


Electrical Test +125°C, -55°C | 
Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 

Brand 

Customer Source Inspection (Note 1) 

Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. 


‘-Q’ Data Pack Contains: 

Cover Sheet: 

a) Purchase Order Number 

b) Customer Part Number 

c) Lot Date Code 

d) Harris Part Number 

e) Lot Number 

f) Quantity 

Certificate of Conformance (as found on shipper). 
Shippable serial number list. 

Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 

Internal Visual Inspection 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 


Dynamic Burn-In 160 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


5. Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO) 
+25°C Interim Test (T1) 
+25°C Final Tost (T2) 
All +25°C Delta’s (T1-T0, T2-T0) 
+125°C Final Test 
-55°C Finai Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) - 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


uPROCESSOR 
PERIPHERALS 


1. These steps are optional, and must be negotiated as part of the order. 
2. Group B and D data package contains Attributes Data plus Variables Data. 
3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 


4. ‘-8’ Data Pack Contains: 
Assembly Attributes (Post Seal). 
Test Attributes (Including Group A). 
Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 
DIE DIMENSIONS: 


3420um x 4350um x 485m + 25m 


METALLIZATION: 
Type: Al/Si 
Thickness: 1 1kA + 2kA 


GLASSIVATION: 
Type: SiO2 
Thickness: 8kA + 1kA 


DIE ATTACH: 
Material: Gold Silicon Eutectic Alloy 


WORST CASE CURRENT DENSITY: 
7.7 x 104 A/cm? 


Metallization Mask Layout 


Pc2 (16). 
PC3 (17) 
PBO (18) ; 
PBI (19) | 


PB2 (20) 


PB3 (21) 
PB4 (22) 
PBS (23) 
PB6 (24) 


PB7 (25) 
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(4) PAO 
(3) PAt 
(2) PA2 


(1) PAS 


(40) PA4 
(39) PAS 
(38) PAG 
(37) PA7 


(36) WR 


HS-82C55ARH 


Functional Description 


The HS-82C55ARH is a programmable peripheral interface 
designed to allow microcomputer systems to control and 
interface with all types of peripheral devices.It has the 
ability to generate and respond to all asynchronous hand- 
shaking signals necessary to transfer data to and from 
peripheral devices, and it can also interrupt the processor 
when a peripheral needs servicing. These capabilities 
allow the HS-82C55ARH to be used in an unlimited number 
of applications including EXTERNAL SYSTEM CONTROL, 
ASYNCHRONOUS DATA TRANSFER, and SYSTEMS 
MONITORING. 


Data Bus Buffer 


This tri-state bidirectional 8-bit buffer is used to interface the 
HS-82C55ARH to the system data bus (see Figure 1). Data 
is transmitted or received by the buffer upon execution of 
input or output instructions by the CPU. Control words and 
status information are also transferred through the data bus 
buffer. 


POWER .[—> 45V vo 
SUPPLIES "L —> Gnp A PORT K—) PAT- 

BIDIRECTIONAL vo 
DATA BUS PC7- 


D7- 
bo vo 
8-BIT INTERNAL PC3- 
DATA BUS PCO 
W) e 
vo 
PB 7- 


FIGURE 1. BLOCK DIAGRAM DATA BUS BUFFER, READ/WRITE, 
GROUP A AND B CONTROL LOGIC FUNCTIONS 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfer of both Data and Control or Status words. It 
accepts inputs from the CPU Address and Control busses 
and in turn, issues commands to both of the Control Groups. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU writes a control 
word to the HS-82C55ARH. The control word contains infor- 
mation such as “mode”, “bit set”, “bit reset”, etc., that initial- 
izes the functional configuration of the HS-82C55ARH. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words” from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group - Port A and Port C upper (C7 - C4) 
Control Group - Port B and Port C lower (C3 - CO). 


Ports A, B, C 


The HS-82C55ARH contains three 8-bit ports (A, B and C). 
All can be configured to a wide variety of functional 
characteristics by the system software but each has its own 
special features or “personality’ to further enhance the 
power and flexibility of the HS-82C55ARH. 


PortA One 8-bit data output latch/buffer and one 8-bit data 
input latch. Both “pull-up” and “pull-down” bus hold 
devices are present on Port A. See Figure 2A. 


PortB One 8-bit data input/output latch/buffer and one 8-bit 
data input buffer. See Figure 2B. 

PortC One 8-bit data output latch/buffer and one 8-bit data 
input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and can be used 
for the control signal outputs and status signal inputs 
in conjunction with Ports A and B. See Figure 2B. 

RD 
MASTER CONTROL 
RESET 
INTERNAL EXTERNAL 
DATA IN PORT A PIN 
INTERNAL 
DATA OUT 
WR 
SIGNAL 
(A) 
VDD 
MASTER 
RESET 
EXTERNAL 
INTERNAL 7 
DATAIN. oe 
INTERNAL 
DATA OUT 


WA 
SIGNAL 
(B) 
FIGURE 2. VO PORT CONFIGURATION 


Operational Description 
Control Word 


The data direction and mode of Ports A, B and C are 
determined by the contents of the Control Word. See Figure 
4. The Control Word can be both written and read as shown 
in Table 1 and 2. During write operations, the function of the 
Control Word being written is determined by data bit D7. If 
D7 is low, the data on DO - D3 will set or reset one of the bits 
of Port C. See Figure 5. During read Operations, the Control 
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Word will always be in the format illustrated in Figure 4 with 
Bit D7 high to indicate Control Word Mode Information. 


ADDRESS BUS 


CONTROL BUS... 
ae ean 
DATABUS sy 


MODE 1 


BIDIREC- 
TIONAL 


PB7-PBO WO PA7 - PAO 


—_——_—oe 
CONTROL 
FIGURE 3. BASIC MODE DEFINITIONS & BUS INTERFACE 


TABLE 1. 


jas | a0 | wo [we | os | Mea 
(READ) 

re fotos |e [ranpaas 

Ti [re [rene Daasie 

Tio [rena 

i [0 [centers Gaia Bos 


TABLE 2. 


OUTPUT OPERATION 
(WRITE) 
ata Bus - PortA 


D 
Data Bus - Port B 
Data Bus - Port C 


Data Bus - Control Word 


TABLE3. | 


LAt | ao_| Ro | wa | Cs | DISABLE FUNCTION _ 
PAPA E See oe 
Px | x} tft | 0 [oataBus-sstate 


CONTROL WORD 


Erbe os oalpel calor ce 


PORT C (LOWER) 
1=INPU 
0 = OUTPUT 


0 = OUTPUT 


MODE SELECTION 
0 z MODE 0 
1 = MODE 1 


GROUP A 
PORT C (UPPER) 
1=INPU 
0 = OUTPUT 


1=INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1 = ACTIVE 


FIGURE 4. MODE SET CONTROL WORD FORMAT 
Mode Selection 


There are three basic modes of operation that can be 
selected by the system software: 


Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bidirectional Bus 


When the RESET input goes “high”, all ports will be set to 
the input mode with all 24 port lines held at the logic “one” 
level by internal bus hold devices. After reset, the HS- 
82C55ARH can remain in the input mode with no additional 
initialization required. This eliminates the need for pullup or 
pulldown resistors in all CMOS designs. During the 
execution of the system program, any of the other modes 
may be selected using a single output instruction. This 
allows a single HS-82C55ARH to service a variety of 
peripheral devices with a simple software maintenance 
routine. 


The modes for Port A and Port B can be separately defined 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, 
including the status register, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be “tailored” to almost any I/O struc- 
ture. For instance: Group B can be programmed in Mode 0 
to monitor simple switch closings or display computational 
results, Group A could be programmed in Mode 1 to monitor 
a keyboard or tape recorder on an interrupt-driven basis. 
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The mode definitions and possible mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical I/O approach will 
surface. The design of the HS-82C55ARH has taken into 
account things such as efficient PC board layout, control 
signal definition vs PC layout and complete functional 
flexibility to support almost any peripheral device with no 
external logic. Such design represents the maximum use of 
the available pins. 


CONTROL WORD 


FIGURE 5. BIT SET/RESET CONTROL WORD FORMAT 


Single Bit/Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. See Figure 5. This feature 


Interrupt Control Functions 


When the HS-82C55ARH is programmed to operate in Mode 
1 or Mode 2, control signals are provided that can be used 
as interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enable by 
setting or resetting the associated INTE flip-flop, using the 
Bit Set/Reset function of Port C. 


This function allows the programmer to enable or disable a 
CPU interrupt by a specific 1/O device without affecting any 
other device in the interrupt structure. 


INTE Flip-Flop Definition: 
(BIT-SET) - INTE is SET - Interrupt enable. 
(BIT-RESET) - INTE is RESET - Interrupt disable. 


NOTE: All mask flip-flops are automatically reset during 
mode selection and device Reset. 


Operating Modes 
Mode 0 (Basic Input/Output) 


This functional configuration provides simple input and out- 
put operations for each of the three ports. No handshaking it 
required, data is simply written to or read from a specific 
port. 


Mode 0 Basic Functional Definitions: 
° Two 8-bit ports and two 4-bit ports 
e Any port can be input or output 

° Outputs are latched 


reduces software requirements in control-based « Inputs are not latched 
applications. ° 16 different Input/Output configurations possible 
MODE 0 (BASIC INPUT) 
TRLRH 
AD | 
INPUT Ce Sean ee 
CS, At, AO iar Pacer Paaee 
G7-00 <eveeenecneeeeeeenenenen ee) ee 
TRLDV <— TRHDX —> 
MODE 0 (BASIC OUTPUT) 
TWLWH 
WR . 
eras =a pe 
| ~<—— TAVWL , TWHAX 
a CD 


11-107 


uPROCESSOR 


PERIPHERALS 


HS-82C55ARH 


Mode 0 Port Definition a ; | 


GROUP B 


- PORTB PORT C (LOWER) 


Output 


Output | Input 


Output 


Mode 0 Configurations 


CONTROL WORD #0 CONTROL WORD #1 

D7 D6 DS D4 D3 D2 D1 DO D7 D6 DS D4 D3 D2 D1 DO 

ifofolofolojolo| t}ojojojojojoja 
PA7 - PAO PA7 - PAO 
PC7 -PC4 PC7 -PC4 

D7 -D0 

PC3 - PCO PC3 - PCO 
PB7 - PBO 


PB7 - PBO 


CONTROL WORD #2 ‘CONTROL WORD #3 


D7 D6 D5 D4 D3 D2 Di DO “D7 D6 DS D4 D3 D2 D1 DO 
t}ojofojojo}s fol ; tfofofofofots]s| 


PA7 - PAO 


PC7 -PC4 
D7 - DO D7 - DO 


PC3 - PCO 


PB7 - PBO 
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Mode 0 Configurations (Continued) 
CONTROL WORD #4 
D7 D6 D5 D4 D3 D2 D1 DO 


tfofo}ols}ojojo| 


CONTROL WORD #5 
D7 D6 DS D4 D3 D2 D1 DO 


PAT - PAO PAT - PAO 
+. poz -pcs PCT -PC4 
D7 - DO ; 
PC3- PCO PC3 - PCO 
“—> pp7-PBo PB7 - PBO 
CONTROL WORD #6 CONTROL WORD #7 
D7 Dé D5 D4 D3 D2 Di DO D7 Dé D5 D4 D3 D2 D1 DO 
tfofofo}sfolsfo| tpofofofsfols]s| 
PAT - PAO PAT - PAO 
PCT -PC4 PCT -PCA4 
D7 - Do 
PC3 -PCO PC3 -PCO 
PB7 - PBO PB7 - PBO 
CONTROL WORD #8 CONTROL WORD #9 
D7 D6 D5 D4 D3 D2 D1 DO D7 Dé D5 D4 D3 D2 D1:DO 
1}o}o}+}ojofojo| tpofolsfofojojs] | 
PAT - PAO PAT - PAO 
PCT -PCA4 PCT - PCA 
D7 - Do D7 - DO 
PC3-PCO « PC3 - PCO co 
oO - 
PB7 - PBO PB7 - PBO Hs cr 
ud 
9 & 
EG 
CONTROL WORD #10 CONTROL WORD.#11 30. 
D7 D6 D5 D4 D3 D2 D1 DO D7 Dé D5 D4 D3 D2 D1 DO 
tpofo{+jofolsfo tpofofsfofofs]a 
PAT - PAO PAT - PAO 
PCT -PC4 PC7 - PCA 
D7 - DO D7 - DO 
PC3 - PCO PC3 - PCO 
PB7 - PBO PB7 - PBO 
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Mode 0 Configurations (Continued) 
CONTROL WORD #12 


D7 Dé D5 D4 D3 D2 Di DO 


PA7 - PAO 


: PC7 - PC4 
D7-DO 
PC3 - PCO 


PB7 -PBO 


CONTROL WORD #14 


D7 D6 D5 D4 D3 D2 D1 DO 


PA7 - PAO 


PC7 - PC4 
D7 - DO 4 
_ PC3 - PCO 
8 PB7 - PBO 
Operating Modes. _ 


Mode 1 (Strobed Input/Output) 


This functional configuration provides a means for transfer- 
ring I/O data to or from a specified port in conjunction with 
strobes or “handshaking” signals. In Mode 1, Port A and Port 
B use the lines on Port C to generate or accept these “hand- 
shaking” signals. . 


Mode 1 Basic Functional Definitions: 


Two Groups (Group A and Group B) 


Each group contains one.8-bit port and one. 4-bit control/ 
data port. 


The 8-bit data port can be either input or output. Both 
inputs and outputs are latched. _- 


The 4-bit port is used for control and status of the 8-bit 
port. 


Input Control Signal Definition: 
STB (Strobe Input) 

A “low’ on this input loads data into the input latch. 
IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgment. 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. — | 


CONTROL WORD #13 
D7 D6 D5 D4 D3 D2 Di DO 


PA7 - PAO 


PC7 - PC4 
D7 - DO e 
PC3 - PCO 
PB7 - PBO 
CONTROL WORD #15 
D7 Dé DS D4 D3 D2 D1 DO 
: | 
PA7 - PAO 
4 
PC7 - PC4 
D7 - Do 4 
—> PC3-PCO 
8 
PB7 - PBO 


INTR (interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set_by 
the rising edge of STB and reset by the falling edge of RD. 
This procedure allows an input device to request service 
from the CPU by simply strobing its data into the port: 


INTE A 
Controlled by Bit Set/Reset of PC4. 
INTE B 


Controlled by Bit Set/Reset of PC2. 
MODE 1 (PORT A) 


_ MODE 4 (PORT B) 


CONTROL WORD CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO D7 Dé D5 D4 D3 D2 D1 DO 
Pods] oD = KD 
{= INPUT ; 


0 = OUTPUT 


STB Sib 

A B 

IBF IBF 

A B 
RD -e RD 


FIGURE 6. MODE 1 INPUT 
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STB 


INPUT FROM 
PERIPHERAL 


FIGURE 7. MODE 1 (STROBED INPUT) 


Output Control Signal Definition 


OBF (Output Buffer Full F/F) 


The OBF output will go “low’ to indicate that the CPU has 
written data out to the specified port. This does not mean 
valid data is sent out of the port at this time since OBF can 
go true before data is available. Data is guaranteed valid at 
the rising edge of OBF. See Note 1. The OBF F/F will be set 
by the rising edge of the WR input and reset by ACK input 
being low. 


ACK (Acknowledge Input) 


A “low’ on this input informs the HS-82C55ARH that the data 
from Port A or Port B is ready to be accepted. In essence, a 
response from the peripheral device indicating that it is 
ready to accept data. See Note 1. 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an output device has accepted data transmitted by the 
CPU. INTR is set by the rising edge of ACK and reset by the 
falling edge of WR. 


MODE 1 (PORT A) 
CONTROL WORD 


MODE 1 (PORT B) 
CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO 


DDD + | o 


D7 D6 D5 D4 D3 D2 Di DO 


fo} a] ojo) 
PC4,5 


1 =INPUT 
0 = OUTPUT 


FIGURE 8. MODE 1 OUTPUT 


INTE A 
Controlled by Bit Set/Reset of PC6. 
INTE B 
Controlled by Bit Set/Reset of PC2. 


TWHOL 


TWLNL 
ACK 
OUTPUT D. 
TWHPV 
FIGURE 9. MODE 1 (STROBED OUTPUT) 
NOTE: 


1. To strobe data into the peripheral device, the user must operate 
the strobe line in a hand shaking mode. The user needs to send 
OBF to the peripheral device, generate an ACK from the periph- 
eral device and then latch data into the peripheral device on the 
rising edge of OBF. 

Combinations of Mode 1: Port A and Port B can be individu- 
ally defined as input or output in Mode 1 to support a wide 
variety of strobed I/O applications. 


PORT A (STROBED INPUT) PORT A (STROBED OUTPUT) 
PORT B (STROBED OUTPUT) PORT B (STROBED INPUT) 
CONTROL WORD CONTROL WORD 


D7 D6 D5 D4 D3 D2 Di DO 


jt fo} Jo jr} 3} 4 XK 
PC4, 5 


1 = INPUT 
0 = OUTPUT 


D7 D6 DS D4 D3 D2 D1 DO 


4 fo} 1} fro} a Jo PX 


FIGURE 10. COMBINATIONS OF MODE 1 
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Operating Modes 
MODE 2 (Strobed Bidirectional Bus I/O) 


The functional configuration provides a means for communi- 
cating with a peripheral device or structure on a single 8-bit 
bus for both transmitting and receiving data (bidirectional 
bus I/O). “Handshaking” signals are provided to maintain 
proper bus flow discipline similar to MODE 1. Interrupt gen- 
eration and enable/disable functions are also available. 


Mode 2 Basic Functional Definitions: 
e Used in Group A only. 


¢ One 8-bit, bidirectional bus port (Port A) and a 5-bit control 
port (Port C). 


¢ Both inputs and outputs are latched. 


¢ The 5-bit control port (Port C) is used for control and 
status for the 8-bit, bidirectional bus port (Port A). 


Bidirectional Bus I/O Control Signal Definition 
INTR (Interrupt Request) 


A high on this output can be used to interrupt the CPU for 
both input or output operations. INTR will be set either by the 
rising edge of ACK (INTE1 = 1) or the rising edge of STB 
(INTE2 = 1). INTR will be reset by the falling edge of WR (if 
previously set by the rising edge or ACK), the _the falling edge of 
RD (if previously set by the rising edge of STB), or or the falling 
edge of WR when _immediately following a low RD pulse or 
the falling edge of RD when immediately following a low WR 
pulse (if previously set by the rising edges of both ACK and 
STB). 


Output Operations 
OBF (Output Buffer Full) 


The OBF output will go “low” to indicate that the CPU has 
written data out to Port A. 


ACK (Acknowledge) 


A “low” on this input enables the tri-state output buffer of Port 
A to send out the data. Otherwise, the ee buffer will be in 
the high impedance state. 


INTE 1 (The INTE Flip-Flop Associated with OBF) 
Controlled by Bit Set/Reset of PC6. 

Input Operations 

STB (Strobe Input) 

A “low’ on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 


A “high” on this output indicates that data has been loaded 
into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF) 
Controlled by Bit Set/Reset of PC4. 


CONTROL WORD 
D7 D6 D5 D4 D3 D2 Di DO 


Texel 


PC2- PCO 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


GROUP B MODE 
0 = MODE 0 
1 = MODE 1. 


FIGURE 11. MODE CONTROL WORD 


FIGURE 12. MODE 2 (BIDIRECTIONAL) 


DATA FROM CPU 
/, TO HS-82C55ARH 


; CE mo} fe 
rawou =, 
INTR | es 
ACK 
TSLSH 4 
“ Pel 
IBF a 
nee , TKHPX 
TKLPV 
TPVSH | 
PERIPHERAL ----------- amma. Oh? aus ee 
BUS 
TRHIL 
DATAFROM PEM —-PATAEROM, 
PHERAL TO TO PERIPHERAL DATAFROM 
HS-82C55ARH HS-G2C55ARH 


NOTE: Any sequence where WR occurs before ACK and STB occurs 


before RD is permissible. 
FIGURE 13. MODE 2 (BIDIRECTIONAL) 
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MODE DEFINITION SUMMARY 


Special Mode Combination Considerations 


There are several combinations of modes possible. For any 
combination, some or all of Port C lines are used for control 
or status. The remaining bits are either inputs or outputs as 
defined by a “Set Mode” command. 


During a read of Port_C, the state of all the Port C lines, 
except the ACK and STB lines, will be placed on the data 
bus. In place of the ACK and STB line states, flag status will 
appear on the data bus in the PC2, PC4, and PC6 bit 
positions as illustrated by Figure 17. 


Through a “Write Port C” command, only the Port C pins pro- 
grammed as outputs in a Mode O group can be written. No 
other pins can be affected by a “Write Port C’ command, nor 
can the interrupt enable flags be accessed. To write to any 
Port C output programmed as an output in a Mode 1 group 
or to change an interrupt enable flag, the “Set/Reset Port C 
Bit” command must be used. 


With a “Set/Reset Port C Bit” command, any Port C line 
programmed as an output (including IBF and OBF) can be 
written, or an interrupt enable flag can be either set or reset. 
Port C lines programmed as inputs, including ACK and STB 
lines, associated with Port C fare not affected by a “Set/ 
Reset Port C Bit” command. Writing to the corresponding 
Port C bit positions of the ACK and STB lines with the “Set/ 
Reset Port C Bit’ command will affect the Group A and 
Group B interrupt enable flags, as illustrated in Figure 17. 


Mode 0O or 
Mode 1 Only 


INPUT CONFIGURATION 


D7 D6 D5 D4 D3 D2 D1 DO 
ee [el | 
GROUP B 


GROUP A 


OUTPUT CONFIGURATION 
D7 D6 D 


5 D4 D3 D2 D1 DO 


GROUP B 


GROUP A 


_ FIGURE 15. MODE 1 STATUS WORD FORMAT 


D7 D6 D 


5 D4 D3 D2 D1 DO 
ESESES 
GROUP B 


GROUP A 
NOTE: (Defined by Mode 0 or Mode 1 Selection) 


FIGURE 16. MODE 2 STATUS WORD FORMAT 
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Current Drive Capability 


Any output on Port A, B or C can sink or source 2.5mA. This 
feature allows the 82C55A to directly drive Darlington type 
drivers and high-voltage displays that require such sink or 
source current. . | 


Reading Port C Status (Figures 15 and 16) 


In Mode 0, Port C transfers data to or from the peripheral 
device. When the 82C55A is programmed to function in 
Modes 1 or 2, Port C generates or accepts “hand shaking” 
signals with the peripheral device. Reading the contents of 
Port C allows the programmer to test or verify the “status” of 
each peripheral device and change the program flow accord- 
ingly. 


There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed to 
perform this function. 


_ INTERRUPT ALTERNATE PORT C 
ENABLE FLAG* POSITION PIN SIGNAL (MODE) 
INTEB PC2 ACKB (Output Mode 1) or 
STBB (Input Mode 1) 
INTE A2 PC4 STBA (Input Mode 1 or 
Mode 2) 
INTE A1 PC6 -ACKA (Output Mode 1 or 
| Mode 2) 


FIGURE 17. INTERRUPT ENABLE FLAGS IN MODES 1 AND 2 
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Radiation Hardened 
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SEMIC 


December 1992 CMOS Static Clock Controller/Generator 
Features Pinout 
e Radiation Hardened 24 PIN DIP 
- Total Dose > 10° RAD(Si) CASE OUTLINE D-3, CONFIGURATION 3 
- Transient Upset > 10° RAD(SiV/s TOP VIEW 
- Latch Up Free EPI-CMOS 
- Functional After Total Dose 1 x 10° RAD(Si) csync [1] 
e Very Low Power Consumption PCLK 12] 
° Pin Compatible with NMOS 8285 and Harris 82C85 eh = 
e Generates System Clocks for Microprocessors and READY [5] 
Peripherals ale 
¢ Complete Control Over System Clock Operation for END 
Very Low System Power 
- Stop-Oscillator CLK [8 
- Stop-Clock GND [9| 
- Low Frequency (Slo) Mode CLK50 [10 
- Full Speed Operation START [11 
e DC to 15MHz Operation (DC to 5MHz System Clock) SLOMFST 
e Generates Both 50% and 33% Duty Cycle Clocks 
(Synchronized) 
e Uses Either Parallel Mode Crystal Circuit or External 24 PIN FLATPACK 
Frequency Source | CASE OUTLINE F-6A, CONFIGURATION 2 
e Hardened Field, Self-Aligned, Junction Isolated CMOS TOP VIEW | 
Process 


° Single 5V Supply 
¢ Military Temperature Range -55°C to +125°C 


Description | CSYNC C221 1 VDD 
; at PCLK C—— 2 x1 
The Harris HS-82C85RH is a high performance, radiation AENT C— x2 


hardened CMOS Clock Controller/Generator designed to 


RDY1 C— ASYNC 
Support systems utilizing radiation hardened static CMOS | peany c— EFI 
microprocessors such as the HS-80C86RH. The HS- RDY2 C— FIG 
82C85RH contains a crystal controlled oscillator, reset pulse AEN2 Co 
conditioning, halt/restart logic, and divide-by-256 circuitry. CLK Co RES 
These features provide the means to stop the system clock, GND Co RESET 


stop the clock oscillator, or run the system at a low frequency cLK50 Co 
(CLK/256), enhancing control of static system power START C— 
dissipation and allowing system shut-down during periods of | SLovFst 7 
external stress. 


TUWUUUUUUULT 


uPROCESSOR 
PERIPHERALS 


Static CMOS circuit design insures low operating power and 
permits operation with an external frequency source from 
DC to 15MHz. Crystal controlled operation to 15MHz is 
guaranteed with the use of a parallel, fundamental mode 
crystal and two small load capacitors. Outputs are guaran- 
teed compatible with both CMOS and TTL specifications. 
The Harris hardened field CMOS process results in perfor- 
mance equal to or greater than existing radiation resistant 
products at a fraction of the power. | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3044 
Copyright © Harris Corporation 1992 41-115 


HS-82C85RH 


Pin Description 


PIN 
Se] CRYSTAL CONNECTIONS: X1 and X2 are the crystal oscillator connections. The crystal 
0 


frequency must be three times the maximum desired processor clock frequency. X1 is the | 
: 3 


oscillator circuit input and X2 is the output of the oscillator circuit. 
EXTERNAL FREQUENCY IN: When F/C is HIGH, CLK is generated from the EFI input signal. 
: 
S0 
bes 
S2/STOP 


This input signal should be a square wave with a frequency of three times the maximum desired 
- | 


CLK output frequency. 
PCLK PERIPHERAL CLOCK: RCLK is a peripheral clock signal whose output frequency is equal to the 


FREQUENCY/CRYSTAL SELECT: F/C selects either the crystal oscillator or the EFI input as the 
; ue 


main frequency source. When F/C is LOW, the HS-82C85RH clocks are derived from the crystal 
oscillator circuit: When F/C is HIGH; CLK is generated from the EFI input. F/C cannot be dynam- 
ically switched during normal operation. 


A low-to-high transition on START will restart the CLK, CLK50 and PCLK outputs after the 
appropriate restart sequence is completed. 


When in the crystal mode (F/C LOW) with the oscillator stopped, the oscillator will be restarted 
when a Start command is received. The CLK, CLK50 and PCLK outputs will start after the oscil- 
lator input signal. (X1) reaches the Schmitt trigger input threshold and an 8K internal counter 
reaches terminal count. If F/C is HIGH (EFI mode), CLK, CLK50 and PCLK: will restart within 3 
EFI cycles after START is recognized. — 


The HS-82C85RH will restart in the same mode (SLO/FST) in which it stopped. A high level on 
START disables the STOP mode. 


S2/STOP, S1, SO are used to stop the HS-82C85RH clock outputs (CLK, CLK50, PCLK) and are 
sampled by the rising edge of CLK. CLK, CLK50 and PCLK are stopped by S2/STOPS1, SO being 
in the LHH state on the low-to-high transition of CLK. This LHH state must follow a passive HHH 
state occurring on the previous low-to-high CLK transition. CLK and CLK50 stop in the high state. 
PCLK stops in it’s current state (high or low). 


When in the crystal mode (F/C) low and a STOP command is issued, the HS-82C85RH oscillator 
will stop along with the CLK, CLK50 and PCLK outputs. When in the EFI mode, only the CLK, 
CLK50 and PCLK outputs will be halted. The oscillator circuit if operational, will continue to run. 
The oscillator and/or clock is restarted by the START input signal going true (HIGH) or the reset 
input (RES) going low. 


SLO/FST is a level-triggered input. When HIGH, the CLK and CLK50 outputs run at the maximum 
frequency (crystal or EFI frequency divided by 3). When LOW, CLK and CLKS0 frequencies are 
equal to the crystal or EFI frequency divided by 768. SLO/FST mode changes are internally 
synchronized to ‘eliminate glitches on the CLK and CLK50. START and STOP control of the 
oscillator or EFI is available in either the SLOW or FAST frequency modes. 


The SLO/FST input must be held LOW for at least 195 OSC/EFI clock cycles before it will be 
recognized. This eliminates unwanted frequency changes which could be caused by glitches or 
noise transients. The SLO/FST input must be held HIGH for at least 6 OSC/EFI clock pulses to 
guarantee a transition to FAST mode operation. 


PROCESSOR CLOCK: CLK is the clock output used by the HS-80C86RH processor and other 
peripheral devices. When SLO/FST is high, CLK has an output frequency which is equal to the 
crystal or EFI input frequency divided by three. When SLO/FST is low, CLK has an output frequen- 
cy which is equal to the crystal or EFI input frequency divide by 768. CLK has a 33% duty cycle. 


50% DUTY CYCLE CLOCK: CLK50 is an an auxiliary clock with a 50% duty cycle and is synchro- 
nized to the falling edge of CLK. When SLO/FST is high, CLK50 has an output frequency which 
is equal to the crystal or EFI input frequency divided by 3. When SLO/FST is low, CLK50 has an 
output frequency equal to the crystal or EFI input frequency divided by 768. 


crystal or EFI input frequency divided by six and has a.50% duty cycle. PCLK frequency is 
unaffected by the state of the SLO/FST input. 


OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuitry. Its frequency is 
equal to that of the crystal oscillator circuit. OSC is unaffected by the state of the SLO/FST input. 


When the HS-82C85RH is in the crystal mode (F/C LOW) and a STOP command is issued, the 
OSC output will stop in the HIGH state. When the HS-82C85RH is in the EFI mode (F/C HIGH), 
the oscillator (if operational) will continue to run when a STOP command is issued and OSC 
remains active. 
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HS-82C85RH 


Pin Description (continued) 


RESET IN: RES is an active LOW signal which is used to generate RESET. The HS-82C85RH 
provides a Schmitt trigger input so that an RC connection can be used to establish the power-up 
reset of proper duration. RES starts crystal oscillator operation. 


RESET: RESET is an active HIGH signal which is used to reset the HS-80C86RH processor. Its 
timing characteristics are determined by RES. RESET is guaranteed to be HIGH for a minimum 
of 16 CLK pulses after the rising edge of RES. 


CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple HS- 

-82C85RHs to be synchronized to provide multiple in-phase.clock signals. When CSYNC is HIGH, 
the internal counters are reset and force CLK, CLK50 and PCLK into a HIGH state. When CSYNC 
is LOW, the internal counters are allowed to count and the CLK,CLK50 and PCLK outputs are 
active. CSYNC must be externally synchronized to EFI. 


ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus 


Ready Signal (RDY1 or RDY2). AEN1 validates RDY1 while AEN2 validates RDY2. Two AEN 
signal inputs are useful in system configurations which permit the processor to access two Multi- 
Master System Buses. 


BUS READY: : (Transfer Complete). RDY is an active HIGH signal which is an indication from a 
device located on the system data bus that data has been received, or is available. RDY1 is 
qualified by AEN1 while RDY2 is qualified by AEN2. 


READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is LOW, two stages of READY synchronization are pro- 
vided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 


‘READY: READY is an active HIGH signal which is used to inform the HS-80C86RH that it may 
.conclude a pending data transfer. 


24 a aa +5V power supply 


Functional Diagram 


RESET PULSE , PS (16) RESET 
CONDITIONING 


RES (17) LJ 
LOGIC 


RESTART 
: LOGIC 


START (11) [7 
CSYNC (1) [3 SYNC . 
|} sLoaic PS (8) CLK 
as so ZY 
TOrst 12) SPEED SELECT DF 
ee aeons [caste > (410) CLK50 D c 
“EXTERNAL | 
FREQUENCY |____ oe OF 
EFI (20) Ly eiaiata PERIPHERAL | © 
, S , 
| poe | ELECTED OSC “CLOCK mS, (2) PCLK a 
X2 (22) [3 ‘(+ 6) 
tent OSCILLATOR = PS, (18) OSC 
“S2/SToP (15) [L) 
STOP 
s1 (14) [D STOP | HALT 
so (13) [> 7 : 
-rovi(4) [> : | 
gees READY 
Aen (3) [ED neaoy steed PS, (5) READY 
_ AEN2(7) LO SELECT 
RDY2(6) [> (24) VDD 
(9) GND 
ASYNG (21) [7 
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Specifications. HS-82C85RH — 


Absolute Maximum Ratings Reliability Information 


Supply Voltage oss exalt ase esa eesiaes *,...+7.0V Thermal Resistance - ja tee 
Input, Output or I/O Voltage ............. VSS-0.3V to VDD+0.3V Brazed Seal DIP Package............ 61.1°C/W 14.7°CW 
Storage Temperature Range ........... See 65°C to +150°C Brazed Seal Flatpack Package ........ —-61.1°C/W 14.7°C/W 
Junction Temperature........... ace cee ‘ses. +175°C Maximum Package Power Dissipation at +125°C 

Lead Temperature (Soldering 10s).............eeeeees . +300°C _Brazed Seal DIP Package. ......... cece cece ee eeees 0.82W 
‘Typical Derating Factor.......... 5.33mA/MHz Increase in IDDOP Brazed Seal Flatpack Package ............ceeeeeeeee 0.82W 


ESD Classilication: « «cck05 ¢sawss oan0e Gees «de ee wows Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above.those indicated in the operational sections of this specification is not implied. 


Operating Conditions _ : | | 
Operating Voltage Range. ..........0..2-0005- +4.5V to +5.5V Input Low Voltage...... Fit ete ita es ete iatee toned . .OV to +0.8V 


Operating Temperature Range.............66. -55°C to+125°C — Input.High Voltage....... 0... cece eee cece eeees 3.5V to VDD 
RESET Input High Voltage... 2... 0... cece eee eee 3. 5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS - 


IT 
GROUP A auliees 

PARAMETER SYMBOL CONDITIONS SUBGROUP | TEMPERATURE | MIN | MAX UNITS 
CLK or CLK50 Output VDD = 4.5V, IO = -5.0mA, -55°C, +25°C, | VDD- 
High Voltage VIN = OV or 4.5V +125°C 0.4 
Output High Voltage VOH | VDD=4.5V,10=-2.5mA, “55°C, +25°C, | vDb- 

— | VIN=0Vor4.5V +125°C 0.4 
Output Low Voltage =| VOL. . | VDD=4.5V,1I0=5.0mA, 
fae | -| VIN = OV or 4.5V 


-55°C, +25°C, 
+125°C 
Input Leakage Current | IiLorlIH | VDD =5.5V, VIN =0V or 5.5V, | 


-55°C, +25°C, | -1.0 | 1.0 pA 
Input Pins except: 11 to 15, 21, +125°C | 
23 
Bus Hold High Leakage IBHH VDD = 4.5V, 5.5V, VIN = 3. OV, -55°C, +25°C, 
Current (Note 1) Pins: 11 to 15, 21 +125°C 


—) 
b 
EE 


Standby Power Supply IDDSB_- | VDD = 5.5V, VIN = GND or -55°C, +25°C, 
Current VDD, IO = OmA 


Operating Power : IDDOP VDD = 5.5V, VIN = GND or 


+125°C 


-55°C, +25°C, - 


Supply Current VDD, IO = OmA, Crystal +125°C 


Frequency = 15MHz 


Functional Tests VDD = 4.5V and 5.5V, 7, 8A, 8B -55°C, +25°C, 
VIN = GND or VDD, f = 1MHz +125°C 


Noise Immunity _—. VDD = 5.5V, 7, 8A, 8B - -55°C, +25°C, 
VIN = GND or 3.5V +125°C 
and | 

VDD = 4.5V, 

VIN = 0.8V or VDD 


Functional Test 


NOTE: 
1. IBHH should be measured mee raising VIN to VDD and then oe to 3.0V 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, Ta = 55°C to 25°C . 


GROUP A seal 
PARAMETER SYMBOL | CONDITIONS | SUBGROUP | TEMPERATURE 


wT unis 
TIMING REQUIREMENTS 


External peg ene High TEHEL |90%-90% -55°C, 725°C, H25°C_ 
Time VIN 
External Erequency Low TELEH 10% - 10% -55°C, 725°C, +125°C 
Time VIN 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C (Continued) 


fees | LIMITS 
PARAMETER SYMBOL | CONDITIONS | SUBGROUP TEMPERATURE | MIN | MAX | UNITS 


EFI or Crystal Period TELEL ae 9, 10, 11 -55°C, +25°C, +125°C | a. ee ee ee 


External Frequency Input TEFIDC -55°C, +25°C, +125°C 45 % 
Duty Cycle 
FX 


Crystal Frequency 


RDY1, RDY2 Active Setup TRIVCL | ASYNC = 


RDY1, RDY2 Active Setup TRIVCH | ASYNC = Low 


RDY1, RDY2 Inactive Setup | TRIVCL 


RDY1, RDY2 Hold to CLK TCLR1X 
ASYNC Setup to CLK TAYVCL 


ASYNC Hold to CLK TCLAYX 


RENT, AEN2 Setup to 
RDY1, RDY2 

AEN1, AEN2 Hold to CLK 
CSYNC Setup to EFI TYH 
CSYNC Hold to EFI 
CSYNC Pulse Width 
RES Setup to CLK 


SO, S1, S2/STOP Setup to TSVCH 


2/STOP Hold to TCHSX 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


9, 10, 11 


9, 10, 11 -55°C, +25°C, +125°C 


o roy 
QO Q 
aes - 
A A 


9, 10, 11 -55°C, +25°C, +125°C 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


9, 10, 11 
9, 10, 11 
9, 10, 11 
9, 10, 11 


i 
?) 
i 
A 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 1 
-55°C, +25°C, +125°C 2TELEL 
-55°C, +25°C, +125°C 105 

-55°C, +25°C, +125°C 


1 


m 
SB 
NN 


N 


9, 10, 11 


9, 10, 11 


2) 
~ 
A 


on 
oP) 
oh 
” 


9, 10, 11 -55°C, +25°C, +125°C 


RES, START Setup to CLK | TRSVCH 


RES (Low) or START (High) TSHSL 
Pulse Width 
SLO/FST Setup to PCLK TSFPC 


TIMING RESPONSES 


CLK/CLK50 Cycle Period TCLCL 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 


9, 10, 11 


9, 10, 11 2/3 TCLCL 


TEHEL+170 


ve) 
oy 
— 
aa 
N 


i | 
i 
A 


9, 10, 11 -55°C, +25°C, +125°C 


9, 10, 11 -55°C, +25°C, +125°C 200 


TCLCL-20 
TCLCL-20 


9, 10, 11 
9, 10, 11 
9, 10, 11 
9, 10, 11 


-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C 
-55°C, +25°C, +125°C | 2/3(TCLCL)- 


PCLK HIGH Time TPHPL 
PCLK LOW Time TPLPH 
Ready Inactive to CLK TRYLCL | Note 4 


Ready Active to CLK TRYHCH 


CLK to Reset Delay TCLIL 


eee | co 

CLK HIGH Time TCHCL 9,10,11 | -55°C, +25°C, +125°C (1/3 Oz 

| TCLCL)+3 gy o 

ul 

CLK LOW TCLCH 9,10,11 | -55°C, +25°C, +125°C (2/3 9 © 

TCLCL)-15 re 

CLK50 HIGH Time TSCHCL 9,10,11 | -55°C, +25°C, +125°C (1/2 7.7 
TCLCL)-7.5 

CLK50 LOW Time T5CLCH 9,10,11 | -55°C, +25°C, +125°C (1/2 

TCLCL)-7.5 


— 
ao 


9, 10, 11 -55°C, +25°C, +125°C 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS VDD = 4.5V, T, = -55°C to +125°C (Continued) 


_ SUBGROUP 


-55°C, +25°C, +125°C 
-5§°C, +25°C, +125°C 


NOTES: . 
1. ACs tested at worst case VDD, guaranteed over full operating range 

. Setup and hold necessary only to guarantee recognition at next clock 

. Applies only to T3, TW states 

. Applies only to T2 states 

. All timing delays are measured at 1.5V, unless otherwise noted . 

. Timing measurements made with EFI duty cycle = 50% 


oa f G NM 


TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


PARAMETER _ SYMBOL CONDITION TEMPERATURE 
Input Capacitance VDD = Open, f = 1MHz, Note 2 Ts = +25°C 
RESET Input Hysteresis (+)VT - (-)VT | VDD = 4.5V and 5.5V -55°C < Ty < +125°C 


Output Capacitance COUT VDD = Open, f = 1MHz, Note 2 Ta = +25°C 
RES or START Valid to TSTART VDD = 4.5V and 5.5V -55°C < Ty < +125°C | 2TELEL+3 
CLK Low . 


LIMITS ; 


UNITS 


nome mo) 


TIMING REQUIREMENTS 


3TCHCH 
. +55 


STOP Command Valid to TSTOP =| VDD = 4.5V and 5.5V “55°C < Ty < +125°C | TCLCL + 
CLK High | TCLCH 


J é 


TIMING RESPONSES 


CLK/CLK50 Rise Time TCHICH2 | VDD =4.5V and 5.5V, 1.0V to | -55°C < Ty < +125°C 
3.5V 

CLK/CLKS0O Fall Time. TCLICL2 VDD = 4.5V and 5.5V, 3.5V to | -55°C < Ty < +125°C 
1.0V 


Output Fall Time (Except . TOHOL VDD = 4.5V and 5.5V, 2.0V to | -55°C < Ta< +125°C 
CLK) — ; 0.8V 

Start/Reset Valid to CLK TOST VDD = 4.5V and 5.5V (TYP) -55°C < Ty < +125°C 
Low . Note 3 


RESET Output Time High TRST VDD = 4.5V and 5.5V -55°C < Ty < +125°C | 16(TCLCL) 


1. The parameters listed in table 3 are controlled via design or process parameters and are not directly tested. These parameters are 
characterized upon initial design release and upon design changes which would affect these characteristics. . 


2. All measurements referenced to device ground. 


3. Oscillator start-up time depends on several factors including crystal frequency, crystal manufacturer, capacitive load, temperature, power 
supply voltage, etc. This parameter is given for information only. 


Output Rise Time (Except TOLOH VDD = 4.5V and 5.5V, 0.8V to | -55°C < Ty < +125°C 
CLK) 2.0V . 
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TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 
See +25°C limits in Table 1 and Table 2 for Post RAD limits (Subgroups 1, 7, 9) 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


1,7,9 


Final Test 100%/5004 2, 3, 8A, 8B, 10, 11 2, 3, 8A, 8B, 10, 11 


AC Test Circuit 


VDD 


R (NOTES 1, 2) 


T CL (NOTE 4) 


FROM OUTPUT 
UNDER TEST 


NOTES: 
1. R= 370Q at V = 2.25 for CLK and CLK50 outputs. 
2. R= 494Q at V = 2.87 for all other outputs. 
3. CL = 50pF. 
4. CL Includes probe and jig capacitance. 
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1,7 


Samples/5004 1, 2, 3, 7, 8A, 8B, 9, 10, 11 1, 2, 3, 7, 8A, 8B, 9, 10, 11 


uPROCESSOR 
PERIPHERALS 


_HS-82C85RH 


Waveforms 
WAVEFORMS FOR CLOCKS 


|x- TELEL 
EFII a 
Osco | | 7 
iar } 
. TOHCH ™ a TOLCH ae CLK AND CLK50 
TCHCL 


CLKO | i TCH1CH2 
: 3.5V “---- 
1.0V 
, | TCL2CL1 
T5CLCH 
CLK50 0 _k> 


>| TSCHCL =< 
TCLPH . TCLPL 
PCLK O : 5 | ™“~ 
tw TYHEH 3 TPHPL TPLPH —>| 
Le TEHYL 
csYNCI _Vac 
>| TYHYL 


NOTE: All timing measurements are made at 1.5V, unless otherwise noted 


WAVEFORMS FOR READY SIGNALS (FOR ASYNCHRONOUS DEVICES — 


AENT, 2 7 | | MME@: LLL 
ASYNG VhYlh YttlldbtbhthttbhtthHWYw 
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Waveforms (Continued) 


CLK 


RDY1, 2 


AEN1, 2 


READY 


EFI 


CLK 


CLK50 


PCLK 


S2/STOP 


ES 


START 


WAVEFORMS FOR READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


TCLR1X 


TRIVCL 


TAIVR1IV TCLR1X 


WILL, 


TCLAIX > kK 


TAYVCL 


TCLAYX 


—>| TRYHCH TRYLCL 


CLOCK STOP (F/C HIGH OR F/C LOW) 


! | f bl 

arom A ma BIA Mmmfa{«"rxy{2]{’—sT$py 7 = 
TCHSX | uj uw 
TSVCH a a 
MOON —— ra cr 

| L TSVCH =o. 


| 
\y 


TCHSX 


IW 


| QQ 


--| 


-- TRSVCH 
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Waveforms (Continued) : 
CLOCK START (F/C HIGH) 


eA SU UL UL UL UU LL LU uu 


TSTART 1 kK- 
' 


so LLL LLL 
s| WLM 


SIP MWY 


CLOCK START (F/C LOW) 


7 — TSHSL | 
START | 


‘TOST S| 


= aie DMMANJGlSJ/] VVM@ll 


OSCILLATOR Byeces | | 7 | 
STARTUP TIME 
CLK 
CLK50 
PCLK 


RESET TIMING (CLK RUNNING WITH F/C LOW - OSC MODE; CLK RUNNING - OR STOPPED WITH F/C HIGH EFI MODE 


TSHSL 
ES 
_—— 
a“ 
se THHCL —>| |~x— THHCL 


ck! —/\S\g 


a shee: TCLIL A TCLIL 
RESET ee ee 
; TRST 
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Waveforms (Continued) 


RESET TIMING OSCILLATOR STOPPED (F/C LOW) 


RES 
i 
] 
§ 
CLK | 
! 
‘ 
bs 
RESET 
S 
STARTUP = 8192 
TIME CYCLES 
osc 


NOTE: CLK, CLK50, PCLK remain in the high state until RES goes high and 8192 valid oscillator cycles have been registered by the HS- 
82C85RH internal counter TOST time period). After RES goes high and CLK, CLK50, PCLK become active, the RESET output will 
remain high for a minimum of 16 CLK cycles (TRST). 


SLO/FST TIMING OVERVIEW 


EFI OR OSC TAMAS 


SLO/FST | = eee ee ee 


ox UIUUUL T_T 


FAST TO SLOW CLOCK MODE TRANSITION 


K— 195 EFl OR OSC CYCLES —>| 
erorose JL UPL UUUU ULE LULU 


| 
TSFPC* 
= pal eae 
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Waveforms (Continued) 
SLOW TO FAST CLOCK MODE TRANSITION 


“i71 | 
errorosc [LIU LULU UL 
pk PL 


| >| |~~ 3 EFI PULSES 
ck tis re mi | | ;) fi L_{] f 


CLK50 | | | — _ a TLS LJ 


* If TSFPC is not met on one edge of PCLK, SLO/FST will be recognized on the next edge of PCLK. 


CLOCK HIGH AND LOW TIME (USING X1, X2) CLOCK HIGH AND LOW TIME (USING EFI) 


PULSE 
GENERATOR 


C1 
15MHz Co 


READY TO CLOCK (USING X1, X2) READY TO CLOCK (USING EFI) 


PULSE 
VDD GENERATOR 


TRIGGER 
PULSE 
GENERATOR 


15MHz 


TRIGGER 
PULSE 
GENERATOR 


*" CL = 50pF 
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Burn-In Circuits 


1 | 
= 
5 | 
= 


iu} 


a— | 10 —f VDD 
yee 2.7ka 
sae 


STATIC CONFIGURATION DYNAMIC CONFIGURATION 

NOTES: NOTES: 
R= 10kQ R = 10kQ 
VDD = 6.0V + 5% VDD = 6.5V + 5% (Burn-in); VDD = 6.0V + 5% (Life Test) 
Ta = +125°C Min Ta = +125°C Min 
Package Code: SZ (24 Lead DIP) Package Code: SZ (24 Lead DIP) 
FO is 50% duty cycle square wave pulse burst. FO is left FO = 10kHz, 50% duty cycle 

low after pulse burst F1 = F0/2; F2 = F1/2; F3 = F2/2, F4 = F3/2; F5 = F4/2 


Irradiation Circuit 


m 


- |e 
va, - ZY 
18] fe} = 
a tee i 38 
i a ar Ee 
44] 44] 32. 
a 


NOTES: 


R= 47kQ 

Pins tied to VSS (OV): Pin 9 

Pins with loads: 2, 5, 8, 10, 16, 18, 22 

Pins tied to VDD: 1, 3, 4, 6, 7, 11 - 15, 17, 19 - 21, 23, 24 
VDD = 5.5V + 0.5V 

All Group E Testing is performed in the side brazed DIP 
Group E Sample Size is 2 die/wafer 
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Harris - Space Level ‘-Q’ Flow 

SEM - Traceable to Diffusion Method 2018 

Wafer Lot Acceptance Method 5007 | 
Internal Visual Inspection _ 

Gamma Radiation Assurance Tests Method 1019 
100% Nondestructive Bond Pull Method 2023 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Constant Acceleration Method 2001 Y1 30KG 


Particle Impact Noise Detection Method 2020, 
Condition A 20G 


Serialization 
X-Ray Inspection Method 2012 (Two Views) 
Initial Electrical Tests (TO) 


Static Burn-In 72 Hour, +125°C, Method 1015 Condition A 
+25°C Interim Electrical Tests Subgroups 1, 7, 9 (T1) 


Burn-In Delta Calculation (TO - T1) 


NOTES: 


HS-82C85RH 


PDA Calculation 3% Functional 
5% Subgroups 1, 7, A | 
Dynamic Burn-in 240 Hours, +125°C Method 1015 
Condition D 


+25°C Electrical Tests (T2) Subgroups 1, 7, 9 (T2) 
Burn-in Delta Calculation (TO - T2) 
PDA Calculation 3% Functional 

5% Subgroups 1, 7, A 
Electrical Test +125°C, -55°C , 
Group A Inspection Method 5005. 5% PDA (Note 3) 
Fine and Gross Leak Tests Method 1014 
Brand 
Customer Source Inspection (Note 1) 
Group B Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 
Data Package Generation (Note 4) 


1. These steps are optional,.and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. 


‘-Q’ Data Pack Contains: 

Cover Sheet: 

a) Purchase Order Number 

b) Customer Part Number 

c) Lot Date Code 

d) Harris Part Number 

e) Lot Number 

f) Quantity 

Certificate of Conformance (as found on shipper). 
Shippable serial number list. 


Test Attributes (including Group A) for all test temperatures. 


Harris - ‘-8’ Flow 

Internal Visual Inspection | 

Gamma Radiation Assurance Tests Method 1019 
Customer Pre-Cap Visual Inspection (Note 1) 
Temperature Cycling Method 1010 Condition C 
Fine and Gross Leak Tests Method 1014 
Constant Acceleration Method 2001 Y1 30KG 
Initial Electrical Tests 


Dynamic Burn-in 160 Hours, +125°C Method 1015 
Condition D | 


+25°C Electrical Tests Subgroups 1, 7, 9 
PDA Calculation: 5% Subgroups 1, 7 


NOTES: 


Test Variables data for all read/record and delta operations. 
+25°C Initial Test (TO) 
+25°C Interim Test (T1) 
+25°C Final Test (T2) 
All +25°C Delta's (T1-T0, T2-TO) 
+125°C Final Test 
-55°C Final Test 
Wafer Lot Acceptance Report (includes SEM). 
X-Ray report and Film. 
Radiation Testing Certificate of Conformance. 
Assembly Attributes (Post seal). 


Electrical Test +125°C, -55°C 

Group A Inspection Method 5005. 5% PDA (Note 3) 
Brand 

Customer Source Inspection (Note 1) 

Group C Inspection Method 5005 (Notes 1, 2) 
Group D Inspection Method 5005 (Notes 1, 2) 
External Visual Inspection Method 2009 

Data Package Generation (Note 4) 


1. These steps are optional, and must be negotiated as part of the order. 

2. Group B and D data package contains Attributes Data plus Variables Data. 

3. Harris reserves the right to perform Alternate Group A. The 5% PDA is still applicable. 
4. 


‘-8’ Data Pack Contains: 

Assembly Attributes (Post Seal). 

Test Attributes (Including Group A). 

Radiation Testing Certificate of Conformance. 
Certificate of Conformance (as found on shipper). 
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Metallization Topology 


DIE DIMENSIONS: DIE ATTACH: : 
2770um xX 3130nmM x 483m + 25m Material: Gold Silicon Eutectic Alloy 
METALLIZATION: | Temperature: Ceramic DIP- 460°C (Max) 
Type: AVSi WORST CASE CURRENT DENSITY: 
Thickness: 11kA+2kA 16x 104 Alom2 
GLASSIVATION: 
Type: Si02 


Thickness: BkA + 1kA 


Metallization Mask Layout 


HS-82C85RH 
oO 
(6) z 
pei ge. af 
qa 8) e ou ey 
~ _ ~ wv oO wn 
2 ww = x N N 


RDY1 (4) (20) EFI 
(19) F/C 
READY (5) 
RDY2 (6) _ 
AEN2 (7) (18) OSC 
m (17) Res 
a . (16) RESET 


$0 (13) 
$1 (14) 


GND (VSS) (8) - 
CLKS50 (10) 
START (11) 

SLO/FST (12) 
S2/STOP (15) L 
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Functional Description 


The HS-82C85RH _ Static Clock Controller/Generator 
provides simple and complete control of static CMOS 
system operating modes. The HS-82C85RH can operate 
with either an external crystal or an external frequency 
source and can support full speed, slow, stop-clock and 
stop-oscillator operation. While it is directly compatible with 
the Harris HS-80C86RH CMOS 16-bit static microprocessor, 
the HS-82C85RH can also be used for general purpose 
system clock control. 


Separate signals are provided on the HS-82C85RH for stop 
and start control of the crystal oscillator and clock outputs. A 
single control line determines fast (crystal/EFI frequency 
divided by 3) or slow (crystal/EFI frequency divided by 768) 
mode operation. A clock synchronization input is provided to 
allow the use of multiple HS-82C85RHs in the same system. 
The HS-82C85RH generates the proper HS-80C86RH reset 
pulse, and it also handles all data transfer timing by generat- 
ing the HS-80C86RH ready signal. 


Automatic maximum mode HS-80C86RH software HALT 
instruction decode logic is present to ease the design of 
software-based clock control systems and provides com- 
plete software control of STOP mode operation.Automatic 


minimum mode software HALT instruction decoding can be 


easily implemented with a single 74HC74 device. Restart 
logic insures valid clock start-up and complete synchroniza- 
tion of CLK, CLK50 and PCLK. 


Static Operating Modes 


The HS-82C85RH Static Clock Controller can be dynami- 
cally set to operate in any one of four modes at anyone time: 


FAST, SLOW, STOP-CLOCK and STOP-OSCILLATOR. 
Each mode has distinct power and performance characteris-- 
tics which can be matched to the needs of a particular sys- - 


tem at a specific time (See Table 1). 


Keep in mind that a single system may require all of these 
operating modes at one time or another during normal oper- 
ation. A design need not be limited to a single operating 
mode or a specific combination of modes. The appropriate 
operating mode can be matched to the power-performance 
level needed at a specific time or in a particular circum- 
stance. 


Reset Logic 


The HS-82C85RH reset logic provides a Schmitt trigger 
input (RES) and a synchronizing flip-flop to generate there 
set timing. The reset signal is synchronized to the falling 
edge of CLK. A simple RC network can be used to provide 
power-on reset by utilizing this function of the HS- 
82C85RH.When in the crystal oscillator (FIC = = LOW) or the 
EFI (F/C = HIGH) mode, a LOW state on the RES input will 
set the RESET output to the HIGH state. It will also restart 
is guaranteed to stay in the HIGH state for a minimum of 16 
CLK cycles after a low-to-high transition of the RES input. 


An oscillator restart count sequence will not be disturbed by 
RESET if this count is already in progress. After the restart 
counter expires, the RESET output will stay HIGH at least for 
16 periods of CLK before going LOW. RESET can be kept 
high beyond this time by a continuing low input on the RES 
input. 


If F/C is low (crystal oscillator mode), a low state on RES 
starts the crystal oscillator circuit. The stopped outputs 
remain inactive, until the oscillator signal amplitude reaches 
the X1 Schmitt trigger input threshold voltage and 8192 
cycles of the crystal oscillator output are counted by an inter- 
nal counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK) start cleanly with the proper phase 
relationships. 


This 8192 count requirement insures that the CLK, CLK50 
and PCLK outputs will meet minimum clock requirements 
and will not be affected by unstable oscillator characteristics 
which may exist during the oscillator start-up sequence. This 
sequence is also followed when a START command is 


issued while the HS-82C85RH oscillator is stopped. 


Oscillator/Clock Start Control 


~ Once the oscillator is stopped (or committed to stop) or at 


power-on, the restart sequence is initiated by a HIGH state 
on START or LOW state on RES. If F/C is HIGH, then restart 
occurs immediately after the START or RES input is syn- 
chronized internally. This insures that stopped outputs (CLK, 
PCLK, OSC and CLK50) start cleanly with the proper phase 
relationship. 


TABLE 1. STATIC SYSTEM OPERATING MODE CHARACTERISTICS 


Stop-Clock System CPU and peripherals clocks stop but 
main clock oscillator continues to run at rated 


frequency 


clock and main clock oscillator run at rated 
frequency 


OPERATING 
MODE DESCRIPTION 
Stop-Oscillator All system clocks and main clock oscillator are Maximum savings Slowest response due to 
stopped oscillator restart time 


System CPU clocks are slowed while peripheral 


All clocks and oscillators run at rated frequency | Highest power Fastest fesponse . 


PERFORMANCE 


POWER LEVEL 


Fast restart - no oscillator 
restart time 


Reduced system power 


Power dissipation slightly high- 
er than Stop-Clock 


Continuous operation at low 
frequency 
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if F/C is low (crystal oscillator mode), a HIGH state on the 
START input or a low state on RES causes the crystal 
oscillator to be restarted. The stopped outputs remain 
stopped, until the oscillator signal amplitude reaches the X1 
Schmitt trigger input threshold voltage and 8192 cycles of 
the crystal oscillator output are counted by. an internal 
counter. After this count is complete, the stopped outputs 
(CLK, CLK50, PCLK) start cleanly with the proper phase 
relationships. 


Typically, any input signal which meets the START input 
timing requirements can be used to start the HS-82C85RH. 
In many cases, this would be the INT output from an HS- 
82C59A CMOS Priority Interrupt Controller (See Figure 1). 
This output, which is active high, can be connected to both 
the HS-82C85RH START pin and to the INTR input on the 
microprocessor. 


HS-82C59A HS-82C85RH HS-80C86RH 


| INTR 


1 CLK 


FIGURE 1. START CONTROL USING HS-82C59ARH INTER- 
RUPT CONTROLLER 


When the INT output becomes active (as a result of a 
“restart” IRQ or a system reset), the oscillator/clock circuit on 
the HS-82C85RH will restart. Upon completion of the 
appropriate restart sequence, the CLK signal to the CPU will 
become active. The CPU can then respond to the still- =pene: 
ing interrupt request. 


Oscillator/Clock Stop Control 


The SO, $1, and S2/STOP control lines determine when the 
HS-82C85RH clock outputs or oscillator will stop. These 
three lines are designed to connect directly to the MAXimum 
mode HS-80C86RH status lines as shown in Figure 2. | 


HS-80C86RH 
MICROPROCESSOR 


ALE 


TO HS-80C86RH 
& PERIPHERALS 


HS-80C86RH 


FIGURE 2. STOP CONTROL USING HS-80C86RH MAXIMUM 
MODE STATUS LINES 


When used in this configuration, the HS-82C85RH will 
automatically recognize a software HALT command from the 
HS-80C86RH and stop the system clocks or oscillator. This 
allows complete software control of the STOP function. 


If the HS-80C86RH is used in the MINimum mode, the HS- 
82C85RH can be controlled using the S2/STOP input (with 
SO and S1 held high). This can be done using the circuit 
shown in Figure 3. Since the HS-80C86RH, when executing 
a halt instruction in minimum mode, issues a single ALE 
pulse with no corresponding bus signals (DEN remains 
high), the ALE pulse will be clocked through the 74HC74 and 
put the HS-82C85RH into stop mode. 


The HS-82C85RH status inputs S2/STOP, Si, SO are 
sampled on the rising edge of CLK. The oscillator (FIC LOW 
only) and clock outputs are stopped by S2/STOP, S1, SO 
being in the LHH state on a low-to-high transition of CLK. 
This LHH state must follow a passive HHH state occurring 
on the previous low-to-high CLK transition.CLK and CLK50 
will stop in the logic HIGH state after two additional complete 
cycles of CLK. PCLK stops in its current state (HIGH or 
LOW). This is true for both SLOW and oe mode 
operation. 


HS-82C85RH 


Stop-Oscillator Mode 


When the HS-82C85RH is stopped while in the crystal mode 
(F/C LOW), the oscillator, in addition to all system clock 
signals (CLK, CLK50 and PCLK), are stopped. CLK and 


HS-82C85RH 
CLOCK CONTROLLER/ 
GENERATOR 


SO 
S1 


BSeeevaefPeaeaaeeaseaaee 


‘S2/STOP 


CLK 


RESET 


FIGURE 3. STOP CONTROL USING HS-80C86RH IN MINIMUM MODE 
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CLK50 stop in the high state. PCLK stops in its current state 
(high or low). 


With the oscillator stopped, HS-82C85RH power drops to its 
lowest level. All clocks and oscillators are stopped. All 
devices in the system which are driven by the HS-862C85RH 
go into the lowest power standby mode.The HS-82C85RH 
-also goes into standby and requires a power supply current 
of less than 100mA. 


Stop-Clock Mode 


When the HS-82C85RH is in the EFI mode (F/C HIGH) and 
a STOP command is issued, all system clock signals (CLK, 
CLK50 and PCLK) are stopped. CLK and CLK50 stop in the 
high state. PCLK stops in its current state (high or low). 


The HS-82C85RH can also provide its own EFI source 
simply by connecting the OSC output to the EFI input and 
- pulling the F/C input HIGH. This puts the HS-82C85RH into 
the External Frequency Mode using its own oscillator as an 
external source signal (See Figure 4). In this configuration, 
when the HS-82C85RH is stopped in the EFI mode, the 
oscillator continues to run. Only the clocks to the CPU and 
peripherals (CLK, CLK50 and PCLK) are stopped. 


x1 


EFI 


VDD = 
FIG 
S2/STOP 
STOP START 
CONTROL $1 


- CONTROL 


So 


FIGURE 4. STOP-CLOCK MODE IN EFI MODE WITH OSCILLA- 
TOR AS FREQUENCY SOURCE 


Clock Slow/Fast Operation 


The SLO/FST input determines whether the CLK and CLK50 
outputs run at full speed (crystal or EFI frequency divided by 


3) or at slow speed (crystal or EFI frequency divided by 768) 


(See Figure 5). When in the SLOW mode,HS-82C85RH 
stop-clock and stop-oscillator functions operate in the same 
manner as in the FAST mode, and the frequency of PCLK is 
unaffected. 


The SLOW mode allows the CPU and the system to operate 
at.a reduced rate which, in turn, reduces system power. For 
example, the operating power for the HS-80C86RH CPU is 
10mA/MHz of clock frequency. When the SLOW mode is 
used in a typical 5MHz system, CLK and CLK5O run at 
approximately 20kHz. At this reduced frequency, the 
average operating current of the CPU drops to 200mA. 
Adding the HS-80C86RH 500mA standby current brings the 
total current to 700mA. 


While the CPU and peripherals run slower and the HS- 
82C85RH CLK and CLK50 outputs switch at a reduced 
frequency, the main HS-82C85RH oscillator is still running at 
the maximum frequency (determined by the crystal or EFI 
input frequency.) Since. CMOS power is directly related to 
operating frequency, HS-82C85RH power supply current will 
typically be reduced by 25% - 35%. 


Internal. logic requires that the SLO/FST pin be held low for 
at least 195 oscillator or EFI clock pulses before the SLOW 
mode command is recognized. This requirement eliminates 
unwanted FAST-to-SLOW mode frequency changes which 


-could be caused by glitches or noise spikes. 


To guarantee FAST mode recognition, the SLO/FST pin 


. must be held high for at least 3 OSC or EFI pulses. The HS- 


82C85RH will begin FAST mode operation on the next PCLK 


edge after FAST command ‘recognition. Proper CLK and 


CLK50 phase relationships are maintained and minimum 
pulse width specifications are met. — 


FAST-to-SLOW or SLOW-to-FAST ‘mode changes will occur 
on the next rising or falling edge of PCLK. It is important to 
remember that the transition time for operating frequency 
changes, which are dependent upon PCLK, will vary with the 
HS-82C85RH oscillator or EFl:frequency. 


EFI OR OSC Aa 


PCLK 


SLO/FST 


aN GLP VELA eee a 


ex UUUUL 


FIGURE 5. SLOW/FAST TIMING OVERVIEW | 
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Slow/Fast Mode Control 


The HS-82C55ARH programmable peripheral interface can 
be used to provide slow/fast mode control by connecting one 
of the port pins directly to the SLO/FST pin (See Figure 6). 
With the port pin configured as an output, software control of 
the SLO/FST pin is provided by simply writing a logical one 
(FAST mode) or logical zero (SLOW Mode) to the 
corresponding port. PORT C is well-suited for this function 
due to its bit set and reset capabilities. 


CLK 


HS-82C85RH 
CLOCK 
CONTROLLER 
GENERATOR © 


HS-80C86RH 


S-82C55R 
aa ‘i LLPROCESSOR 


PERIPHERAL 
INTERFACE 


SLO/FST 


FIGURE 6. SLOW/FAST MODE CONTROL USING HS-82C55RH 
PERIPHERAL INTERFACE 


Alternate Operating Modes 


Using alternate modes of operation (slow, stop-clock, stop- . 


oscillator) will reduce the average system operating power 
dissipation in a static CMOS system (See Table 2). This 
does not mean that system speed or throughput must be 


reduced. When used appropriately, the slow, stop-clock, - 


stop-oscillator modes can make your design more power- 
efficient while maintaining maximum system performance. 


TABLE 2. TYPICAL SYSTEM POWER SUPPLY CURRENT FOR 
STATIC CMOS OPERATING MODES 


STOP- | STOP- 
FAST | SLow | CLOCK] osc 
XTAL Frequency | 15MHz | 15MHz | 15MHz 


fwssocaenn [coma | 28ma | 25tva | POA 
faseecasrn | 7a | Teoma | tama | 2mm 
faseccnenns | 10na | saya | tua | OHA 
fecse | i7ma | asna | tua | 10a | 
jasecssare_ 
aro r One cx 
passe Ex 
passeirAn 20k 


En i 
74HCXX + Other 90.014 


NOTE: All measurements taken at room temperature, VDD = +5.0V. 
Power supply current levels will be dependent upon system 
configuration and frequency of operation. 


Oscillator 


The oscillator circuit of the HS-82C85RH is designed 
primarily for use with an external parallel resonant, 
fundamental mode crystal from which the basic operating 
frequency is derived. The crystal frequency must be three 
times the required CPU clock. X1 and X2 are the two crystal 
input connections. The output of the oscillator is buffered 
and available at the OSC output (pin 18) for generation of 
other system timing signals. 


For the most stable operation of the oscillator (OSC) output 
circuit, two capacitors (C1 = C2) are recommended. 
Capacitors C1 and C2 are chosen such that their combined 
capacitance matches the load capacitance as specified by 
the crystal manufacturer. This insures operation within the 
frequency tolerance specified by the crystal manufacturer. 


~ The crystal/capacitor configuration and the formula used to 


determine: the capacitor values are shown in Figure 7. 
Crystal Specifications are shown in Table 3. For additional 
information on crystal operation, see Harris publication Tech 
Brief 47. 


CRYSTAL 
2.4MHz-15MHz — 


Co epdaiinialaay oe itance) 
= nciuding siray Capacitance 
Ci+C2 ss 


FIGURE 7. CRYSTAL CONNECTION 


TABLE 3. CRYSTAL SPECIFICATIONS 


| Type of Operation Parallel Resonant, Fund. Mode 
Load Capacitance 20pF or 32pF 


56Q (f = 15MHz, CL = 32pF), 
105Q (f = 15MHz, CL = 20pF) 


Frequency Source Selection 


The F/C input is a strapping pin that selects either the crystal - 


oscillator or the EFI input as the source frequency for clock 
generation. If the EFI input is selected as the source, the 
oscillator section (OSC output) can be used independently 
for another clock source. If a crystal is not used, then crystal 
input X1 (pin 23) must be tied to VDD or GND. and X2 (pin 
22) should be left open. If the EFi mode is not used, then EFI 
(pin 20) should be tied to VDD or GND. 
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Clock Generator 


The clock generator consists of two synchronous divide-by- 
three counters with special clear inputs that inhibit the count- 
ing. One counter generates a 33% duty cycle waveform 
(CLK). and the other generates a 50% duty cycle waveform 
(CLK50). These two counters are negative-edge. synchro- 
nized, with the low-going transitions. of both waveforms 
occurring on the same oscillator transition.The CLK and 
CLKSO output frequencies are one-third of the base input 
frequency when SLO/FST. is high and_are equal to the base 
input frequency divided by 768 when SLO/FST i is low. 


_ The CLK output is a 33% duty cycle clock signal designed to 
drive the HS-80C86RH microprocessor directly. CLK50 has 
a 50% duty cycle output synchronous with CLK, designed to 
drive coprocessors and peripherals requiring a 50% duty 
cycle clock. . 


PCLK is a peripheral clock signal with an output frequency 
equal to the oscillator or EFI. frequency divided by 6. PCLK 
has a 50% duty cycle. PCLK is unaffected by SLO/FST. 
When the HS-82C85RH is placed in the STOP mode, PCLK 
will remain in its current state (logic high or logic low) until a 
RES or START command restarts the HS-82C85RH clock 
circuitry. PCLK is negative-edge synchronized with CLK and 
CLKS5O. 


Since PCLK continues to run at the same frequency 
regardless of the state of the SLO/FST pin, it can be used by 
other devices in the system which need a fixed high 
frequency clock. For example, PCLK could be used to clock 
an HS-82C54RH programmable interval timer to produce a 
real-time clock for the system or as a baud rate generator to 
maintain serial data communications during SLOW mode 
operation. 


Clock Synchronization 


The clock synchronization (CSYNC) input allows the output 
clocks to be synchronized with an external event (such as 
another HS-82C85RH clock signal). CSYNC going active 
causes all clocks (CLK, CLK50 and PCLK) to stop in the 
HIGH state. 


It is necessary to Es aeiieaive the CSYNC 7 to the EFI 
clock using two flip-flops as shown in Figure 8. Multiple 


CSYNC WITH HS-82C85RH(s) 


external flip-flops are necessary to minimize the occur- 
rence of metastable (or indeterminate) states. 


Ready Synchronization 


Two RDY inputs (RDY1, RDY2) are sivided to accommo- 
date two system buses. Each RDY input is qualified by its 
corresponding AEN input (AEN1, AEN2). Reception of a 
valid. RDY signal causes the HS-82C85RH to output READY 
high, informing the HS-80C86RH that the pending data 
transfer may be concluded. (See HS-80C86RH data sheet 
system timing). 


Synchronization is required for all asynchronous active- 
going edges of either RDY input to guarantee that the RDY 
set up and hold times are met. Inactive-going edges of RDY 
in normally ready systems do not require synchronization 
but must satisfy RDY setup and hold as a matter of proper 
system design. 


The ASYNG input defines two modes of RDY synchroniza- 
tion operation. When ASYNC is LOW, two stages of 
synchronization are provided for active RDY input signals. 
Positive-going asynchronous RDY inputs will first be 
synchronized to flip-flop one at the rising edge of CLK 
(requiring a setup time TR1VCH) and then synchronized to 
flip-flop two at the next falling edge of CLK, after which time 
the READY output will go HIGH. a 


Negative-going. asynchronous RDY inputs will be synchro- 
nized directly to flip-flop two at the falling edge of CLK, after 
which time the RDY output will go inactive. This mode of 


_ Operation is intended for use by asynchronous (normally not 


ready) devices in the system which cannot be guaranteed by 
design to meet the required RDY setup timing (TRIVCL) on 
each bus cycle. 


When ASYNC is high or left open, the first RDY flip-flop is 
bypassed in the RDY synchronization logic. RDY inputs are 
synchronized by flip-flop two on the falling edge of CLK 
before they are presented to the processor. This mode is 
available for synchronous devices that can be guaranteed to 
meet the required RDY setup time. ASYNC can be changed 
on every bus cycle to select the appropriate mode of 
synchronization for each device in the system. 


. a fe) OTHER HS-82C85RHs) 
FIGURE 8. CSYNC SYNCHRONIZATION METHODS 
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Radiation Hardened 


tt 


December 1992 16K Bit CMOS ROM 
Features Pinout 
e Radiation Hardened EPI-CMOS HS-83C55RH 40 LEAD BRAZE SEAL DIP 
- Total Dose 1 x 10° RAD(Si) COMPLIANT OUTLINE D5, CONFIGURATION 3 
- Transient Upset > 1 x 10° RAD(Si)/s (Ports and DDR) TOP VIEW 
- Latch-Up Free > 1 x 10'? RAD(SiV/s a 
* 2048 Words x 8 Bits ROM 40] VOD 
¢ Electrically Equivalent to Sandia SA3002 39] PB7 
e Pin Compatible with Intel 8355 38] PB6 


e¢ Bus Compatible with HS-80C85RH PBS 


e Single 5 Volt Power Supply PB4 
¢ Low Standby Current 100A Max 35] PBS 
¢ Low Operating Current 2mA/MHz mM 34] PB2 
¢ Completely Static Design 33] PB1 
e Internal Address Latches 32] PBO 
e Two General Purpose 8-Bit I/O Ports : 31| PAZ 
e Multiplexed Address and Data Bus | 30] PAG 
¢ Self Aligned Junction Isolated (SAJI) Process 29] PAS 
e Military Temperature Range -55°C to +125°C PAG 
Description PAS 
The HS-83C55RH is a radiation hardened ROM and I/O chip fabricated PA2 
using the Harris radiation hardened Self-Aligned Junction Isolated (SAJI) 25| PAI 


silicon gate technology. Latch-up free operation is achieved by the use of 
epitaxial starting material to eliminate the parasitic SCR effect seen in 
conventional bulk CMOS devices. 


The HS-83C55RH is intended for use with the HS-80C85RH radiation ae 
hardened microprocessor system. al 


The ROM portion is designed as 16,384 mask programmable cells orga- 
nized in a 2048 word x 8-bit format. A maximum post irradiation access 
time of 340ns allows the HS-83C55RH to be used with the HS-80C85RH 
CPU without any wait states. This ROM is designed for operation utilizing 
a single 5 volt power supply. 


co 
a) < 
Block Diagram OT 
CLK Of 
READY Cz 
ADO-7 a a 
A8-10 
CE2 
CE1 [a] <> PAO-7 
lO/M 
ALE 
RD 
iow <> PBO-7 
RESET 
OR 
GND 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3045 
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Pin Descrip tion 
ADO-7 Address/Data Bus (Bidirectional): The lower 8-bits of the ROM or I/O address are applied to the 
present data on the bus. 
ed only when BOTH Chip Enables are active at the time the ALE signal latches them In. If either 
‘Read: If the latched Chip Enables are active when RD goes low, the ADO-7 output buffers are 


PIN 
SYMBOL | NUMBER DESCRIPTION 
bus lines when ALE is high. During an I/O cycle, Port A or B is selected based on the latched 
A8-10 }24,22,23) 1 Address Bus: High order bits of the ROM address. They do not affect /O operations. 
Chip Enable input is not active, the ADO-7 and READY outputs will be in a high impedance state. 
enabled and output either the selected ROM location or I/O port. When both RD and IOR are 


Address Latch Enable: When high, ADO-7, 1O/M, A8-0, CE2, and CE1, enter the address latch- 

es. The signals (AD, |O/M, A8-10, CE2, CE1) are latched in at the trailing edge of ALE.* 

value of ADO. If RD or IOR is low when the latched chip enables are active, the output buffers 
CE1,CE2 i Chip Enable Inputs: CE1 is active low and CE2 is active high. The HS-83C55RH can be access- 

VO Memory: If the latched 1O/M is high when RD Is low, the output data comes from an I/O port. 

If it is low, the output data comes from the ROM. 

high, the ADO-7 output buffers are 3-stated. 


I/O Write: If the latched Chip Enables are active, a low on lOW causes the output port pointed 
to by the latched value of ADO to be written with the data on ADO-7. The state of IO/M is ignored. 


Clock: Used to force the READY into its high impedance state after it has been forced low by 
CEI, low, CE2 high and ALE high. 


READY: A 3-state output controlled by CE1, CE2, ALE and CLK. READY is forced low when the 
Chip Enables are active during the time ALE is high, and remains low until the rising edge of the 
next CLK. | 


Port A: General purpose I/O pins. Their input/output direction is determined by the contents of 
the Data Direction ion Register (DDR). Port A is selected for write operations when the Chip Enables 
are active and IOW is low and a 0 was previously latched from ADO, AD1. 

Read operation is selected by either IOR low and active Chip Enables and ADO and AD1 low, or 
IO/M high, RD low, active chip enables, and ADO and AD1, LOW. 


PAO-7 (24-31 


PortB: This general purpose I/O portis identical to Port A a that it is selected by a 1 latched. 
from ADO and a 0 from AD1. 


Reset: An input high causes all pins in Port A and B to assume input-mode. (Clear DDR 
Register.) 


/O Read: When the Chip Enables are active, a low on JOR will output the 2 selected I/O port onto 


the AD bus. 1OR low performs the same function as the combination IO/M high and RD low. 
When IOR is not used in a system, IOR should be tied to VCC. 


Voltage: +5 Volt 
Ground: Ground Reference. 


* ALE must be clocked once after power up. 


11-136 


Specifications HS-83C55RH 


Absolute Maximum Ratings Reliability Information 

Supply Voltage ......... cece ee ee ees edhoep oe waa +7.0V Thermal Resistance Gia G6 
Input, Output or I/O Voltage ............ GND-0.3V to VDD+0.3V Braze Seal DIP Package............. 25.8°CIW §9.9°C/W 
Storage Temperature Range ..............06- -65°C to +150°C Maximum Package Power Dissipation at +125°C 

Junction Temperature... cee cece eee e eee +175°C Braze Seal DIP Package......... cece e cece cece eens 1.94W 
Lead Temperature (Soldering 10s). .......... ccc cceaes +300°C 

Typical Derating Factor........... 1.5mA/MHz Increase in IDDOP 

ESD: Classiicalionicc-2o 2280 tara wieeee oy See seuss Class 1 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device, This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Operating Conditions 


Operating Voltage Range.............eeeeee +4.75V to +5.25V = Input Low Voltage ... ccc eee eee OV to +0.8V 
Operating Temperature Range..............6. -55°C to +125°C = Input High Voltage... 1.0... ccc ee eee eee VDD -0.5V to VDD 


TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS 


All Devices are Guaranteed at Worst Case Limits and Over Radiation. Dynamic Current is Proportional to Operating Frequency. 


| GROUP A 
PARAMETERS SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE 


Input Leakage VDD = 5.25V, VIN = OV 1,2,3 -55°C, +25°C, or 
Current Pin Under Test = VDD +125°C 
NL VDD = 5.25V, VIN = 5.25V -55°C, +25°C, or 
Pin Under Test = OV +125°C 
High Level Output VOH VDD = 4.75V, IOH = -2.0mA 
Voltage 
Low Level Output VOL VDD = 5.25V, IOL = 2.0mA, 1 
Voltage 
IOZL VDD = 5.25V, VIN = OV 1 -55°C, +25°C, or 
+125°C 


1,2 
,2 -55°C, +25°C, or 

+125°C 
Output Leakage ,2 
Current 


1IOZH VDD = 5.25V, VIN = 5.25V -55°C, +25°C, or 
+125°C 
Static Current IDDSB- | VDD =5.25V -55°C, +25°C, or 100 pA 
+125°C 


Dynamic Current IDDOP | VDD = 5.25V, f= 1MHz -55°C, +25°C, or 
+125°C 

Functional Tests FT VDD = 4.75V and 5.25V, 7, 8A, 8B -55°C, +25°C, or 
VIH = VDD - 0.5, VIL = 0.8V +125°C 


TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS 


AC Tests are Guaranteed Through Functional Testing with the Clock Period Equal to 500ns. TRDE + TRDF are the Only Read and Record 
Parameters. Output Timings are Measured with a Capacitive Load CL = 170pF, VIH = 4.25, and VIL = 0.8V 


GROUP A 
PARAMETERS SYMBOL | SUBGROUPS TEMPERATURE 


PaatiePeatatorResd +; mor | awn | a0, 80, 1250 
Resd GonvoroDataBuserabe + TOE | an | awowscrasc | | 
ecckPucewiantow | fo | aoe | wo | 
ecccrucewanrin i’ | ot | ae sc vase | ro | 


3 
x) 
az) 


T1 

i T2 
ockrissandrattines | TAT | onan | arewase nase | 
[adicoso tach Seup Tine | TA | eran | erwose nase | oo 
adessHoTine Atertaeh ‘| TA | onan | aoe nso | oo 
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TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued) 


AC Tests are Guaranteed Through Functional Testing with the Clock Period Equal to 500ns. TRDE + TRDF are the Only Read and Record 
Parameters. Output Timings are Measured with a Capacitive Load CL = 170pF, VIH = 4.25, and VIL = 0.8V ue 


LIMITS 
PARAMETERS TEMPERATURE 


5 : 
“55°C, 
-5 


GROUP A 
SUBGROUPS 


9, 10, 11 


SYMBOL 


14 


oO 


Read/Write Control of Latch Enable 9, 10, 11 5°C, +25°C, +125°C 
Read/Write Control Width 9, 10, 11 5°C, +25°C, +125°C 
Data In to Write Setup Time 5°C, +25°C, +125°C 150 


Fonpaseuptne «dt 


NOTES: ; 
1. Or TAD - (TAL + TLC), whichever is greater. 


2. Defines ALE to Data Out Valid in conjunction with TAL. 
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS 


| LIMITS 
(NOTE 1) | kiwis 
PARAMETERS SYMBOL CONDITIONS TEMPERATURE UNITS 


acc 
nea Caactanco | ON [VODs Orentowre | weve |__| 0 | 
ouputcapactace | COUT _[VoD=Oron tare | tamvero | - | 0 | oF 


NOTE: 
1. All measurements referenced to device ground. 


E 


; 


+ 
ws) 
=< 
= 


>) 


16 
16 


a 


TRD 
TAD 
TLL 
TCL 
TCC 
TDW 
PR 
RP 
RV 


T 


TABLE 4. POST 100K RAD ELECTRICAL PERFORMANCE CHARACTERISTICS 


NOTE: The post irradiation test conditions and limits are the same as those listed in Table 1 and 2. 


TABLE 5. BURN-IN DELTA PARAMETERS (+25°C) 


PARAMETER : 
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A.C. Testing Input, Output Waveform 


INPUT/OUTPUT 


A.C. Testing Load Circuit (Note 1) 


INPUT OUTPUT 
VIH VOH 
YDD vOD 
2 2 
VIL VOL 


A.C. TESTING: All input signals must switch between VIL max and VIH min, 


tr and tf must be less than or equal to 15ns. 
NOTES: 


1. Output timings are measured with purely capacitive load. 


2. Devices screened to more rigorous electrical specifiecations are available. Contact your nearest Harris representative for details. 


Waveforms 
ROM READ AND I/O READ AND WRITE 


tCYC 


ree 


a. 
ADO-7 Yi ADDRESS ) a: 


(CE1 = 0 CE2=1) aa 
seg 
ALE N 


tAL 
AD 
5 oe 
1OR tLc | 
iow N 


83C55RH CLOCK SPECIFICATIONS 
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DEVICE 
UNDER 
TEST 


TEST 


T CL* = 100pF 


* CL includes stray and jig capacitance. 


Nn 


—a 


POINT 
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Waveforms (continued) 
INPUT MODE 


* DATA BUS TIMING IS SHOWN IN FIGURE 4. 


OUTPUT MODE 
low 
GLITCH FREE 
OUTPUT 
= PORT 
| a ee he ere 
DATA * 
BUS _.............. 
* DATA BUS TIMING IS SHOWN IN FIGURE 4. 
WAIT STATE 
CLK 
- \ \ 
(CE2 = 1 CE1 = 0) F 
| | . 
ALE | 
READY ~~~~~~~~~ \ tae a eas er 


tRYH 


NOTE: READY = 0 
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Burn-In Circuits 
HS-83C55RH 40 PIN DIP 


o VDD 


are 
HEC 


lH 


id 
IL 


STATIC 


NOTES: 


VDD = 10V +t 10% 

16K ROM 

Ta Min = 125°C 

All Resistors are 10kQ + 10%, 1.4 Watt 

Part is staticssensitive. Voltage must be ramped. 


HS-83C55RH 


HS-83C55RH 40 PIN DIP 


a 
= 


| 


Fr, VDD 


Lies 
SIE BST ET LS] (Sel al (Sy |S) sls 1s} 
ansan 


28 8 
= Hell] 


wk 
= 


26 FS 
25,- F6 
24 FT 
23 F10 
: 22) F9 
20) 21 F8 


DYNAMIC 

ci | 1 rT 
e2 LJ-DLJ Lu 
c3 [| LJ LJ 


NOTES: 


VDD = 10V + 10% 

16K ROM 

Ta = 125°C 

C2=C3 

R1 = 100KQ + 10%, 1/4 Watt. 

All other resistors 10KQ + 10%, 1/4 Watt. 

Part is static sensitive. Voltage must be ramped. 

C2 thru C3 = 200kHz and have 50% duty cycles. 

C1 = 200kHz and have 20% duty cycle. 

FO = 100kHz, F1 = F0/2, F2=F1/2...F11 = F10/2 
Frequencies Fn defined by: Fn = F(n-1)/2 where FO = 100kHz e.g. 
F1 = 50kKHz, F2 = 25kHz... All Fn’s have 50% duty cycle. 
Part is static sensitive. 
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Irradiation Circuit 


PEATE EAE TD 


PARRA AAA R ARR R RRR 


6 VSS=GND 
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Radiation Screening Procedure Radiation Effects 
1. Arandom sample of two dice per wafer is drawn from the wafer The HS-83C55RH has been designed to survive in a radia- 
lot. Wafer identity is retained. tion environment and to meet the electrical characteristics. 
2. The sample die shall be assembled and tested for functionalityin  Latch-up free operation is achieved by the use of epitaxial 
a ceramic DIP. starting material. Improved total dose hardness is obtained 


3. The sample devices shall be subjected to a Total Dose Radiation with special low temperature processing cycles. On a pro- 
level of 1 x 10° Rad(Si) +10% from a Gammacell 220 cobalt 60 duction basis, Harris performs screens for total dose hard- 
source or equivalent. The devices will be powered with ness to a level of 1 x 10° Rad-Si. Transient radiation tests 
VSUPPLY = +5V. The dose rate shall be between 50 rads/sec have shown the following results: 
and 300 rads/sec. 


4. The Irradiation Circuit is shown on a previous page. 

5. The sample devices shall be started into test within 1 hour of irra- 
diation and have completed test within 2 hours of irradiation. The 
wafers are accepted only if the sample, exclusive of non-radiation 
failures, meets all electrical specifications at room temperature. 


6. Radiation screening to a higher total dose is available. Custom- 
ers should contact their closest Harris Representative for details. 


1. Latch-up free to doses 2 1 x 10’ rads/sec. 
2. Upset (loss of stored data 2 1 x 10° rads/sec. 


Harris - Space Level Product Flow -Q (note 1) 


SEM - Traceable to Diffusion Method 2018 Alternate Group A Subgroups 1, 7, 9; Method 5005; 
Wafer Lot Acceptance Method 5007 Para 3.5.1.1 

Internal Visual Inspection Method 2010, Condition A Burn-in Delta Calculation (TO-T2) 

Gamma Radiation Assurance Tests Method 1019 PDA Calculation 3% Subgroup 7 


5% Subgroups 1, 7, A 
Electrical Test Subgroup 3; Read and Record 


Alternate Group A Subgroups 3, 8B, 11; Method 5005; 
Para 3.5.1.1 


Marking 
Electrical Tests Subgroup 2; Read and Record 
Alternate Group A Subgroups 2, 8A, 10; Method 5005; 


Nondestructive Bond Pull Method 2023 

Customer Pre-Cap Visual Inspection (Note 2) 
Temperature Cycling Method 1010, Condition C 

Constant Acceleration Method 2001, Condition E Min, Y1 
Particle Impact Noise Detection Method 2020, Condition A 
Electrical Tests Harris’ Option 


Serialization Para 3.5.1.1 
X-Ray Inspection Method 2012 Gross Leak Method 1014, 100% 
Electrical Tests Subgroup 1; Read and Record (TO) Fine Leak Method 1014, 100% 


Static Burn-in Method 1015, Condition B, 72 Hours, 
+125°C Minimum | 


Electrical Tests Subgroup 1; Read and Record (T1) 


Customer Source Inspection (Note 2) 


Group B Inspection Method 5005 (Note 2) 
End-Point Electrical Parameters: 


Electrical Tests Subgroup 1; Read and Record (T2) Data Package Generation (Note 5) 


NOTES: 
1. The notes of Method 5004, Table 1 Shall apply; unless otherwise specified. 
2. These steps are optional and should be listed on the individual purchase order(s), when required. 
3. Harris reserves the right of performing burn-in time temperature regression as defined by Table 1 of Method 1015 
4 


. For group D, subgroup 3 inspection of package configurations which utilize a gold plated lid in its construction; the inspection criteria for 
illegible markings criteria of Method 1010, paragraph 3.3 and of Method 1004, paragraph 3.8.a shall not apply. 
5. Data package contains: 


Burn-in Delta Calculation (TO-T1) B-5/ Subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11 

PDA Calculation 3% Subgroup 7 B-6; Subgroups 1, 7, 9 7 
5% Subgroups 1, 7, A : v”) 
of, Group D Inspection Method 5005 (Notes 2, 4) al 
Dynamic Burn-In Method 1015 Condition D, 240 Hours, End-Point Electrical Parameters: Subgroups 1, 7, 9 P= 
+125°C (Note 3) External Visual Inspection Method 2009 - 
Q. 
o 
LJ 
a. 


PROCESSOR 


Assembly attributes (Post Seal) Wafer lot acceptance report (including SEM report) 
Test attributes (includes Group A) X-ray report and film 
Shippable serial number list Test variables data 


Radiation testing certificate of conformance 
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Metallization Topology 


DIE DIMENSIONS: .- MY og Hee Yh PERE 
179.1 x 189.0x 14+ 1mils © 


METALLIZATION: 
Type: Si Al | 
_ Thickness: 11 kKA+2kA 


GLASSIVATION: - 
Type: SiO, 
Thickness: 8kA + 1kA 


DIE ATTACH: 7 
Material: Gold Silicon Eutectic Alloy 
Temperature: Ceramic DIP - 460°C (Max) 


Metallization Mask Layout | 
HS-83C55RH - 


READY (6). 


(33) PBI 


g 
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Functional Description 
ROM Section 


The HS-83C55RH contains an 8-bit address latch which 
allows it to interface directly to the HS-80C85RH Micropro- 
cessor without additional hardware. 


The ROM section of the Chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables are 
active and IO/M is low when RD goes low, the contents of 
the ROM location addressed by the latched address are put 
out through ADO-7 output buffers. 


VO Section 


The I/O section of the chip is addressed by the latched value 
of ADO-1. Two 8-bit Data Direction Registers (DDR) in the 
HS-83C55RH determine the input/output status of each pin 
in the corresponding ports. A “O” in a particular bit position 
of a DDR signifies that the corresponding I/O port bit is in the 
input mode. A “1” in a particular bit position signifies that the 
corresponding I/O port bit is in the output mode. In this 
manner the I/O ports of the HS-83C55RH are bit-by-bit 
programmable as inputs or outputs. The table summarizes 
port and DDR designation. DDR’s Cannot be read. 


Or 
0 
a 0 
ee ee 
[1 [1 [Pott Data Bircton Register (O08) _ 


When IOW goes low and the Chip Enables are active, the 
data on the ADO-7 is written into the I/O port selected by the 
latched value of ADO-1. During this operation all I/O bits of 
selected port are affected, regardless of their I/O mode and 
the state of IO/M. The actual output level does not change 
until OW returns high (glitch free output). A port can be read 
out when the latched Chip Enables are active and either RD 
goes low with IO/M high, or IOR goes low. Both input and 
output mode bits of a selected port will appear on lines 
ADO-7. 


To clarify the function of the I/O ports and Data Direction 
Registers, Figure 1 shows the configuration of one bit of 
PORT A and DDR A. The same logic applies to PORT B and 
DDR B. a 


Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be dis- 
abled, preventing the data in the output latch from being 
passed through to the pin. This is equivalent to. putting the 
port in the input mode. Note also that the data can be written 
to the Output Latch even though the Output Buffer has been 
disabled. This enables a port to be initialized with a value 
prior to enabling the output. 


Figure 1 also shows that the contents of PORT A and PORT 
B can be read even when the ports are configured as out- 
puts. 


System Interface with HS-8OC85RH 


A system using the HS-83C55RH can use either one of the 
two I/O Interface techniques: 


¢ Standard I/O 
¢ Memory Mapped I/O 


If a standard I/O technique is used, the system can use the 
feature of both CE2 and CE1. By using a combination of 
unused address lines A11-15 and the Chip Enable inputs, 
the system can use up to 5 each HS-83C55RHs without 
requiring a CE decoder. See Figure 3. 


lf a memory mapped I/O approach is used the HS-83C55RH 
will be selected by the combination of both the Chip Enables 
and IO/M using AD8-15 address lines. See Figure 2. 


HS-83C55RH 
ONE BIT OF PORT A AND DDR A: 


OUTPUT 
LATCH 
D Q 


OUTPUT 
ENABLE 


WRITE PA 


SBMeaeeeaqauueaeane: 


INTERNAL DATA BUS 


aQVQVeeeeaeueaeaaaae 


READ PA 
Write PA = (IOW j= 0) (Chip Enables Active) (Port A Address Selected) 
Write DDR A = (IOW = 0) (Chip Enables Active) (DDR A Address Selected) 
Read PA = {((IO/M= 1) (RD =0)}+(IOR =0)} (Chip Enables Active) 
(Port A Address Selected) 
NOTE: Write PA is not qualified by io/M. 

FIGURE 1. HS-83C55RH ONE BIT OF PORT A AND DDRA 


HS-83C55RH 


HS-83C55RH 


FIGURE 2. HS-83C55RH IN HS-80C85RH SYSTEM (MEMORY\- 
MAPPED 1/0) 


11-145 


Vv”) 
zo 
n= 
gy 
Ww Ww 
ox 
o2 
co 
Qa Wi 
3 


HS-83C55RH 


| $— and 
7 
—T_1__ Sik 
|| 


ail 


HS-83C55RH 
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HS-83C55RH 
(2K BYTES) 


HS-83C55RH 
(2K BYTES) 


HS-83C55RH 
(2K BYTES) 


HS-83C55RH 
(2K BYTES) 


A8-15 


NOTE: Use CE1, for the first HS-83C55RH in the system, and CE2 for the other HS-83C55RH's. Permits up Is 5 HS-83C55RAH’s in a system 
without CE decoder. , 


FIGURE 3. HS-83C55RH IN HS-8OC85RH SYSTEM (STANDARD I/O) 
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2N7287D, 2N7287R, Radiation Hardened N-Channel Power MOSFETS..............cccceeccccecccccsees 12-52 - 
2N7287H 
2N7288D, 2N7288R, Radiation Hardened N-Channel Power MOSFETsS...............ccccccccccccsceeees 12-56 
2N7288H 
2N7289D, 2N7289R, Radiation Hardened N-Channel Power MOSFETs. ............ccccccccccccceccccecs 12-57 
2N7289H 
2N7290D, 2N7290R, Radiation Hardened N-Channel Power MOSFETS.............. 0c cc wee cece ec eeeee 12-61 
2N7290H 
2N7291D, 2N7291R, Radiation Hardened N-Channel Power MOSFETsS............. ccc ccc ccc cnceeccsees 12-62 
2N7291H ; 
2N7292D, 2N7292R, Radiation Hardened N-Channel Power MOSFETs. ............. ccc cece cece cece ee ees 12-66 


2N7292H 
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TRANSISTORS ¢continuec). 


TRANSISTOR DATA SHEET Ss 


2N7293D, 2N7293R, 
2N7293H 


2N7294D, 2N7294R, 


2N7294H 


2N7295D, 2N7295R, 


2N7295H 


2N7296D, eNTZIGR. 


2N7296H 


2N7297D, 2N7297R, 


2N7297H © 


2N7298D, 2N7298R, 


2N7298H 


2N7299D, 2N7299R, 


2N7299H 


2N7300D, 2N7300R, 


2N7300H 


2N7301D, 2N7301R, 
2N7301H 


2N7302D, 2N7302R, 


2N7302H 


2N7303D, 2N7303R, 


2N7303H 


2N7304D, 2N7304R, 
2N7304H ~ 


2N7305D, 2N7305R, 


2N7305H 


2N7306D, 2N7306R, 


2N7306H 


2N7307D, 2N7307R, 


2N7307H 


2N7308D, 2N7308R, 
2N7308H 


2N7309D, 2N7309R, 


2N7309H 


2N7310D, 2N7310R, 


2N7310H 


2N7311D, 2N7311R, 


2N7311H 


2N7312D, 2N7312R, 


2N7312H 


2N7316D, eNTater 
2N7316H 


2N7317D, oN731 7R, 


2N7317H 


2N7318D, 2N7318R, 


2N7318H 


2N7319D, 2N7319R, 


2N7319H 


2N7322D, 2N7322R, 


2N7322H 


2N7323D, 2N7323R, 


2N7323H 


2N7324D, 2N7324R, 


2N7324H 


2N7325D, 2N7325R, 


2N7325H 


2N7328D, 2N7328R, 
2N7328H 


2N7329D, 2N7329R, 
2N7329H 


2N7330D, 2N7330R, 


2N7330H 


2N7331D, 2N7331R, 


2N7331H 


Radiation Hardened N- Channel Power MOSFETs.............- nee eee aia th edetes 


Radiation Hardened N-Channel Power MOSFETs............ sachet sii endian tied : 


Radiation Hardened N-Channel Power MOSFETs coc oones es en eee ‘Sette di eens 


Radiation Hardened N-Channel Power MOSFETS.............. ccc ccc cccucccccccees 


Radiation Hardened N-Channel Power MOSFETS........-2.00-0e000- Shietetoeeencs 


Radiation Hardened N-Channel Power MOSFETS............cccccceecccccccceceees 


Radiation Hardened N-Channel Power MOSFETs. ........... 0. ccc cece cece ee ee eees | 


Radiation Hardened N-Channel Power MOSFETs............ Scie tina tvemeunr ents 
Radiation Hardened N-Channel Power MOSFETS.............000ececceeeeees Saree 
Radiation Hardened N-Channel Power MOSFENS. & neii0d ten cece eee ema eee ees 
Radiation Hardened N-Channel Power MOSFETS. .......... 0. cece cece cece eee e ee ees 
Radiation Hardened’ N-Channel Power MOSFET: Caen : wind Dheaniees Sohne Seas eRe ean 


Radiation Hardened.N-Channel Power MOSFETS. ........c.cccecceccececcuceccuces 


Radiation Hardened N-Channel Power MOSFETs...............cccccccccccccccvece 


Radiation Hardened P-Channel Power MOSFETs Gea bite uta Bie wea ie ee eile A ae anes 


-Radiation Hardened P-Channel Power MOSFETS............. ccc ccc cece eee c ee eeeee 


Radiation Hardened P-Channel Power MOSFETs..............-ccc cece cccecceccecs 


Radiation Hardened P-Channel Power MOSFETS...........cccccccccccccceccceeces 


Radiation Hardened P-Channel Power MOSFETS............ccccccccccccccccesceus 
Radiation Hardened P-Channel Power MOSFETs................. Ee gene et ares nee 


Radiation Hardened P-Channel Power MOSFETS............cccccccccccccccccecens 


Radiation Hardened P-Channel Power MOSFETs... . ribose eka ers ace sb athe nial ane hese tee 


Radiation Hardened P-Channel Power MOSFETs ene eo ee Pe 


Radiation Hardened P-Channel Power MOSFETs..............cccccccccccecceceees | 


Radiation Hardened P-Channel Power MOSFETS............. ccc ccc ccccccccccccees 


Radiation Hardened P-Channel Power MOSFETs... ; Sree eee eee eee e eee ees | 


Radiation Hardened P-Channel Power MOSFETs...............00000: ionene: : sade 
Radiation Hardened P-Channel Power MOSFETs............... . — seek sates 
Radiation Hardened P-Channel Power MOSFETs.... Om mae a ersiw aes aon ad 
Radiation Hardened P-Channel Power MOSFETS........-.0cccccccseesecesceeees 
Radiation Hardened P-Channel er MOSFET s. 7 ; | eRe Ns ae Rae eee ae a 


Radiation Hardened P-Channel Power MOSFETS.............cc ccc ce cccccececccees 
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Radiation Hardened MOSFET Nomenclature System 


FR X XXXX XK X 


HARRIS RADIATION HARDENED RELIABILITY SCREENING LEVEL 
POWER MOSFET 1 - Non-TX (Commerical) 
2 - TX Equivalent of MIL-S-19500 
3 - TXV Equivalent of MIL-S-19500 
4 - Space Equivalent of MIL-S-19500 


PACKAGE DESIGNATION | RADIATION (TOTAL DOSE) 
M - TO-204AA (TO-3 with 40 mil diameter leads) ASSURANCE LEVEL 
K - TO-204AE (TO-3 with 60 mil diameter leads) D - 10kRAD (Si) 
L - TO-205AF (TO-39) R_ - 100kRAD (Si) 
F - TO-254AA H - 1000kRAD (Si) 
S - TO-257AA 
E - TO-258AA 


DIE DESIGNATION 
All Numeric Characters 
N-Channel (Three Digits) - XXX 
P-Channel (Four Digits) - 9XXX 


“” 
a 
2 
n 
Y”) 
= 
< 
o 
- 
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‘Tactical and Strategic Level Selections* 


Radiation Hardened MOSFETs (N-Channel) 


DIE T TO-39 TO-254 a TO-257 TO-258 
FAMILY INTERIM FINAL INTERIM FINAL INTERIM 


-FRM130D | 2N7271 2N7272 FRS130D | 2N7273 
FRM130R FRS130R 
- FRM130H FRS130H 
| FRM230D | 2N7274 2N7275 FRS230D | 2N7276 
‘FRM230R FRS230R 
FRM230H | FRS230H 
FRM234D | 2N7277 2N7278 FRS234D | 2N7279 
FRM234R | > FRS234R 
FRM234H | FRS234H 
FRM430D | 2N7280 | FRL430D | 2N7281 2N7282 
‘FRM430R FRL430R 
FRM430H . FRL430H | 
17641 FRM140D | 2N7283 FRS140D | 2N7284 
FRM140R FRS140R 
FRM140H FRS140H 
17642 FRM240D | 2N7285 FRS240D | 2N7286 
FRM240R FRS240R 
FRM240H FRS240H 
17643 FRM244D | 2N7287 FRS244D | 2N7288 
FRM244R FRS244R 
FRM244H ~ FRS244H © 
17645 2N7289 FRS440D | 2N7290 
FRS440R 
FRS440H 
17651 FRK150D | 2N7291 FRF150D | 2N7292 
FRK150R FRF150R 
FRK150H FRF150H 
17652 FRK250D | 2N7293 FRF250D |} 2N7294 
FRK250R FRF250R: 
FRK250H FRF250H 
17653 FRK254D | 2N7295 FRF254D | 2N7296 
FRK254R FRF254R 
FRK254H FRF254H 
17655 FRM450D | 2N7297 FRF450D | 2N7298 
FRM450R FRF450R 
FRM450H FRF450H 
17661 FRK160D | 2N7299 FRE160D | 2N7300 
FRK160R FRE160R 
FRK160H FRE160H 
17662 FRK260D | 2N7301 FRE260D. | 2N7302 | © 
FRK260R FRE260R - 
FRK260H FRE260H 
17663 2N7303 FRE264D |. 2N7304 
FRE264R 
FRE264H 
17665 FRK460D | 2N7305 FRE460D } 2N7306 
FRK460R FRE460R 
FRK460H FRE460H 


* The reliability screening code has been omitted for convenience. 


Tactical and Strategic Level Selections” 


Radiation Hardened MOSFETs (P-Channel) 


DIE 
FAMILY INTERIM FINAL INTERIM 


9 
17731 FRM9130D | 2N7307 | FRL9130D | 2N7308 
FRM9130R FRL9130R 
FRM9130H FRL9130H 
17732 FRM9230D | 2N7310 | FRL9230D | 2N7311 
FRM9230R FRL9230R 
FRM9230H FRL9230H 
17741 FRM9140D | 2N7316 
FRM9140R 
17742 2N7318 
17752 
17761 2N7328 
17762 2N7330 
FRK9260R 
FRK9260H 


FRM9140H 
* The reliability screening code has been omitted for convenience. 


TO-257 TO-258 
INTERIM | FINAL | INTERIM | FINAL 


FRS9130D | 2N7309 
FRS9130R 
FRS9130H 
FRS9230D | 2N7312 
2N7317 
2N7319 


FRS9230R 
FRS9230H 


FRS9140D 
FRS9140R 
FRS9140H 


FRS9240D 
FRS9240R 
FRS9240H 


FRM9240D 
FRM9240R 
FRM9240H 


FRK9750D 
FRK9150R 
FRK9150H 


FRM9250D 
FRM9250R 
FRM9250H 


FRK9160D 
FRK9160R 
FRK9160H 


FRK9260D 


2N7322 FRF9150D [| 2N7323 
FRF9150R 


2N7324 FRF9250D | 2N7325 
FRF9250R 
FRF9250H 


FRE9160D | 2N7329 
FRE9160R 
FRE9160H 


FRE9260D | 2N7331 
FRE9260R 
FRE9260H 
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TRANSISTORS 


N-Channel 


RATED TYPE 


BVDSS | NUMBER [| | 


2N7300 
2N7274 
2N7275 
2N7276 
2N7285 
2N7286 
2N7299 | 
2N7294 © 
2N7301 
2N7302 
250 2N7277 
2N7278 
2N7279 
2N7287 
2N7288 
2N7295 
2N7296 
2N7303 
2N7304 
2N7280 
2N7281 
2N7282 
2N7289 
2N7290 
2N7297 
2N7298 
2N7305 
2N7306 


Radiation Hardened Power MOSFETs 


| POST 10K RAD OR POST 
om (V) 

[ansar [3 | oso [2 ERE 
[awn |e [ovo | i548 
[ama | | ECM EEE 
one fr 
[ae [a [ome 

= 15248 

15-45 


eet 
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Radiation Hardened Power MOSFETs 


POST 10K RAD OR POST 
INITIAL RATINGS 100K RAD (Si) RATINGS POST 1M RAD (Si) RATINGS 
Id | RDS(on) re BVDSS | RDS(on) | VGS(th) | BVDSS | RDS(on) em 
(A) (W) (V) (W) (V) (V) (W) 


P-Channel 


RATED TYPE 
BVDSS | NUMBER 


[awrace_|aosar [5 
[axrace[asran [6 
[axrsie_[2oena [at | 
[axrsir_[ estan [at 
[awrsee [eowne [25 | 015 
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jG Le oe 
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muHaRRIs  2N7271D, 2N7271R 
niin 2N7271H 


Currently Available as FRM130 (D, R, H) Radiation Hardened 
December 1992 N-Channel Power MOSFETs 


Features Package : 
¢ 14A, 100V, RDS(on) = 0.180Q TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(S)) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 1.5nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


ee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types | . D 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cem? for 500V product to 1E14n/cem? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- CG 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 8 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7271D, R, H UNITS 
Diain-SOurce VONAGG a ies s caees Sees od ee aa k SU GAN OA Ree Ee oeaeeks Bak VDS 100 V pe 
Drain-Gate Voltage (RGS = 20KQ). 0... ccc ccc ce cece cece eee c tees teeesvess VDGR 100 V oO 
Continuous Drain Current Pe 
TOS tO sin a's scorer neers nace et ee re eC eee ID 14 A an 
OS AA00C Mi vac tiis aie eet eons nyc one naan encineuaewea wae vemer ee ID 9 A z 
Pulsed Drain Current s2.4220%scianscec new ead waned dutvas@ es eoakamieeeed sedees IDM 42 A = 
GBlO-SOUrCS VONAGE asi:s5 Seen daoes-as uy Sais yes Bw VE So Yow Fete Se hare NGS oe SES VGS +20 V a 
Maximum Power Dissipation 
GS Sh Cg cia aisles grace mn etenate a ed ai sradt a's ark re oe We scars See wc ebsha ease Misceseatecn loans PT 75 W 
WO A100 Cores sie eta t bere inee wes ana meee Sine awe ea ee ee eRe aa PT 30 W 
Dorated Above 425°C 6555s a dees ediews ewe eed REAR TE Teed eae he hae 0.60 WPC 
Inductive Current, Clamped, L = 100H, (See Test Figure)... .... 0... cece cece eens ILM 42 A 
Continuous Source Current (Body Diode)... 1.2... ccc ccc cece cece cence ence neees IS 14 A 
Pulsed Source Current (Body Diode) ......... ccc cece rece tent e ete cence eneeees ISM 42 A 
Operating And Storage Temperature... .... cc ccc cece ee cee eeeeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) . 
Distance > 0.063 in. (1.6mm) From Case, 10s Max. LEhieneeeetnaae ads d ea eens TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 321 7 
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Specifications 2N7271D, 2N7271R, 2N7271H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


-| - SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID = 1mA : 


* PARAMETER | UNITS 


Gate-Threshold Voits VGS(th) | VDS=VGS, ID = 1mA 
Gate-Body Leakage Forward | 1essr VGS = +20V 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


VDS = 80V, VGS = 0, TC = +125°C 


Rated Avalanche Current 


Ce 

Drain-Source On Resistance 

Turn-On Delay Time VDD = 50V, ID = 14A 
ae 


Rise Time 


Turn-Off Delay Time td(off) 


Fall Time 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 
Gate-Charge Total ) acm 


Plateau Voltage 


Gate-Charge Source | acs | 


Drain-Source On-State Volts 


Pulse Width = 3ps 


Period = 300s, Rg = 25 


0<VGS < 10. (See Test Circuit) 


VDD = 50V, ID = 14A 
IGS1 = IGS2 
0<VGS s 20 


Gate-Charge Drain 


IAR 
GP 
‘Diode Forward Voltage ID = 14A, VGD = 0 
T 
Réjc 


Reverse Recovery Time fe | = 14A; di/dt = 100A/ps 
Junction-To-Ambient Free Air Operation 


VDD 


0, 


ae [oe 
2 
es 
re 
a 
ec 
= [we 
ce a 
a 
nce 


V 
V 
nA 
nA 
mA — 
_vV 
V 
Vv 
C/W 


E1 =0.5 BVDSS VC = 0.75 BVDSS 


RL 
v1 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7271D, 2N7271R, 2N7271H - Registration Pending | 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BVDSS 2N7271D, R 
Breakdown Volts 
BVDSS_ | 2N7271H VGS = 0, ID = 1mA 
VGS(th) | 2N7271D,R | VGS=VDS,ID=1mA 
VGS(th) | 2N7271H VGS = VDS, ID = 1mA 
IGSSF_ | 2N7271D,R 
IGSSF_ | 2N7271H 
Ttassr_| anvzri0,p 


LIMITS 


TEST CONDITIONS 


o 
N 


VGS = 0, ID = imA 


(Note 5, 6) 


Oo 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = 20V, VDS = 0 


(Note 5, 6) VGS = 20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) VGS = -20V, VDS = 0 


(Note 2, 5, 6) 2N7271H 


2N7271D, R 
2N7271H VGS = 0, VDS = 80V 
2N7271D,R | VGS =10V, ID =14A 
2N7271H VGS = 16V, ID = 14A 
2N7271D,R | VGS=10V, ID=9A 

2N7271H 


VGS = -20V, VDS = 0 


VGS = 0, VDS = 80V 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 100 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


0.180 


VGS = 14V, ID =9A 0.270 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 4/17/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO mn & W PS 


12-11 


“” 
is a 
2 
n 
n”) 
= 
< 
o 
- 


a 2N7271D, 2N7271R, 2N7271H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Ww LU 
: ¢ 
Cc c 
S ra 
oe & 
QO © 
S = 
. 0 50 100 10 100 
TC CASE TEMPERATURE C : | VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMAL IZED ON RESISTANCE 
SWITCHING FAILURE ONSET es VERSUS NEUTRON FLUENCE 
OQ 
ND = 
BO AVALANCHE MODE S N CHANNEL 
‘ | “2 
& ae 
z3 ais 
a N 
am a 
= 
Do & 
7 = 
NEUTRONN 
100 1000 = TELS 1E14 1E15 
TIME OF INDUCTIVE DISCHARGE uS . a FLUENCE - NEUTRONS/CM2 
tt TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
ar tu 
oO VERSUS GAMMA RATE Tos TO LIMIT GAMMA DOT CURRENT 
£9 ay TO ILM 
c= = 
lw 
OQ 
= & LO 
rine! Ou 
= = 
ac Oo 
5 Zz 
QO tnd 
a) 
Zo ©; 
a rape 
or = 
O eH 
= 
7 GAMMADOT 


1E9 1E10 iE 30 100 300 
GAMMA DOT RAD (SI) 7 SEC DRAIN SUPPLY VOLTS 
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Gy HARRIS 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRL130 (D, R, H) 
December 1992 


Features 


2N7272D, 2N7272R 
2N7272H 


Radiation Hardened 
N-Channel Power MOSFETs 


Package 


¢ 8A, 100V, RDS(on) = 0.180Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRADX(S)) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(S!) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 1.5nA Per-RAD(Si)\/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm* 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-205AF 


DGS 


Symbol 


Description | 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Dial SOUICE VONAIGs.. <6 5550.54 aNwaa ve eeawe e Nee Gdad sous e ieee deat trons VDS 
Drain-Gate Voltage (RGS = 20KQ). 0... eee cc ce cece tees ence eeeeseees VDGR 
Continuous Drain Current 


Gale-Sonlice: VOIAQS <5 o78 o-6 8a eshte sare bac ele was eh awa ea eee a Reed Maw e ae VGS 
Maximum Power Dissipation 
TO S420 Gio wither na sia ae enw Sa aia al eae ere auto doen Gua he ease Soe ee eae PT 


Inductive Current, Clamped, L = 100pH, (See Test Figure)........... cee eee e cc eeee ILM 
Continuous Source Current (Body Diode). ... 0... ccc ccc cece ect e ete ee eases IS 
Pulsed Source Current (Body Diode) ........ 0... ccc cece cece c eee c eee eee sesenes ISM 
Operating And Storage Temperature... 0... cc ccc cee cece cee eet eecees TJC, TSTG 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... 20... cece cece cece cee eees TL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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TRANSISTORS 


Specifications 2N7272D, 2N7272R, 2N7272H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


BVDSS VGS = 0, ID = 1mA 
Gate-Threshold Volts VGS(th) VDS = VGS, ID = 1mA 


VGS = -20V. 


TEST CONDITIONS 


PARAMETER 


< 


< 


~ 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


os 
pa 
ee 
=e 
a 
<r 
[_wosion [vas-tovirwan | 
Ee a ae 
ony VDD = 50V, ID = 8A es 
Rise Time = aa Pulse Width = SUS : Le el 
Turn-Off Delay Time Period = 300ps, Rg = 252Q | | =a 
=a 
pled 
Ee 
ee 
pow 
po 
oe 
a 
ae 
ak 
ae 


Zero-Gate Voltage 
Drain Current 


mA 


Rated Avalanche Current 


Drain-Source On-State Volts 
Drain-Source On Resistance 


Turn-On Delay Time 


Fall Time pth 0< VGS < 10 (See Test Circuit) 
Gate-Charge Threshold QG(th) 
Gate-Charge On State 


VDD = SOV, ID = 8A 
IGS1 =IGS2 
0<VGS < 20 


Gate-Charge Total 
Plateau Voltage 


Gate-Charge Source 


Gate-Charge Drain ~—_s 7 


Diode Forward Voltage ID = 8A, VGD = 0 
|= 8A; di/dt=100A/s 
Free Air Operation 


Reverse Recovery Time 


4 
. 
e a 
—_. 
= 
ty ° 
° 
—_ 


Junction-To-Case 


Junction-To-Ambient 


E1 = 0.5 BVDSS VC = 0.75 BVDSS 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7272D, 2N7272R, 2N7272H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source (Note 4, 6) 2N7272D, R VGS = 0, !ID= 1mA 
Breakdown Volts 
BVDSS 2N7272H VGS = 0, ID= 1mA 
VGS(th) 2N7272D, R VGS = VDS, ID=1mA 
VGS(th) 2N7272H VGS = VDS, ID = imA 1.5 
2N7272D, R VGS = 20V, VDS = 0 
IGSSF 2N7272H ‘VGS = 20V, VDS =0 


LIMITS 


(Note 5, 6) 


> 
oO 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


2N7272D,R_ | VGS =-20V, VDS =0 
2N7272H VGS = -20V, VDS = 0 


_ (Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


2N7272D,R_ | VGS =0, VDS = 80V 


2N7272H VGS = 0, VDS = 80V 
VDS(on) | 2N7272D,R | VGS=10V,ID=8A 
VDS(on) | 2N7272H VGS = 16V, ID =8A 


(Note 5, 6) 


Drain-Source : (Note 1, 4, 6) 
On-State Volts 


Hid 
ho 
Ni 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 0.180 


On Resistance 


RDS(on) | 2N7272D,R | VGS=10V,ID=5A 
RDS(on) VGS = 14V, ID = 5A 


2N7272H 0.270 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300ps max 
2. Absolute value | 
3. Gamma = 300KRAD(Si) © 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 ‘ 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 4/19/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


_ 2N7272D, 2N7272R, 2N7272H - Registration Pending — 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE | 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


wn ap) 
i if 
LU LL 
¢ ¢ 
é& x 
= = 
& fe 
om ra 
0 50 100 10 100 
TC CASE TEMPERATURE C . VDS.  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET en VERSUS NEUTRON FLUENCE 
nm 8 Zz 
Wo AVALANCHE MODE = ™ N CHANNEL 
a. | es 
c ce 
z8 (om 
er i 
a 7 
¢ 
(an) 
m- OC oO 
pe *. S 
100 - , $000 1E19 1E14 1E15 
TIME OF INDUCTIVE DISCHARGE uS _ | FLUENCE - NEUTRONS/CM2e 
wn) TYPICAL PHOTO CURRENT ic DRAIN INDOUCTANCE REQUIRED 
oc to 
iO VERSUS GAMMA RATE To? TO LIMIT GAMMA DOT CURRENT 
£9 eal TO ILM 
c= = 
Ww 
OQ 
i & lO 
zO 4 
Wy © Ow 
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2) bh 
a) 
Zo O ; 
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ra 
— GAMMADOT 
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GAMMA DOT RAD (SI) 7 SEC DRAIN SUPPLY VOLTS 
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Gp 


REGISTRATION PENDING 
Currently Available as FRS130 (D, R, H) 


SEMICONDUCTOR 


ee 2N7273D, 2N7273R 


2N7273H 


Radiation Hardened 


January 1993 _ N-Channel Power MOSFETs 


Features Package 


e 12A, 100V, RDS(on) = 0.1950 
« Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SIi) 
- Defined End Point Specs at 300KRAD(SIi) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 1.5nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5lons/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 301m at 80% BVDSS _ 


TO-257AA 


Symbol | 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S5OOV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardiness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
_hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source VONAG Oi ved ciyaia a oh sa oe dae a ee OS BREN TE eee eee aes VDS 
 Drain-Gate Voltage (RGS = 20K). 2... cece cee ence eet e eee ccenecness VDGR 


Continuous Drain Current 


Pulsed: Drain CUNGIL «c.05 See esd sccrasie Dae ex be as tane rade s Siewed abu eee ne ee IDM 
Gale-SOUICE: VONAGG ss oi ded ds tha cae Ree $4 RON e ReHcles Mew eceee RSs VGS 


Maximum Power Dissipation 
NG S455 Coy oss81 ssh os ee ie Wins oe dealt abaya eee wan ate mast eee bunds 


Inductive Current, Clamped, L = 100pH, (See Test Figure).... 0... ce eee eee ene 


Continuous Source Current (Body Diode)... 1.2... ccc ccc cece eee e ec eeaes 
Pulsed Source Current (Body Diode) ......... cece ccc ccc cee etter eee eeees ISM 
Operating And Storage Temperature........ eee ee ee TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cc ec ce cece eee eeee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications 2N7273D, 2N7273R, 2N7273H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER amie TEST CONDITIONS 


Drain-Source Breakdown Volts | 
- Gate-Threshold Volts VGS(th) 
Gate-Body Leakage Forward 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


a 
Drain-Source On-State Volts 
Drain-Source On Resistance VGS = 10V, ID =7A 

Turn-On Delay Time VDD:= 50V, ID = 12A 
Rise Time tes 
Turn-Off Delay Time . 


Fall Time 


S > 


S 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Rated Avalanche Current 


N 
in 


6 


Pulse Width = 3ps 


> 


Period = 300ps, Rg = 25Q 
‘0s VGS s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State | aG(on) 


~“J 
ine) 


Gate-Charge Total VDD = 50V, ID = 12A 
IGS1 = 1IGS2_ 


0<VGS < 20 


> 


Plateau Voltage 
Gate-Charge Source | acs | 
Gate-Charge Drain | aap | 
Diode Forward Voltage 

R 


GP 
SD ID = 12A, VGD =0 

Reverse Recovery Time TT | = 12A; di/dt = 100A/us 
Bjc 


ND 
ro) 


Junction-To-Ambient Free Air Operation 


VDD 


°C/W 


E1 =0.5 BVDSS vC = 0.75 BVDSS 


RL 
v1 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7273D, 2N7273R, 2N7273H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BYVDSS 2N7273D, R 
Breakdown Volts 

(Note 5, 6) BVDSS 2N7273H 
Gate-Source (Note 4, 6) VGS(th) | 2N7273D, R 
Threshold Volts — - 

(Note 3, 5, 6) VGS(th) | 2N7273H 
Gate-Body (Note 4, 6) IGSSF 2N7273D, R 
Leakage Forward 

(Note 5, 6) IGSSF 2N7273H 
Gate-Body (Note 2, 4, 6) IGSSR 2N7273D, R 
Leakage Reverse 

(Note 2, 5, 6) IGSSR 2N7273H 
Zero-Gate Voltage (Note 4, 6) IDSS 2N7273D, R 
Drain Current 

(Note 5, 6) | ss | 2N7273H 


Drain-Source (Note 1, 4, 6) VDS(on) | 2N7273D, R VGS = 10V, ID = 12A 
On-State Volts 
(Note 1, 5, 6) VDS(on) | 2N7273H VGS = 16V, ID = 12A 


Drain-Source (Note 1, 4, 6) RDS(on) | 2N7273D, R VGS = 10V, ID=7A 


On Resistance 
(Note 1, 5, 6) RDS(on) | 2N7273H 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 
. Insitu Gamma bias must. be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 4/17/90 on TA 17631 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane,-IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


TEST CONDITIONS 
VGS = 0, ID = imA 
VGS =0, ID=imA 
VGS = VDS, ID=1mA 
VGS = VDS, ID = 1mA 
VGS = 20V, VDS = 0 
VGS = 20V, VDS = 0 
VGS = -20V, VDS = 0 
VGS = -20V, VDS = 0 
VGS.= 0, VDS = 80V 


VGS = 0, VDS = 80V 


VGS = 14V, ID=7A 


NO oF & W PO 


TRANSISTORS 
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_» 2N7273D, 2N7273R, 2N7273H - Registration Pending 


Typical Performance Characteristics | 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE = 


n- (ae) 
Lu Wi 
ou ~~ 
uw LU 
ee QO. 
= = 
om [om 
Z, Z 
g 
0 50 100 | . 10 | 100 
TC CASE TEMPERATURE C . VDS DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET oa VERSUS NEUTRON FLUENCE 
(en) 
NA rae 
Wo AVALANCHE MODE 2 N CHANNEL 
? | | D 
z 8 ‘om 
eo N 
= _] 
= 
(om) 
mH © Oc 
- 7 S 
“ NEUTRONN 
100 1000 1E13 1E14 PES: - 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
rt TYPICAL PHOTO CURRENT c DRAIN INDUCTANCE REQUIRED 
or io 
i VERSUS GAMMA RATE YS TO LIMIT GAMMA DOT CURRENT 
=O San TO ILM 
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GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR QON7/2/4H 


REGISTRATION PENDING 


Currently Available as FRM230 (D, R, H) : Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features Package 
¢ 8A, 200V, RDS(on) = 0.50Q TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRADX{SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 


¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 
. Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 


TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- re} 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. . 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7274D, R, H UNITS 
Drain-Source Vola Gis. Gcsasa we Arras ai aitaroinsa xolesoteleln a Sactulenie Gea baw eebess VDS 200 V ie 
Drain-Gate Voltage (RGS = 20KQ).... 2... ccc cece ecw ec eee reece ne teeeeeeeees VDGR 200 —V Oo 
Continuous Drain Current Ys 
TG 2 Oy Oy io essen ede eee lnca fo drers ag arial ee ata Oe kUiarda Oui ad eee aa es ID 8 A rT) 
WOU seh ears tah seaet acane aaa uie ear Rae Rae aaa eka: ID 5 A = 
Pulsed Drain Current.........0cccccceeeecceceeeuceceeueeeceeeueecetuuuneess IDM 24 A P= 
Gate-Source VONAGS - is 9 acd wa isiiere nin eia eee wwe die ce ee Taw Se weld ean ae eae ae eeaeee VGS +20 V = 
Maximum Power Dissipation 
IGE A25 GC -Suciasud scans esas edeeKeemer rel beatae Sena eee wea eeu es PT 75 W 
TGS 00S eis edn eee tia sind ea AON a AOE AG ER Ro Rae Oia wae Gare ele eu PT 30 W 
Detaled: Above 425°C wi ies cient Goovaise Gece ssa Sa sIe SH ww Ae Oa ae wie Be wee Wwe ae 0.60 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)........... cece cece eee eee ILM 24 A 
Continuous Source Current (Body Diode). .... 0... . cece cece cece eee eeceneeecs IS 8 A 
Pulsed Source Current (Body Diode) ........... cc cece c cece eee cee e cece eeeeee ISM 24 A 
Operating And Storage Temperature... 2... ce cece cece ete e ee eees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max....... cece cee eect e cette ees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3249 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRL230 (0, R, H) 


2N7275H 


Radiation Hardened 


December 1992 | N-Channel Power MOSFETs 


Features | Package 


e 5A, 200V, RDS(on) = 0.500Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) | 
¢ Gamma Dot _—_- Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM . 
¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 


e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


‘Symbol 


TO-205AF - 


DGS 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


DIAINSOWUCE VOlEQO 65:6 63. es e5es dees 5605 Keio eeawe We tee58SS 4 eee Tew eee Biaes VDS 
Drain-Gate Voltage (RGS = 20KQ). .. 0... ccc ccc ec cee cece cee ee eee seesceeees VDGR 


Continuous Drain Current 


Gate-Source Voltage ......... cece cece ees Ga Sates Wn a eRe ee aie EOS Nae bees VGS 


Maximum Power Dissipation 
TOS 25 CO ar beeictis etoe a ako vid cada eon weet en ete bese tien ed rane ee 


Inductive Current, Cianoad. = 100u1H, (See Test Figure)....... ee rr eee ILM 
Continuous Source Current (Body Diode) ........ ccc ccc cc ccc cece etc es cet eeeeceenee 
Pulsed Source Current (Body Diode) ..... Seis Waterers Wea erarnmial sf ance Sace Gn Pao Ghee ISM 
Operating And Storage Temperature. ....... ccc cece ce cece nen e tc eenenes TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cece cece cece cece scenes 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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2N7275D, R, H 
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FileNumber 3223 


Specifications 2N7275D, 2N7275R, 2N7275H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified : 


LIMITS 
SYMBOL 


UNITS 
Drain-Source Breakdown Volts 
Gate-Threshold Volts 
Gato Body Leakage Forward 
Gate-Body Leakage Reverse | iessa |[ves=2v = 


PARAMETER TEST CONDITIONS 


Zero-Gate Voltage . VDS = 200V, VGS = 0 
Drain Current VDS = 160V, VGS = 0 


VDS = 160V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR | Time=208 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = 100V, ID =5A 


Rise Time Pe Pulse Width = Sus 


Turn-Off Delay Time td(off) Period = 300ps, Rg = 25 pe | 


n 
m 
°C, 


V 
V 
A 
A: 
V 
Fall Time 
V 
Vv 
/W 


Gate-Charge Threshold QG(th) 
Gate-Charge On State 


Gate-Charge Total 


0<VGS s 10 (See Test Circuit) 


VDD = 100V, ID = 5A 
IGS1 = IGS2 


Plateau Voltage 0<VGS < 20 


ID=5A,VGD=0 
| = 5A; di/dt = 100A/us 
Free Air Operation 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 


VG 

QG 

Diode Forward Voltage Vs 
Reverse Recovery Time TT 
Rejc 


Junction-To-Case 


Gate-Charge Drain | aeD 


Pp 
Gate-Charge Source 
D 
D 


Junction-To-Ambient 


TRANSISTORS 


RL 
v1 


Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7275D, 2N7275R, 2N7275H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL 


2N7275D, R 
aNTaTaF 

2N7275D, R_ | VGS = VDS, ID=1 
2N7275H VGS = VDS, ID = 1 
2N7275D, R_ | VGS = 20V, VDS = 0 


2N7275H 


LIMITS 


PARAMETER TEST CONDITIONS 


UNITS 
V 


Drain-Source (Note 4, 6) 
Breakdown Volts 


VGS = 0, ID = 1mA 


(Note 5, 6) VGS =0, ID = 1mA 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 


(Note 3, 5, 6) 5 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) VGS = 20V, VDS = 0 


2N7275D, R_ | VGS =-20V, VDS =0 


| IGssR 2N7275H VGS = -20V, VDS =0 


(Note 2, 4, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 5, 6) 


(Note 4, 6) 2N7275D,R | VGS =0, VDS = 160V 


> 


Zero-Gate Voltage 
Drain Current 


2N7275H 


aNTETED, FR 
2N7275H 
2N7275D, R 
2N7275H 


—_ 
=) 
© 


(Note 5, 6) VGS = 0, VDS = 160V 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


VGS = 10V, ID = 5A 


(Note 1, 5, 6) VGS = 16V, ID=5A 


Drain-Source (Note 1, 4, 6) 
On Resistance 


VGS = 10V, ID = 3A 


(Note 1, 5, 6) VGS = 14V, ID =3A 0.750 


co 
> 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value | 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R®. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 3/03/90 on TA 17632 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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_ 2N7275D, 2N7275R, 2N7275H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


(dp) 
Lu 
(aa 
Lu 
Qa 
= 
< 
ae 
c 
[aa 
O 
=) 
0 50 100 
TC CASE TEMPERATURE C 
Oo 
So 
TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 
ié9) 
Oe AVALANCHE MODE 
HU 
= 
Cc 
Zo 
c (op) 
ac 
(am) 
(em) 
an) Ww 
632UIS 
10 100 1000 
TIME OF INDUCTIVE DISCHARGE  uS 
wo TYPICAL PHOTO CURRENT 
| if VERSUS GAMMA RATE 
Zo 
2 
k 
Zz 
LW 
a 
om 
=) 
Cc) O 
a 
Cc 
a 
OQ 


1E9 
GAMMA DOT 


1E10 
RAD (SI) / SEC 
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DRAIN AMPERES 


ID 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


lE-5 1E-4 


1E-6 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


10 100 
VDS ORAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CMe 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


ot 
© 


TRANSISTORS 


EN 
Kon 


<a 


oe 


30 100 300 
DRAIN SUPPLY VOLTS 


MHARAIS — 2N7276D, 2N/276R 
SEMICONDUCTOR ss 9“N7276H 


‘REGISTRATION PENDING 


Currently Available as FRS230(D, R, H) | Radiation Hardened 
December 1992 | N-Channel Power MOSFETs 
Features Package 
¢ 7A, 200V, RDS(on) = 0.5152 --'TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD({Si) — 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 


- Survives 2E12 Typically If Current Limited to IDM g 
e Photo Current - 3.0nA Per-RAD(Si)/sec Typically G D 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 


LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


ge Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for S500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
| 2N7276D, R, H. UNITS 
Dralh-SOurce Voltage. c:55 inches a atten AGh ee eoA owe CaaS eek ea ke Mamaaeaas VDS 200 V 
Drain-Gate Voltage (RGS = 20KQ). 0... ccc ccc ence eee c eee c eter sewn ceeaces VDGR 200 V 
Continuous Drain Current 
TGS 425 Creat toawie senate pA tdaA dG te eed aaa ERE eee Rae ew ee ID 7 A 
TO = OO C wot a ch natvad Rene ee ceo a Cee Awe Meade eeee es vie bide egatianets ID 4 A 
Pulsed Drain Current... .......c cece c eee cee e te neee oP Pes eard io whee ornare Mare a Wales IDM 21 A 
Gate-Source Voltage ........... seve ecatevalta Ua tise Betavine Wied des a a ber ataries aaa eee aseearete VGS | +20 V 
Maximum Power Dissipation 
TO S425" Coa re Soha iva We Calpe Garon selet nue catia ae aa aakhele eaoawees aad PT 50 WwW 
TSS F100 Cisne s baad te ei eande x eeu oa wudaind we Gare Ane wie canes wea ate PT 20 Ww 
Derated Above: 425°C ire: dine ecikine oo 05/54 vee 25:55 ars Fae bas Guns eds eNeueaesetews 0.40 Ww/C 
Inductive Current, Clamped, L = 100pH, (See Test Figure)......... cece cece e ee eee ILM 21 A 
Continuous Source Current (Body Diode). ........ cece cee cece eee e tee eeeceenees IS 7 A 
Pulsed Source Current (Body Diode) .......... ccc cree cece cece ences eee eeeeeee ISM . 21 A 
Operating And Storage Temperature. ....... cc ccc ccc cece cece eteeeee TJC, TSTG -55 to+150 °C 
Lead Temperature (During Soldering) ‘ 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... cece cece cece eee eeees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3224 
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Specifications 2N7276D, 2N7276R, 2N7276H - Registration Pending 


| ums | 
0. nae 
0.25 


0.515 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source Breakdown Volts 
Gate-Threshold Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse 


TEST CONDITIONS 


Zero-Gate Voltage VDS = 200V, VGS =0 


Drain Current VDS = 160V, VGS =0 
VDS = 160V, VGS = 0, TC = +125°C 


Rated Avalanche Curent ese 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = 100V, ID = 7A 


Turn-Off Delay Time Period = 300s, Rg = 252 . a x 


Fall Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State QG(on) 


Gate-Charge Total 


0< VGS s 10 (See Test Circuit) 


VDD = 100V, ID=7A 
IGS1 = IGS2 


Plateau Voltage 0s VGS s20 


Gate-Charge Source 


Gate-Charge Drain =_™ 


Diode Forward Voltage 


ID = 7A, VGD = 0 
| = 7A; di/dt = 100A/us 
Free Air Operation 


VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 


Reverse Recovery Time 


Junction-To-Case 


Junction-To-Ambient 


RL 


TRANSISTORS 


v1 


Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7276D, 2N7276R, 2N7276H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


aNTTED, 


PARAMETER 


Drain-Source (Note 4, 6) 
Breakdown Volts 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward | 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


oo es 
ale ° le |a]elela/ele|-|-[e 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


2 
3 


NOTES: 

1. Pulse test, 300s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 

5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 3/03/90 on TA 17632 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 | 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
’9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7276D, 2N7276R, 2N7276H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


ny ep) 
fh i 
s 
Cc xc 
z z 
e & 
e e 
0 50 100 10 100 
TC CASE TEMPERATURE C VDS DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


in Zz 
Wo AVALANCHE MODE 2S N CHANNEL 
a. ze 
a aa 
z&8 fom) 
co N 
= _ 
om 
ra 
: XY we 
ae 
ae NEUTRONN 
100 1000 iEld. 1El4 ~~ 1E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
o TYPICAL PHOTO CURRENT ic DRAIN INDUCTANCE REQUIRED 
ad LW 
oe eae Gamay ane Gj | TO LIMIT GAMMA DOT CURRENT 
¢0 | TO ILM W) 
2 oc 
y : 
be € \O e 2 
2° KE YY) 
eo S na © < 
or oO © ~ 
=) Zz 
Ze a) 0 
HH z 
Cc I 
~ kK 
O i] 
= 
| GAMMADOT 


1E8 1EQ = 1EIO 30 100 300 
GAMMA DOT RAD €SI) / SEC DRAIN SUPPLY VOLTS 
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mHaRRIs _.2N7277D, 2N7277R 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRM234(D, R, H) 


2N7277H 


Radiation Hardened 


“December 1992 N-Channel Power MOSFETs 


Features | | Package 


¢ 7A, 250V, RDS(on) = 0.702 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
+ Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 4.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


TO-204AA 


ae Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 
This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified | 
; : 2N7277D, R, H ~ UNITS 
Drain-Source Voltage... ....... 2c cece cece eeeecs Wioa biinaea sted hada nat weet VDS 250 ov 
Drain-Gate Voltage (RGS = 20kKQ). .. 2. cece cece cece eee cece eee eeeecenes VDGR 250 V 
Continuous Drain Current 
MAO hace eae hs So caaye Gant Sa ae Sas as Be a ee ee ea Mae ID 7 A 
TC BAI00 Cy os cas heeae bot aay oWe dake wie rate cade odie CLAS ee eer iD 4 A 
Pulsed Drain Gurren ié. 2 5s0-5 0a ts aw Saws eee tls HOw POR SS DRAM CRA EO ee TaN eeu IDM 21 A 
Gate-Source Voltage ............. Peete TT ee eT or ee ee eee ee ee VGS +20 V 
Maximum Power Dissipation 
TC 425°C 5 dass csesseatwass er errr tere eat eamatauieeiaseees PT 75 w 
TG 00, Cis chins ean tard 34h inv arartieie be we Mula ae SUG SE A Oe Gee eeaes PT 30 W 
Derailed Above 425°C 4055 has. eb eae i weweiw vee tle beesad WeRaa tes Genes Ow tae wes 0.60 wc 
Inductive Current, Clamped, L = 100yH, (See Test Figure) eer rere oe ere ILM 21 A 
Continuous Source Current (Body Diode). ...... 0... cece cece cece eces Cay e ree IS 7 A 
Pulsed Source Current (Body Diode) ........... ccc cece ne cece ccc eeccenceeenes _. ISM 21 A 
Operating And Storage Temperature... ... cece cc cece erect cece ese ceeee TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... ccs cececcccececscececens TL 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3250 


SEMICONDUCTOR 


REGISTRATION PENDING | 
Currently Available as FRL234(D, R, H) 


2N7278H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features 
¢ 4A, 250V, RDS(on) = 0.7000 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRADXSI) 
- Defined End Point Specs at 300KRADX(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 4.0nA Per-RAD(Si)sec Typically 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
+ Usable to 1E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range = 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source VOlage it waicuaavwmaciideee as thn ack ean Mil noe alwan wee wae e wees 


Package 


TO-205AF 


DGS 


Symbol 


Drain-Gate Voltage (RGS = 20kQ).......... igus te A paaenies le ob Ie care Lon VDGR 


Continuous Drain Current 


Gale-Source Voltage: ci cia catia lakes Gene ea Cis Aes ot Vhs Gua we alweus ances’ 
Maximum Power Dissipation 
TG SAS CO alo alee cna aie saw oa kw de aed ce eae Sa eae eee 


Inductive Current, Clamped, L = 1001H, (See Test Figure)... ....... cece eee ene 
Continuous Source Current (Body Diode)... 1.1... ccc cece ccc cece cee eneenaees 
Pulsed Source Current (Body Diode) ........... ccc cece cece eee cece ec ee eee eveees 


Operating And Storage Temperature. ........ cc ccc eet e cece rece eeeee TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max..........ccccceccrcsccceecees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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2N7278D, R,H UNITS 
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File Number 3229 


Specifications 2N7278D, 2N7278R, 2N7278H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER seven | TEST CONDITIONS 


[aaneeresresrmvan [ones [seamen [ae [ [v 
Gate-Threshold Volts VGS(th) VDS = VGS. ID = 1mA 
a 
Gate-Body Leakage Reverse | igssh |vas=20900 


VDS = 250V, VGS =0 
VDS = 200V, VGS = 0 
VDS = 200V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID=4A 
Drain-Source On Resistance RDS(on) VGS = 10V, ID =2A 


Turn-On Delay Time VDD = 125V, ID = 4A 


Rise Time Le Pulse Width = 3ys 


Turn-Off Delay Time td(off) Period = 300pus, Ag = 250 


Zero-Gate Voltage 
Drain Current 


Rated Avalanche Current 


Fall Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State 


Gate-Charge Total VDD = 125V, ID =4A 
IGS1 = IGS2 


Plateau Voltage 0<VGS < 20 


Gate-Charge Source 


Gate-Charge Drain —s 


Diode Forward Voltage 


Reverse Recovery Time 
ee eoaueeed 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg : ) 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 


a<voss 10(See estore | 
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Specifications 2N7278D, 2N7278R, 2N7278H - Registration Pending 


Post-Radiation Electrical Specifications Tc = 425°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


(Note 4, 6) 2N7278D, R 


LIMITS 


TYP 


UNITS 
V 


Drain-Source 
Breakdown Volts 


(Note 5, 6) 


So 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


oi 


100 


> 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


> 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 200 


ye) 


-] he 
P| © 
ol] f ms 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 0.700 


On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300ps max 
2. Absolute value © 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 1/19/90 on TA 17633 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7278D, 2N7278R, 2N7278H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT | | SAFE OPERATING AREA CURVE 
/VS CASE TEMPERATURE  =—s | — CASE TEMPERATURE=25 C 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRS234 (D, R, H) 


2N7279H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features 
e 5A, 250V, RDS(on) = 0.7150 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRADXS)) 
e Gamma Dot - Survives 3E9RAD(SI)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 4.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event —- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BYDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- |. 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current. limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Didin-SOUICe VONAGG S045, ca.oGoe ais eat eee eb boa Mena Rae Seats cia est eoeaes 


Package 


TO-257AA 


Symbol 


Drain-Gate Voltage (RGS = 20KQ)..... cc ce eee c eee cece eee eteevens VDGR 


Continuous Drain Current 


Gale: Source: VONAGE cat. ace awia teak ate take wedaeecneianarecusts ean eee ne 
Maximum Power Dissipation 
IGS 425 © pce euuieiess awk aid enous Oba e wens Sea ee Las Ca ew raxes 


Inductive Current, Clamped, L = 100u1H, (See Test Figure). .... 2... ec ce ec eee eee 
Continuous Source Current (Body Diode). ...... 0... ce cece cee ce cece cerns eeeees 
Pulsed Source Current (Body Diode) ............ cece cee eee e cece eee eeeeeee 


Operating And Storage Temperature... ... ccc ccc cc ccc cc eee ete eaeenes TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece cece ee ee ences 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3251 


mMHaRRis  2N7280D, 2N7280R 
SEMICONDUCTOR 2 2N7280H 


REGISTRATION PENDING 


Currently Available as FRM430 (D, R, H) _ _ Radiation Hardened 
December 1992 : 8 N-Channel Power MOSFETs 
Features | | Package 
¢ 3A, 500V, RDS(on) = 2.50 | - TO-204AA 
e. Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


' » Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e¢ Gamma Dot - Survives 3ESRAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current --8.0nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 


e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


- The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
-with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25MQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7280D, R, H UNITS 
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Drain-Gate Voltage (ARGS = 20KQ). . 0. ccc ccc cet eneseseneeeseeserevesevennes VDGR 500 
Continuous Drain Current 
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Gate-Source Voilage iii cued tbe eee sie dba SOREN RAS NS ae ee ee Sea . .VGS +20 
Maximum Power Dissipation 
NGS 425° Cs, Avia iar e eee sae eae hes a weasel a Neu aap ee aed PT 75 


Derated ABOVE 425 Cio 5 haa by ee NG Ae a eae Ww k baleN Soe SAG ea Seen HORE REGS 0.60 
Inductive Current, Clamped, L = 100u1H, (See Test Figure)... 1... . eee cece cee ee eee ILM 9. 
Continuous Source Current (Body Diode)... 1... . ccc ccc ccc w eee teen ween ene eenes IS 3 
Pulsed Source Current (Body Diode) .............es008. Mga wie rate Gow craven ignee ISM 9 
Operating And Storage Temperature......... Pelee OCS Melee ea ea eee eee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... cece cece cece eee eeneeees TF. 300 he © 


a 

| 

ur 

8 

[e} 

oO 

7 

+ 

wo 

oS 
< 

>>> sass <>>> 


. 9 
?) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3252 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRL430(D, R, H) 


2N7281H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features Package 


e 2A, 500V, RDS(on) = 2.50Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


e Photo Current - 8.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? | 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30ym at 80% BVDSS 


TO-205AF 


DGS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-SOuree VONAGO. <0’. asc056 Ss hohe hoes meade tea eles ee ee er tr VDS 
Drain-Gate Voltage (RGS = 20kKQ). 0... ccc ccc cece cece eee teens eee eenes VDGR 
Continuous Drain Current 

CSAS an be cS wah eaede a ee ees oe aint aie Uo scoue g oumuagns Hole nw eee ID 


rulsed Drain: Cunent sss 5:cb dee Lotte se did eae tdkew SU eae dae eae ee ees IDM 
Gale-Soures VOlade < 22 «ace besos tare Maced vised etes sb eh wwe Ree wea ede Ree eae VGS 
Maximum Power Dissipation 

IGSS2S 6 caw cadnracvGawe esses esau taks abe Sue ecetukyieacie ores PT 


Inductive Current, Clamped, L = 100nH, (See Test Figure)... 2.6... cece eee eee eee ILM 
Continuous Source Current (Body Diode)... 1... ccc ccc cece cece eee e eee ences IS 
Pulsed Source Current (Body Diode) ........... ccc ccc cece e etree tence eenes ISM 
Operating And Storage Temperature. .... 1... cece cece ce cece eee ecees TJC, TSTG 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc cee cee ee eee cece TL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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FileNumber 3234 


Specifications 2N7281D, 2N7281R, 2N7281H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS © 
PARAMETER 2 _ TEST CONDITIONS | own [MAX | 
[Gantonsounmmvon | evs [vescommimm fm [|v 
Gate-Threshold Volts | VGS(th) VDS = VGS. ID = 1mA | 2 4 Oy 

Ee a 
Ee 


VDS = 500V, VGS = 0 1 
VDS = 400V, VGS = 0 0.025 mA 
VDS = 400V, VGS = 0, TC = +125°C 0.25 

Rated Avalanche Current Time = 20ps A 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID = 2A 
Drain-Source On Resistance RDS(on) VGS = 10V, ID=1A 


fo] 
«> 


Zero-Gate Voltage 
Drain Current 


' 


rammed 0s Vass 10 S20 Test cro 
[canto onsue |e | 
IGS1.=1IGS2 
a 
a 


Pulse Width = 3yus 


> 


ID = 2A, VGD =0 
| = 2A; di/dt = 100A/us 
Free Air Operation 


VDD 9 E1 = 0.5 BVDSS VC = 0.75 BVDSS 
| RL | 
v1 se | 
fut : | 


FIGURE 1. SWITCHING TIME TESTING | FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 


Vi 

Vv 
Reverse Recovery Time TT 
Junction-To-Case R 


Junction-To-Ambient So 


°C/W 
175 
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Specifications 2N7281D, 2N7281R, 2N7281H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) 2N7281D, R 
Breakdown Volts 
2N7281H 
2N7281D, R 
2N7281H 
2N7281D, R 
2N7281H 
2N7281D, R 
2N7281H 
2N7281D, R 


2N7281H 


VDS(on) | 2N7281D, R 


VDS(on) | 2N7281H 
RDS(on) | 2N7281D, R 
ADS(on) | 2N7281H 


' LIMITS 


TEST CONDITIONS 


= > 
oo} oO 


VGS=0,ID=imA | 


(Note 5, 6) VGS = 0, ID = 1mA 475 


Gate-Source (Note 4, 6) VGS = VDS, ID=1mA 


Threshold Volts 


(Note 3, 5, 6) VGS = VDS, ID = 1mA 


Gate-Body VGS = 20V, VDS =0 


Leakage Forward 


(Note 4, 6) 


(Note 5, 6) VGS = 20V, VDS = 0 


Gate-Body (Note 2, 4, 6) VGS = -20V, VDS = 0 


Leakage Reverse 


(Note 2, 5, 6) VGS = -20V, VDS = 0 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) VGS = 0, VDS = 400V 


—_ 
>) 
© 


(Note 5, 6) VGS = 0, VDS = 400V 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


VGS = 10V, ID = 2A 


(Note 1, 5, 6) VGS = 16V, ID=2A © 7.88 


Drain-Source VGS = 10V, ID=1A 


(Note 1, 4, 6) 
On Resistance 


as 
NI 
oi 


(Note 1, 5, 6) VGS = 14V, ID=1A 


NOTES: 

. Pulse test, 300s max 

. Absolute value 

. Gamma = 300KRAD(Si) 

. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R”. Neutron = 3E12 

. Gamma = 1000KRAD(Si). Neutron = 3E12 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 10/29/90 on TA 17635 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO fh WD PO = 
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TRANSISTORS 


2N7281D, 2N7281R, 2N7281H - Registration Pending 


Typical Performance Characteristics — 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE ~ 


=RES 
DRAIN AMPERES 


DRAIN AMPE 


ID 


0 50 100 10 100 
TC CASE TEMPERATURE C VDS_  DRAIN-TO-SOURCE VOLTS 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


NORMALIZED ON RESISTANCE 
- VERSUS NEUTRON FLUENCE 
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c LW | 
LW 
CC) 
is E io 
fi © 1 
id 5 Ww 
ita OQ 
2) z 
Q be 
Z ay 
c var 
m~ 
a) a 
= 
FRL430PHOTO — GAMMADDT 
1E8 2E8 4E8 1E9 30 100 300 
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mMHaRRIs  2N7282D, 2N7282R 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRS430 (D, R, H) 


2N7282H 


Radiation Hardened 


December 1992 | N-Channel Power MOSFETs 


Features Package 


e 3A, 500V, RDS(on) = 2.52Q 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAKXSI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 8.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from: signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


TO-257AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source VONEGG x6s5.seciee Gack clds Rae Oe ee os we Sale a 56 Ww Se 0 eRe ees VDS 
Drain-Gate Voltage (RGS = 20KQ). .. 1... ccc cece cece cece nent eet ccceeeecees VDGR 


Continuous Drain Current 


Gate-Source Voltages. acdc kennotreadscabeiddca seven ee twee eeeewi aes eee VGS 


Maximum Power Dissipation 
TO 2525-5 cyt anne Vee eae ia Rte ade we SES BEC tA Seee Saw ee Se tie eee ees 


Inductive Current, Clamped, L = 100y1H, (See Test Figure)... ........ cece eee eee ees 


Continuous Source Current (Body Diode)... 02... cece cece tence eee teen eeenes 
Pulsed Source Current (Body Diode) ........... cece eee ce eee tec ence ee eteees ISM 
Operating And Storage Temperature... .... ce ccc ccc cece cee eect ee ceees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 108 Max........ cece cece eee cece ete eees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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FileNumber 3253 


TRANSISTORS 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as ee 40 (D, R, H) 


2N7283H 


Radiation Hardened 


December 1992 a N- Channel Power MOSFETs 


Features | Package 


e 23A, 100V, RDS(on) = 0.1302 
e Second Generation Rad Hard MOSFET Results From New Design nen 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(S)) 
- Defined End Point Specs at 300KRAD(SI) and J000KRAD(SI) 
-- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3ES9RAD(SiVsec at 80% BVDSS Typically 
| - Survives 2E12 Typically If Current Limited to IDM 
e¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
-e Single Event —- Typically Survives 1E5ions/cm? Having an 
* LET <35MeV/mg/cm? and a Range 2 30m at 80% BVDSS — 


TO-204AA 


— Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types Dp 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cem? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
> burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 
This MOSFET is an enhancement-mode silicon-gate.power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as.either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. | 
- Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7283D, R, H UNITS 
Drain-Source Voltage. Sa AR6e-RRG ie sae WA aa al SOE Wa AON aS Oe MG OA eae VDS 100 Vv 
Drain-Gate Voltage (RGS = 20KQ). 2... ccc cece ce cee e teenie tee ence eees VDGR 100 ~ V 
Continuous Drain Current 
AOS 42S Ciel v ale Woon Lales oe wag a dara eb wER wes eaeR OE Oe inn Meee s Poemee 23 A 
NO = 4100 Crane nett Noth Vip caer cacwl eo eaeue eee degre aniwceeGle ink 15 A 
FUlSed Drain CuUmeN iiss od bie oka Gewese eG ele RINSE Sedna sea eeea ea ees IDM 69 A 
Gate-Soulee Voltage ss ce carin et ot swe eae ausa ee elies v2 9 Canaee cauGe™ owners VGS +20 V 
Maximum Power Dissipation 
TGS 25 6 es et Poh deere ete we adie bend Mastek ees Se seRaN ees e eeu teak 125 W 
TOS 4100 tne jimrne eiwctis Gun eave 6 ee ae RIG ae BA Died chew eeeks 50 W 
Detaled Above 425°C sv. esccateelevetewadhind jared oesuas Salsa au oe een ewaa ess 1.00 WC 
Inductive Current, Clamped, L = 100y1H, (See Test Figure)... .. 2... cece eee eee ee ; 69 A 
Continuous Source Current (Body Diode) ......... 0c. cece cece ee ee eens eee Cee eee 23 A 
Pulsed Source Current (Body Diode) .......... cece eect cece reece eee ec ences ISM 69 A 
Operating And Storage Temperature... 2... ccc ccc cc cece eee ee en eas TJC, TSTG '-55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max........cc ccc ccc cece ccccenecees °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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File Number 3220 


Specifications 2N7283D, 2N7283R, 2N7283H - Registration Pending 


Pre-Radiation Electrical Specifications Tc =+25°C, Unless Otherwise Specified | 


LIMITS 
SYMBOL 


Gate-Body Leakage Forward VGS = +20V 
Gate-Body Leakage Reverse VGS = -20V 


Zero-Gate Voltage VDS = 100V, VGS = 0 
Drain Current VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps 


PARAMETER TEST CONDITIONS UNITS 


Drain-Source Breakdown Volts 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID =23A 


Drain-Source On Resistance RDS(on) VGS = 10V, ID = 15A 
Turn-On Delay Time td(on) VDD = 50V, ID = 23A 


| oe 

i ae 

ee ee 

Eas 

ee 

ee 

ee 

oe he 

a 

Rise Time Pulse Width = 3ps ps | 800 
Turn-Off Delay Time Period = 300ps, Rg = 250 psf 160 | 
a 

Gate-Charge Threshold i Be ee 
= fe 

a 

ef 

pe 

ee ee 

a 


Gate-Charge On State QG(on) 


Fall Time [a 0 < VGS s 10 (See Test Circuit) 


Gate-Charge Total VDD = 50V, ID = 23A 
IGS1 =1IGS2 
0<VGS <20 


Plateau Voltage V 


Gate-Charge Source Q 


oe! 
Gate-Charge Drain 
fae! 


Diode Forward Voltage V 


ID = 23A, VGD =0 


Reverse Recovery Time | =23A; di/dt = 100A/ys 


Junction-To-Ambient Free Air Operation 


VDD E1=0.5BVDSS VC = 0.75 BVDSS 


IA 
G 
G 
G 
S) 

TT 


Vv 
V 
nA 
nA 
mA 
A 
V 
Q 
V 
V 

C/W 


fe) 


TRANSISTORS 


RL 


v1 


Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7283D, 2N7283R, 2N7283H - Registration Pending | 


| a | LIMITS 
PARAMETER SYMBOL TEST CONDITIONS pMIN | MAX UNITS 
Drain-Source (Note 4, 6) Bvpss | 2N7283D,R | VGS=0,ID=1mA ) to fo fv 
Breakdown Volts : 

eC _N IN 4dmaA fel =< vl 


fAlnta FE A\ pavuNnece OAITZNAALI 
Ve wwew wy vj ww VT bOI Sai WE Ent § 


Gate-Source (Note 4, 6) VGS(th) | 2N7283D,R | VGS=VDS,ID=1mA Lec 
Threshold Volts 


(Note 3, 5, 6) 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified _ 


Gate-Body | (Note 4, 6) 
Leakage Forward 
(Note 5, 6) 


Gate-Body (Note 2, 4, 6) 
Leakage Reverse 
: (Note 2, 5, 6) 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 
(Note:5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 
(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) VGS = 14V, ID = 15A 


NOTES: 
1. Pulse test, 3001s max 
. Absolute value 
. Gamma = 300KRAD(Si) : 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 6/25/90 on TA 17641 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 . 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7283D, 2N7283R, 2N7283H - Registration Pending — 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


100 


mn 2 Ww 
aa we 
LU Lu 
: 
(om xc 
mart zO 
c c 
65 5 
20 a 
FRMI 401DT FM1 40S0A 
0 50 100 10 100 
TC CASE TEMPERATURE C VOS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET a VERSUS NEUTRON FLUENCE 
n 8 ra 
WW & ~ AVALANCHE MODE O N CHANNEL 
DB | 
e ra 
ae. a 
.~ a 
= 7 
& 
(om) 
NEUTRONN 
100 1000 | feta iet4 11s 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 
w TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
LW 
Bo VERSUS: GANA RATE Wi | TO LIMIT GAMMA DOT CURRENT 3 
=O an TO ILM ” 
cap _ O 
my _ 
7 
(as) 
ao Gu z 
5 = oc 
O S Fe 
(oe) 
ZO oO ' 
c~ _ 
o i 
= > 
641 PHOTO - GAMMADOT 
1E9 1E1O.—C«dT EN 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 


12-45 


tt 


REGISTRATION PENDING 
Currently Available as FRS1 40 ae R, H) 


SEMICONDUCTOR 


HARRIS ~2N7284D, 2N7284R 


2N7284H 


Radiation Hardened 


December 1992 _ N-Channel Power MOSFETs 


Features | | | Package 


e 17A, 100V, RDS(on) = 0.145Q | 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 

. - Performance Permits Limited Use to 3000KRAD(SI) | 
¢ Gamma Dot - Survives 3E9SRAD(Si)sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 

Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 

| - Usable to 3E14 Neutrons/cm* 
e Single Event _- Typically Survives 1E5ions/cm? Having an 

| LET < 35MeV/mg/cm? and a Range > 30ym at 80% BVDSS | 


TO-257AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage Wea eaten ee wale ease eevee Pree ree rrr et eee VDS 
Drain-Gate Voltage (RGS = 20kQ). Ba aes vu aie Daa aaa eae hate oa ats eee dia Sateen Goes taste enage VDGR 
Continuous Drain Current _ 7 

TC = Stee isin aida lee eiea rsipatw gai aie ele wee ener Maan Pama e ew AEG Oe se CaN eee ID 


Gate-Source Voltage ........... Ne pe ee Meas a CAG oRaN ae Nes Meee ee eas eee VGS 
Maximum Power Dissipation 
TC = = +25°C Pe ee aoe one ares ere er sca aa RTs ete Caw Sateae a eke PT 


Inductive Current, Clamped, | L = 100y1H, (See Test Figure) Pe eRe Te ee R eT ee ee ILM 
Continuous Source Current (Body Di0de) 6.6.56 os toes exsebe enw ee Bek Sow ke Pole aaldvars JIS 
Pulsed Source Current (Body Diode) ....... cece cece cece cee e cence eececes ... ISM 
Operating And Storage Temperature. ..... aie pcat eg ibaee: ANd Sisal abd eecbuioae dacme Rieeeeite TJC, TSTG 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... 2 cece cence cece eee eccenes TL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 
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| FileNumber 3254 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRM240(D, R, H) 


mHaRRis  2N7285D, 2N7285R 


2N7285H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features : Package 


e 16A, 200V, RDS(on) = 0.2402 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRADXS) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically tf Current Limited to IDM 
¢ Photo Current - 5.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm* 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-204AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from. 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. . 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source. Voltage: 4 isc dikowiidwcttasdenisiedentitdes awe ein de8s eee VDS 
Drain-Gate Voltage (RGS = 20KQ). .. 0... ccc cece eect cece tent ences eneees VDGR 


Continuous Drain Current 


WO S20' Cu.2 wietosewisb alg sepaeu una rea te kuna etameanen aces sean wea at 


Gal6-Soulce VONAGG v isec teu haee nase ee eed Sante SawSn ew he ee ciewleNe ee es VGS 


Maximum Power Dissipation 
PG 425 Ossie ais Laces era acw id aie Grace ereelOu rs Oe eae aa We we Salas ee eoasteoe Se eras 


Inductive Current, Clamped, L = 100y1H, (See Test Figure)...... 0... cece wee cece eee 


Continuous Source Current (Body Diode)... 1... ccc cece eect erect ere eres eenens 
Pulsed Source Current (Body Diod@) ......... cece cee cece eect reece eee eeeeeces ISM 
Operating And Storage Temperature... 6... cc ccc cece eee cette eee cees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max........ cece ce cree cece e ee eeees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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2N7285D, R, H UNITS 
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File Number 3225 


TRANSISTORS 


Specifications 2N7285D, 2N7285R, 2N7285H - Registration Pending 
Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


LIMITS © 


PARAMETER | TESTCONDITIONS | MIN: | MAX | UNITS 
Drain-Source Breakdown Volts BVDSS VGS = 0, 1D = 1mA | 200 J - fo ov 
4.0 oy 


Gate-Threshold Volts ~ VGS(th) VDS = VGS, ID= 1mA 2.0 


Gate-Body Leakage Forward IGSSF VGS = +20V | 
Gate-Body Leakage Reverse | ess VGS = -20V . | 


Zero-Gate Voltage . VDS = 200V, VGS = 0 
Drain Current VDS = 160V, VGS = 0 
| VDS = 160V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts VDS(on) VGS = 10V, ID = 16A a 
Drain-Source On Resistance RDS(on) VGS = 10V, |ID=10A | 
Turn-On Delay Time | td(on) VDD = 100V, ID = 16A 


8 


> 
Go 


Turn-Off Delay Time td(off) Period = 300us, Rg = 25Q — 
Fall Time 


a 
IGS1 = 1IGS2 


Junction-To-Case 


I 


0<VGS s 10 (See Test Circuit) 


E1=0.5BVDSS. VC = 0.75 BVDSS 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWIT CHING, ILM 
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Specifications 2N7285D, 2N7285R, 2N7285H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) 2N7285D, R 
Breakdown Volts 

2N7285H VGS = 0, ID = 1mA 
2N7285D, R VGS = VDS, ID =1 
2N7285H VGS = VDS, ID =1 
2N7285D, R VGS = 20V, VDS =0 
2N7285H_~ 
2N7285D, R VGS = -20V, VDS = 0 
2N7285H VGS = -20V, VDS = 0 
| IDSs 2N7285D,R | VGS =0, VDS = 160V 
cs 


LIMITS 


TEST CONDITIONS 


VGS =0,!D=1mA 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 


(Note 3, 5, 6) 


> 


> _ 
fo) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) VGS = 20V, VDS = 0 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 0 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 2N7285H VGS = 0, VDS = 160V 


2N7285D,R | VGS=10V, ID =16A 
2N7285H VGS = 16V, ID = 16A 
2N7285D,R | VGS=10V, ID=10A 
2N7285H VGS = 14V, ID=10A 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


oO 
{oe ) 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


0.240 


(Note 1, 5, 6) 0.360 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R®. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 7/9/90 on TA 17642 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, PA 
19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7285D, 2N7285R, 2N7285H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Ht os ul 
Ww aj wi 
3 z 
ae z= 
& & 
a4 
S 
it) 
FRM2401DT FRM240S0A 
0 50 100 10 100 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE. 
SWITCHING FAILURE ONSET - Z VERSUS NEUTRON FLUENCE 
oO ; 
NOD = 
Wo AVALANCHE MODE = N CHANNEL 
a: Q 
= a 
Zo a 
a N 
= 7 
¢ 
QO 
240UIS NEUTRONN 
“100. +300 ieis- 1Et4.. 4EIS 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 
«9 TYPICAL PHOTO CURRENT c DRAIN INDUCTANCE REQUIRED 
ed LU 
vencue Gaia Bake Gi _ | TO LIMIT GAMMA DOT CURRENT 
£6 oa TO ILM 
(¢ oe = 
ty 
= € lo Ne) © 
ao i 
can = = 
~ QO 
~) Zz 
OO —H 
as o) “ 
c orl 
ad ad 
O MH 
= 
_I GAMMADOT 


1E8 1E9 1E10 30 100 300 
GAMMA DOT RAD (SI) 7 SEC DRAIN SURPLY VOLTS 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRS240 (D, R, H) 


2N7286H 


Radiation Hardened | 
December 1992 N-Channel Power MOSFETs 


Features Package 


e 12A, 200V, RDS(on) = 0.2550 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) _ - 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRADX(SI) 
e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 5.0nA Per-RAD({Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-257AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S50OV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Dial SOurce VONAG6 isis oise Ai ec ache Rw wha edb adey sean eePaw en Date eeae VDS 
Drain-Gate Voltage (RGS = 20KQ).... 0... ccc ccc cece cece cece e ee eee sees VDGR 


Continuous Drain Current 


Gale-Source: Voltage a6. ¢ scaiaewdins wey ads ayaa ataeete eomeen vewanune ans VGS 


Maximum Power Dissipation 
RG 297 Gs era ean athe oo aia a ew hae oes tora tes bee ee Mane ao aoa ee 


Inductive Current, Clamped, L = 1001H, (See Test Figure)........ 0. cece ee eee ee eee 


Continuous Source Current (Body Diode)... ....... cece ec cece cece cece eee ceeceens 
Pulsed Source Current (Body Diode) .......... cc cece cece cece cere eee e ee eteenees ISM 
Operating And Storage Temperature... ... ccc ccc cece cece eee ene eeees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccs cece cee cec ec eeecees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3255 


TRANSISTORS 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as BnnMerat R, H) 


2N7287H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features : | | Package 


e 12A, 250V, RDS(on) = 0.400Q 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


~ @ Gamma - Meets Pre-Rad Specifications to 100KRAD(S)). 
_ = Defined End Point Specs at 300KRAD(Si) and: 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
¢ Photo Current - 7.0nA Per-RAD(Si)sec Typically 
e Neutron | - Pre-RAD Specifications for 1E13 Neutrons/cm? 
_- Usable to 1E14 Neutrons/em? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
_ LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Description 


‘: The Harris Semiconductor Sector has designed a series of SECOND GENERA-. 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX-(commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Symbol 


. TO-204AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Diain-SOurce VONAG 0 oss. 0d soba s wae oe REG ERNE AS aad oka ed CaQwedadeaw esas VDS 
Drain-Gate Voltage (RGS = 20kQ). 0.0... cece ccc cee cence eect eee eeneeens VDGR 


Continuous Drain Current 


Gate-Source VORAGC s 5 bcs aces eee hese eles ORR owe h MK5G OOS OS Cee be bulc wee eS VGS 


Maximum Power Dissipation 
POS ACS © erties aus iS has co ok Shee w dt WON Saw PERR Ae whe Oe bed ewenns 


Inductive Current, Seed L = 100pH, (See Test Figure)... .. cc eee eee cee eens 


Continuous Source Current (Body Diode) ........ 0. ccc ccc c cc ccc cence cree cececens 
Pulsed Source Current (Body Diode) .......... cece cece cee cece eect cee sceeeeees ISM 
Operating And Storage Temperature... 0.2... ccc ccc cnet cece etree tene TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc ccc cece cece ee seees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 


Copyright © Harris Corporation 1992 12-52 


2N7287D, R, H UNITS 


250 
250 


<< 


3 
PP> see <>>> 


° 
©) 


55 ‘6 +150 


° 
.?) 


300 


File Number 3230 | 


Specifications 2N7287D, 2N7287R, 2N7287H - Registration Pending 


Pre-Radiation Electrical Specifications Tc =+25°C, Unless Otherwise Specified : 


SYMBOL 


Drain-Source Breakdown Volts 
Gate-Threshold Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse 


LIMITS 


PARAMETER TEST CONDITIONS UNITS 


VDS = 250V, VGS = 0 
VDS = 200V, VGS = 0 


Zero-Gate Voltage 


Drain Current . 


VDS = 200V, VGS = 0, TC = +125°C 


se 
oe 
ee 
a 
a 
Drain-Source On-State Volts VGS = 10V, 1D = 12A oe 
Drain-Source On Resistance VGS = 10V,|ID=7A zz 
Turn-On Delay Time VDD = 125V, ID = 12A = 
Rise Time oe! Pulse Width = 3ys == 
Turn-Off Delay Time Period = 300ps, Rg = 25 Le 
eos 
Peed 
as 
Eos 
Led 
—- 
=m 
ae 


Fall Time 0<VGS <s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 


Q 


Gate-Charge Total VDD = 125V, ID = 12A 


IAR 
GM 
IGS1 = 1IGS2 
Plateau Voltage 0<VGS <20 
Gate-Charge Source | aes 
Gate-Charge Drain 
SD 
TT 
Réjc 


Junction-To-Ambient 


0.400 
«54 
TBD 


V 
V 
nA 
nA 
mA 
A 
V 
Q 
Vv 
V 
°C/W 


y) 
o 
‘e) 
— 
” 
VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 2 
RL om 
v1 - 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER 


Drain-Source 
Breakdown Volts 


Gate-Source 
‘Threshold Volts 


Gate-Body 


Leakage Forward - 


Gate-Body 
Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Drain-Source 
On-State Volts 


Drain-Source 
On Resistance 


‘NOTES: 


.. Absolute value 


NOomh OD = 


PA 19401 


Specifications 2N7287D, 2N7287R, 2N7287H - Registration Pending 


LIMITS 


RvNSS | 9N7287H | 
VGS = 20V, VDS = 0 nA 
(Note 2, 4, 6) | I@ssR_ | 2N72670, R | VGS = -20V, VDS = 0 
(Note 2, 5, 6) | iassr | 2N72e7H VGS = -20V, VDS = 0 
[ss 
| iss 


(Note 4, 6) 
2N7287H VGS = 0, VDS = 200V 


(Note 4, 6) 


(Note 5, 6) 


(Note 5, 6) 


(Note 5, 6) 


(Note 1,4,6) | VDS(on) | 2N7287D,R | VGS=10V,ID=12A 
(Note 1,5,6) | VDS(on) | 2N7287H VGS = 16V, ID = 12A 
(Note 1,4,6) | RDS(on) | 2N7287D,R | VGS=10V,ID=7A 


(Note 1, 5, 6) 


. Pulse test, 3001s max 


. Gamma = 300KRAD(Si) 7 

. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 

. Gamma = 1000KRAD(Si). Neutron = 1E13 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS - . 
. Gamma data taken 1/30/90 on TA 17643 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989. 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


12-54 


2N7287D, 2N7287R, 2N7287H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 
30 


AMPERES 
100 


DRAIN CURRENT 


300 


100 


10 


1 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


FRM2441DT 
0 


100 


50 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


NN 


17643UIS 


100 300 


TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E8. 
GAMMA DOT 


FRM244PHOTO 


1E9 1E10 
RAD €SI) 7 SEC 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25. C 


100 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


LE=5 


1E-6 


GAMMADOT 
30 100 300 
DRAIN SUPPLY VOLTS 


“” 
5 
- 
oY 
” 
= 
< 
oa 
- 


" mHaRRis  2N7288D, 2N7288R 
HARnS ptr clocral 


REGISTRATION PENDING 


Currently Available as FRS244 (D, R, H) Radiation Hardened 
December 1992 , N-Channel Power MOSFETs 
Features : | Package 
¢ 9A, 250V, RDS(on) = 0.4150 TO-257AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts . 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRADXS)) 
- Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 


- Survives 2E12 Typically If Current Limited to IDM S 
* Photo Current - 7.0nA Per-RAD(Si)/sec Typically C D 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 


- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range = 30m at 80% BVDSS 


nus Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types | 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cem? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to | 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7288D, R, H UNITS 

Drain-Source Voltage. wicti sedate eewived adi aan tewde estas we Sed oprdee VDS 250 OM 
Drain-Gate Voltage (RGS = 20KQ). 00... cece ce cece cece reece eee tence en ee scenes VDGR 250 V 
Continuous Drain Current 

MS SOO: CO oes cei anceu nck ed wiwaie wien ye eease eae wa Wa oae a REO ewes ea wae N Seem wale’ ID 9 A 

EOS 100 Cid wr crencicat awake aa atten nena haves PA DEESCT RAN AGN a ewes ID 6 A 
PUISCG- Drain CUITOINGs: 3:55 6 65 o'6 sed eee sa Soe ae y RSET SOO mre ee ba ee aw ee's IDM 27 A 
Gate-Source Voltage... 1... cece cece cee cece eens Una aNA aac tae Saws VGS +20 V 
Maximum Power Dissipation 

NGS 28°C ca catideiasa pi Rie teaiediedsetier sm das vada Sosteee es PT 75 WwW 

Ge SH NOO CG wn cnc seaa i winns wee oncd ieee Vadabe Ae Vaan se wna wens arian PT 30 Ww 

Derated Above +25°C ...... i ad.ci ale Sees Rea hea Sea.geaeen doe die Raw aa ela eRe ero wees 0.60 WPC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)... ... 2... . cece cece eee eee ILM 27 A 
Continuous Source Current (Body Diode). ... 0... . ccc cc cece cece cece eee eeeeeeees IS 9 A 
Pulsed Source Current (Body Diode) ........... cece cece cece eee e eee t ee eeeeoees ISM 27 A 
Operating And Storage Temperature. ....... cece cece cece teen cer ecees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max....... cc cece cece nee e een ecens TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3256 
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REGISTRATION PENDING 
Currently Available as FRM440(D, R, H) 


SEMICONDUCTOR 


marmis  2N7289D, 2N7289R 


2N7289H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features | Package 


© 6A, 500V, RDS(on) = 1.400 
¢ Second Generation Rad Hard MOSFET Results.From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 12.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13:Neutrons/cm* 
e Single Event _- Typically Survives 1E5ilons/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-204AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm, for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) | 
exposures. Design and processing efforts are also directed to enhance survival to . 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above.. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 


Drain-Gate Voltage (RGS = 20KQ). 0... ccc ccc cece cece cece tee eee esnnes VDGR 


Continuous Drain Current 


Gale-Souice Vollage ass caiws chnie ¥watnekeet teu GiaKee Ss a Skuonie Moree es VGS — 


Maximum Power Dissipation 
TC = +25°C 


Inductive Current, Clamped, L = 100,H, (See Test Figure). ........ 0. cece eee cece ees 


Continuous Source Current (Body Diode)... . 1... kee c ec eect nce ec eee acensces 


Ee ee Tee Te ee ee ee re ee ee ISM 
Operating And Storage Temperature. .... 0... ccc cee ccc cece eee ecceens TJC, TSTG 


Pulsed Source Current (Body Diode) 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc cece cece ete eeeees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2N7289D, R, H UNITS 
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- Specifications 2N7289D, 2N7289R, 2N7289H - Registration Pending _ 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL | MIN, | MAX UNITS 
Drain-Source Breakdown Volts BvDss_ | VGS=0,ID=1mA 7 ) p00 ff 
Gato-Throchold Volts VGSiin) 2.0 4.0 V 


Gate-Body Leakage Forward 


IGSSF VGS = +20V . 


VDS = 500V, VGS = 0 
VDS = 400V, VGS = 0 
VDS = 400V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = 250V, ID = 6A 

Rise Time Le 4 
| ‘Turn-Off Delay Time 
Fall Time —_ ae 
Gate-Charge Threshold 
Gate-Charge On State | 
Gate-Charge Total | acm | VDD = 250V, ID = 6A 

IGS1 = IGS2 


Plateau Voltage 0s VGS s 20 


Gate-Charge Source | acs 
Gate-Charge Drain | aap. | 
R 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current — 


Rated Avalanche Current 


Pulse Width = Sus 
Period = 300pus, Rg = 250 — 


0<VGS ¢ 10 (See Test Circuit) 


Diode Forward Voltage 


G 
S) 
Reverse Recovery Time TT | = 6A; di/dt = 100A/ps 
Junction-To-Ambient Free Air Operation 


vbD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL . 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING . FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7289D, 2N7289R, 2N7289H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) 2N7289D, R 
Breakdown Volts 

2N7289H 
2N7289D, R 
2N7289H 
2N7289D, R 
2N7289H 
2N7289D, R 
2N7289H 
| IDSs 2N7289D, R 
[| ss 


LIMITS 


TEST CONDITIONS 


VGS = 0, ID = imA 


meee Sina 
o 
< 


(Note 5, 6) VGS = 0, ID = imA 475 


oO 
< 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS = VDS, ID = 1mA 


(Note 3, 5, 6) VGS = VDS, ID = 1mA 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = 20V, VDS = 0 


(Note 5, 6) VGS = 20V, VDS = 0 


no 
co) 
—) 
=} 
> 


wh 
=) 
Oo 
| 

> 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) VGS = -20V, VDS = 0 


(Note 2, 5, 6) VGS = -20V, VDS = 0 


Zero-Gate Voltage VGS = 0, VDS = 400V 


Drain Current 


(Note 4, 6) 


(Note 5, 6) 2N7289H 


2N7289D, R 
2N7289H 
2N7289D, R 
2N7289H 


VGS = 0, VDS = 400V 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


VGS = 10V, ID =6A - 


(Note 1, 5, 6) VGS = 16V, ID= 6A 


Drain-Source (Note 1, 4, 6) 


On Resistance 


VGS = 10V, ID= 4A 


(Note 1, 5, 6) VGS = 14V, ID=4A 


NOTES: 
1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 10OO0KRAD(Si) for “R”. Neutron = 3E12 
. Gamma = 1000KRAD(Si). Neutron = 3E12 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 3/15/90 on TA 17645 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


Noon f$ wD HY 


co oo 
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TRANSISTORS 


2N7289D, 2N7289R, 2N7289H - Registration Pending — 


_ Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


_| MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 ie 
& z 
z z 
& & 
Se 
0 50 100 | 10 100 
TC CASE TEMPERATURE 9 C_ VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET a VERSUS NEUTRON FLUENCE 
wn z= 
#9 AVALANCHE MODE as N CHANNEL 
e a 
c aa 
z om] 
x Ky 
e Te — 
= 
5 2 
(an) 
=z 
NEUTRONN 
100 300 | 1E19.ss«1E14.—s 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
n TYPICAL PHOTO CURRENT & DRAIN INDUCTANCE REQUIRED 
LU 
in VERSUS GAMMA RATE W TO LIMIT GAMMA DOT CURRENT 
=O | TO ILM 
= 2 
O 
= & Ne) 3 
a2 O Q 
3 cs 
3 < a 
Zz © Ko) 
on = A 
ra t- aww 
© -—t oe 
= Oy 
I GRMMADOT 
1E8 1E9 1E10 30 100 300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRS440 (D, R, H) 


mHARRIS  2N7290D, 2N7290R 


2N7290H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features 
e 5A, 500V, RDS(on) = 1.42Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRADXSi) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 12.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30ym at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Diain-SOUICG: VONAGG sé cs.0 0 ia-dre agreed Saw awa Wa Se NSA haw eds KG aIW ASS RAS OG So 


Drain-Gate Voltage (RGS = 20KQ).. 1... ccc ccc ce tec cece ence cnr eeeees VDGR 500 


Continuous Drain Current 


Gale-Source Volagessc6 i590 ccenkuGwes code ent deasndiaees nse awe oleae ah eeee 
Maximum Power Dissipation 
TO 428°C a5 oe a tees alte ees ih weod seme h one tie ee aoa sw ae ewe eulew sae en 


Inductive Current, Clamped, L = 100uH, (See Test Figure)... ..... 22. cee cece cence 
Continuous Source Current (Body Diode). .... 2... ccc cece cere cee ee ee cecacee 
Pulsed Source Current (Body Diode) .............. 2 cece ees rhea anes bios ae aie wie 


Operating And Storage Temperature... 1... ce ccc cc cee e rete cenees TJC, TSTG -55 to +150 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... ccc cece cece cece etvees 


Package 
TO-257AA 


Symbol 


2N7290D, R, H UNITS 
VDS 500 


TRANSISTORS 


a 
— 
~] 
on 
= 
>> Bee <>>> << 


° 
?) 


> &L 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |I.C. Handling Procedures. ; File Number 3257 
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MHarRis — 2N7291D, 2N7291R 
- SEMICONDUCTOR - 2N/7291H 


REGISTRATION PENDING 


Currently Available as FRK1 50(D, R, H) _. Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features | a | Package 
° 40A, 100V, RDS(on) = 0.0550 TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts | 
e Gamma - Meets Pre-Rad Specifications to 1O0KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
_ = Performance Permits Limited Use to 3000KRAD(Si) os 


e Gamma Dot ._— - Survives 3E9RAD(Si)Vsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM © 


e Photo Current - 7.0nA Per-RAD(Si)/sec Typically 
° Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm* 
e Single Event - Typically Survives 1E5ions/cm? Having an 
| LET < 35MeV/mg/cm? and a Range 2 304m at 80% BVDSS 


ee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- | . 
TION hardened power MOSFETs of both N and P channel enhancement types | 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron | 
hardness ranging from 1E13n/em? for 500V product to 1E14n/cm? for 100V prod- | 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. © 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of an 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MiL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
. 2N7291D, R, H UNITS 
Drain-Source Voltage.........2..ee0. rT eee ee ee ee ee ee VDS 100 V 
Drain-Gate Voltage (RGS = 20kQ)......... sei hha ate gag ad awit Gatte wend ake ins VDGR ~ 100 Vv 
Continuous Drain Current a 
DO E425, O ists Wa hencneuteed etn bared aaa eek eee ea ees ees ID 40 A 
TC =+100°C ........ ie Swi Wh 6 adele BRAS 6 we Sik iad SRG Rew Mal alata Ma ade Me wee ID 25 A 
Pulsed Drain Current... .. Srakipual irae eek Pe CE eee ee ee eet, ere re ee IDM 100 - A 
Gate-Source Voltage ........... eee e ee Witenes t Gates ces eet ied bee eonda se VAS +20 V 
Maximum Power Dissipation . 
UG S 425°C auisswres conaweeseoees CN 6G Me aE W eee Ka OOS OER EE OES eae PT 150 W 
TOS 2100S cavnnsatauamasget tance pie a adeune ldap Tanes Seer re pears PT 60 Ww 
Derated Above: t 25°C e160: fer oa ue reed bo aoe seed Ow es Staak aoe eewad 1.20 WC 
Inductive Current, Clamped; L= 100yH, (See Test Figure)... 0... cece eee eee eee ILM 100 © A 
Continuous Source Current (Body Diode)............ceeeeees PP OO er ee ere be — 40 A 
Pulsed Source Current (Body Diode) .............ceeeeeeceees ree Rn eee ee ISM. 400 - A 
Operating And Storage Temperature... .. 0... ccc cee ccc cece cece eee eveunes ‘he, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) : 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece cece ccccccceretece TL -300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3221 
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Specifications 2N7291D, 2N7291R, 2N7291H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified | : 


LIMITS 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts 
Gate-Threshold Volts 
Gate-Body Leakage Forward | i@ssF | vas=sov 
GatoBodyLeatago Reverso | iassn |ves-2v 


oS 
i=) 


> 


> 


Zero-Gate Voltage VDS = 100V, VGS = 0 


VDS = 80V, VGS = 0 


Drain Current 
VDS = 80V, VGS = 0, TC = +125°C 


Rated Avalanche Current 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Tum-On Delay Time VDD = 50V, ID = 40A 
Rise Time | pte Pulse Width = 3us 

ae 


3 
> 


170 
1120 
Turn-Off Delay Time td(off) Period = 300p1s, Rg = 25Q 420 


Fall Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State 


Gate-Charge Total 


0< VGS s 10 (See Test Circuit) 


VDD = 50V, ID = 40A 
IGS1 = IGS2 


Plateau Voltage 0<VGS < 20 


Gate-Charge Drain : 


Gate-Charge Source | acs 


Diode Forward Voltage 


P 
VSD ID = 40A, VGD=0 
Reverse Recovery Time | TT 1 = 40A; di/dt = 100A/ps 
Junction-To-Ambient Free Air Operation 


—_ 
> 


00 


: 


~” 
5 
- 
” 
y”) 
VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS Z 
RL o 
v1 = 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7291D, 2N7291R, 2N7291H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


Drain-Source (Note 4, 6) 
Breakdown Volts 


vusw 


Gate-Source (Note 4, 6) VGS(th) | 2N7291D,R 
Threshold Volts 


(Note 3, 5, 6) VGS(th) | 2N7291H VGS = VDS, ID = 1mA 


Gate-Body (Note 4, 6) IGSSF 2N7291D, R VGS = 20V, VDS = 0 p= | 00 fw 


nA - 
Leakage Forward 
(Note 5, 6) | VGS = 20V, VDS = 0 nA 


(Note 5, &) 


Gate-Body (Note 2, 4, 6) 
Leakage Reverse 
(Note 2, 5, 6) 


Zero-Gate Voltage (Note 4, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts | 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 
(Note 1, 5, 6) 


Drain Current 


NOTES: 
1. Pulse test, 300s max 
. Absolute value — 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 . 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/6/89 on TA 17651 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NOOO && WD ND 
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2N7291D, 2N7291R, 2N7291H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


DRAIN AMPERES 


ID 
30 


AMPERES 
1000 


DRAIN CURRENT 


300 


100 


100 


10 


MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 50 100 


TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


FRISOUIS 


100 1000 


TIME OF INDUCTIVE DISCHARGE us 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


1E10 1E11 
RAD €SI) / SEC 
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NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


DRAIN AMPERES 


ID 


1E-4 


le=5 


lE=6 


100 


10 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY ROSCon) 


10 100 
DRAIN-TO-SOURCE VOLTS 


VDS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


NEUTRONN 


1E13.—CO«IEI4.~—s«dT EIS 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


“0 © 


TRANSISTORS 


GAMMADOT 
300 
DRAIN SUPPLY VOLTS 


30 100 


saci? * _2N7292D, 2N7292R 
HARRIS fp hari 


REGISTRATION PENDING ee 
Currently Available as FRF150(D, R, H) _ Radiation Hardened 
December 1992 _ N-Channel Power MOSFETs 


Features | a | Package 
e 25A, 100V, RDS(on) = 0.072 | TO-254AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
' « Performance Permits Limited Use to 3000KRAD(Si) 


e Gamma Dot - Survives 3ESRAD(Siysec at 80% BVDSS Typically 


- Survives 2E12 Typically if Current Limited to IDM > el 
e Photo.Current - 7.0nA Per-RAD(Si)/sec Typically D 
e Neutron - = Pre-RAD Specifications for 3E13 Neutrons/cm? 


- Usable to 3E14 Neutrons/cm? 
¢ Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- red 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of Ss 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as‘either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC =+25°C) Unless Otherwise Specified 


. 2N7292D, R, H UNITS 
Drain-Source Voltage... .. Se ee ee eee eee eee re ee ee ee ee VDS 100 
Drain-Gate Voltage (RGS = 20KQ). .. 0... ce cece eee cece tetra rete ee scenes VDGR 100 
Continuous Drain Current 


Pulsed Drain Current......... 0. cee eee eee cece neces errr tre eee ee ere re IDM 75 
Gale-Source VONAdG 2 is.xe yient esd aa Vers anaes bas 8A HS ee eek one ees VGS +20 
Maximum Power Dissipation 

TC = +25°C 


Inductive Current, Clamped, L = 100nH, (See Test Figure)........ 2... cee eee eee ene ILM 75 
Continuous Source Current (Body Diode). ....... cece cece cece reece eee eeeseees IS 25 
Pulsed Source Current (Body Diode) ......... ccc ccc eee cece ete e eee ceeneees ISM 75 
Operating And Storage Temperature... 1.0... ccc ccc ee tee eect ee eeeeee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.........cccc cee cecrencescveees TL 300 


“U 
+ 
PS} 
oi 
= 
>rr s,tst <Y rr << 


° 
Q) 


° 
@) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3215 
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Specifications 2N7292D, 2N7292R, 2N7292H - Registration Pending 


LIMITS 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse 


Zero-Gate Voltage VDS = 100V, VGS =0 
Drain Current VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = 50V, ID = 25A 

Rise Time Pa Pulse Width = 3us 


PARAMETER 


0.025 
0.25 


Rated Avalanche Current 


0< VGS s 10 (See Test Circuit) 


Fall Time 


Gate-Charge Threshold QG(th) 
Gate-Charge On State QG(on) 


Gate-Charge Total VDD = 50V, ID=25A 
IGS1 =1GS2 


Plateau Voltage 0<VGS <20 


Diode Forward Voltage 


ID = 25A, VGD = 0 
| = 25A; di/dt = 100A/pis 


4 
1 
1 
1 
1 
6 
64 
4 
3 
5 
1 
Reverse Recovery Time 1400 


IA 
tr 
d(o 
VG 
Gate-Charge Source QG 
QG 
VS 
TT 
R@jc 


Gate-Charge Drain | asp 


Junction-To-Case 


0 
00 
00 
{ 
R 75 
84 
07 
34 
28 
ff) 2 
90 
17 
14 
52 
P 12 
Ss 46 
D 64 
D 
l 48 


Junction-To-Ambient 


Turn-Off Delay Time Period = 300ps, Rg = 25 ——- 


Free Air Operation 7) 

sa 

Oo 

re 

2 

VDD Y 

E1=0.5 BVDSS VC = 0.75 BVDSS | 

RL o 
v1 e 

Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7279D, 2N7292R, 2N7292H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source 
Breakdown Volts 


Gate-Source 
Threshold Volts 


Gate-Body 
Leakage Forward 


Gate-Body 


Leakage Reverse . 


Zero-Gate Voltage 
Drain Current 


Drain-Source 
On-State Volts 


Drain-Source 
On Resistance 


NOTES: 


LIMITS 


TEST CONDITIONS 


a tian Te 
VAC AN IN— AimaA ar vs 


2N7292H S 


(Note 4, 6) 


vast) | anv2ee0,a | vas=vos.0=ima | 20 | ao |v | 
Za ee 


(Nota 5, 6) 
(Note 4, 6) 
(Note 3, 5, 6): 
(Note 4, 6) 
(Note 5, 6) 


(Note 2, 4, 6) 2N7292D, R 


(Note 2, 5, 6) | css. | 2N7292H 
(Note 4, 6) | IDSs 2N7292D,R_ =} VGS=0, VDS = 80V 


(Note 5, 6) ‘| VGS =0, VDS = 80V 
(Note 1, 4, 6) 
(Note 1, 5, 6) 
(Note 1, 4, 6) 


(Note 1, 5, 6) 


1. Pulse test, 3001s max 


. Absolute value 


N © OF & GD NM 


PA 19401 


. Gamma = 300KRAD(Si) . 

. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 

. Gamma = 1000KRAD(Si). Neutron = 3E13 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 

. Gamma data taken 11/16/89 on TA 17651 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7292D, 2N7292R, 2N7292H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


On 8 
(od 
LU 
Qa 
= 
om 
= & 
Cc 
~m 
a 
or oO 
0 50 100 
TC CASE TEMPERATURE C 
TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 
ns 
eo AVALANCHE MODE 
HU 
= 
(om 
zE 
ao Ph 
ea 
OQ 
m4 © 
(40) 
FRISOUIS 
100 1000 
TIME OF INDUCTIVE DISCHARGE uS 
ut TYPICAL PHOTO CURRENT 
Wo VERSUS GAMMA RATE 
= 6 
ce 
i 
26 
io 
a 
=) 
OO 
< Oo 
ao 
a 
O 
FR150PHOTO 
1EQ.SCOIEIO.. TET 
GAMMA DOT RAD CSI) / SEC 


12-69 


DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=2e5 C 


OPERATION IN THIS AREA IS 
LIMITED BY RDSCon) 


10 100 
VDS_ DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


NEUTRONN 


fel 1E14 1E15 
FLUENCE - NEUTRONS/CMe 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


” 
a 
Oo 
pa 
” 
2] 
= 
< 
[ea 
- 


30 100 300 
DRAIN SUPPLY VOLTS 


HaRRIs 2N7293D, 2N7293R 
HARRIS Tee rogat 


REGISTRATION PENDING 


Currently Available as FRK250(D, R, H) _._ Radiation Hardened 
December 1992 N-Channel Power MOSFETs 
Features . 4 | | Package 
¢ 27A, 200V, RDS(on) = 0.1000 TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts | 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(S/) 


e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 12.0nA Per-RAD(Si)Vsec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


te Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types | D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rel 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 5 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 

This part may be supplied as a die or in various packages other than shown above. 

Reliability screening is available as either non TX (commercial), TX equivalent of 

MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 

19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 

desired deviations from the data sheet. 

Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified : 

7 _—* _ - 2N7293D, R, H UNITS 
Drain-Source Voltage... ...... cc cece eee ceceeeeane Dis oe kd axle aera eerie teats VDS 200 ov 
Drain-Gate Voltage (RGS = 0K) SSCP Wea eae healers Heh awa al ewe AGORA wears cae VDGR 200 Vo 
Continuous Drain Current . 

WO S25 Geet gaia ae Pau sear aauslan ween a ina aah MSS ie’ eee re re ID 27 A 

NG Sl 00-G i escent AS cae dieeee SERS eae e eats Peet aauaeaees hua dumas es ID 17 A 
Polsed Dial CUnOM si. sola Vues tk Cow baie P aoe See wk eet lk eee enw ie seen IDM 81 A. 
GAIC-SOUNCE VONAGS saeco n wide ecu ei Nus EN oe aaa Ae ee Desenaees naa siete ea VGS +20 V 
Maximum Power Dissipation | 

NG too Ochwad aeuahos cata hoatue aa eele ea eeisendaa tarde ncamen eee neat PT 150 Ww 

ECS F100: Cuesta hosac a Mace whshiece eae exe cause ye swear nee eee an PT 60 WwW 

Derated Above +25°C ...... Mads Cen gieteie code Manca Lee Ca BUN Ed Tepes A Cae OST ea as 1.20 WPC 
Inductive Current, Clamped, L = 100pH, (See Test Figure). ...........ccccecececeucs ILM 81 A 
Continuous Source Current (Body Diode) ........ cece eee cee c cece eee eenees Geel 27 A 
Pulsed Source Current (Body Diode) ........ cece cece eect cece e nec eeceenees ISM 81 A 
Operating And Storage Temperature... ...... ccc cece ccc ceeceeeees leaned TJC, TSTG —--55 to +150 °C 
Lead Temperature (During Soldering) . 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... ccc ee ccc ce ccc cecsceceves TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3226 
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Specifications 2N7293D, 2N7293R, 2N7293H - Registration Pending 


puis | 
UNITS 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


SYMBOL 


Drain-Source Breakdown Volts 
Gate-Threshold Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse <a 


PARAMETER TEST CONDITIONS 


Zero-Gate Voltage VDS = 200V, VGS =0 
Drain Current VDS = 160V, VGS = 0 


VDS = 160V, VGS = 0, TC = +125°C 


ae 
ce 
oe Be 
ai 
fa a 
Rated Avalanche Current eee ae 
Drain-Source On-State Volts | vosion) |vas=tov,i=27a = fs 
Drain-Source On Resistance <8 i a SE 
Turn-On Delay Time VDD = 100V, ID = 27A a e 
Rise Time a a Pulse Width = 3ps bates 
—- 
coe 
Lae 
ae 
ss 
as 
Zs 
en 
oe 
Le 
Le 
Ces 


0.100 


Turn-Off Delay Time ~ td(off) Period = 300ps, Rg = 250 
Fall Time Lo 4 0<VGS <s 10 (See Test Circuit) © 
Gate-Charge Threshold QG(th) 


Gate-Charge On State 


Gate-Charge Total VDD = 100V, ID = 27A 
IGS1 = IGS2 
Plateau Voltage 0s VGS < 20 


Gate-Charge Source 


Gate- “Charge Drain beers 


Diode Forward Voltage 


ID = 27A, VGD =0 
l= 27A; di/dt = 100A/ps 
Free Air Operation 


Reverse Recovery Ti ime 1700 


Junction-To-Case 


Junction-To-Ambient 


VOD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7293D, 2N7293R, 2N7293H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


BVDSS | 2N7293D,R | VGS=0,!ID=1mA 


| LIMITS 


PARAMETER SYMBOL > TEST CONDITIONS 


UNITS 
V 


(Note 4, 6) 


] 
« 


Drain-Source 
Breakdown Volts 


(Note 5, 6) 


BVDSS -VGS = 0, ID = 1mA 
VGSith) VGS = VDS, ID = 1 
VGS(th) VGS = VDS, ID = 1 
IGSSF VGS = 20V, VDS = 0 
IGSSF VGS = 20V, VDS = 0 
VGS=-20V, VOS=0 
VGS = -20V, VDS =0 
VGS = 0, VDS = 160V 
VGS = 0, VDS = 160V 
VDS(on) VGS = 10V, ID =27A 
VDS(on) VGS = 16V, ID = 27A 
RDS(on) VGS = 10V, ID = 17A 
RDS(on) VGS = 14V, ID =17A 


Oo 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 


(Note 3, 5, 6) 


(Note 4, 6) 


Gate-Body 
Leakage Forward 


> 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


nh 


f >] > 
N 
> 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


~ 
NI 
ro) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300ps max 
2. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D’, 100KRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/15/89 on TA 17652 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


N © o1 f GW 
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2N7293D, 2N7293R, 2N7293H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 
30 


AMPERES 
1000 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


300 


AVALANCHE MODE 


100 


100 1000 
TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


100 


10 


1E9 1E10 1EVt 
GAMMA DOT RAD CSI) / SEC 
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DRAIN AMPERES 


ID 


NORMALTZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY ROSCon) 


100 


10 


10 100 
VDS_  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


—~ oN CHANNEL 


NEUTRONN 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


lE=6 


”) 
a 
e 
” 
” 
= 
5 § 
o 
as 


1E-6 


GAMMADOT 
30 100 300 
DRAIN SUPPLY VOLTS 


tt 


REGISTRATION PENDING | 
Currently Available as FRF250(D, R, H) 


SEMICONDUCTOR 


raRRIS § 2N7294D, 2N/294R 


2N7294H 


Radiation Hardened 


pecseiess _ N-Channel Power MOSFETs 


Features | Package 


e 23A, 200V, RDS(on) = 0.115Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9SRAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 12.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
¢ Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BYDSS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to :60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


TO-254AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


DralieSouree VOlages suas wk eae ea ta wii cidesGawa doe tn saeiead eee hee aes VDS 
Drain-Gate Voltage (RGS = 20KQ). 0... ccc ccc ce cc ce cece cet e enc eeteeeees VDGR 


Continuous Drain Current 


TOS 925°C ok oe ied bok oda ucewet ies eee RS ei Lah ta eset ae aeariateecE ee 


Pulsed: Oral CUNT 6 sos ais ee eden eeu hele ta ew ead a weds ek Geis ee ea eee ewes IDM 
aie-SOUICe VONAGS 15.c4 keenest ev ie Wee e- Feeeuinaeed goats tine cea waka VGS 


Maximum Power Dissipation 
Dalits caer eaie opera tit axes dara ugh eeu ean aor nd ated eae een Ne ais cia anaes 


eoececvveeceeseeea sees weeee see ese eee ete eceo eee eee eee ewes ewe eee we ewe were ee 


Inductive Current, Clamped, L = 100u1H, (See Test Figure) eee Ce ORC Ce eC eer 


Continuous Source Current (Body Diode)... ........ ccc cee cc cece e ees ateeceees 
Pulsed Source Current (Body Diode) ............ cece cece cece cence tee eneees .. ISM 
Operating And Storage Temperature... .. 0... cc cect ccc cece ete e eee eeeeees TJC, TSTG © 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .. 2... cc ccc cee eee eee cees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2N7294D, R, H UNITS 
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File Number 3227 


Specifications 2N7294D, 2N7294R, 2N7294H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS . pom | MAK | UNITS 
[carsonteacemvae | aaas [wes-aeem | ae | | v _ 
Zero-Gate Voltage VDS = 200V, VGS = 0 Pa | 1 po 
Drain Current VDS = 160V, VGS = 0 0.025 mA 
VDS = 160V, VGS = 0, TC = +125°C 0.25 
eee oe 
ene ce 
0s VGS < 10 (See Test Circuit) ps | 80 
a 
VDD = 100V, ID = 23A 140 558 
IGS1 = IGS2 
a 
: 
rs 
= 2 
O 
D 
Me E1 = 0.5 BVDSS VC = 0.75 BVDSS Z 
v1 i F 
Rg - 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7294D, 2N7294R, 2N7294H - Registration Pending 


. LIMITS 
PARAMETER SYMBOL TEST CONDITIONS p oMIN, | MAX UNITS 
Drain-Source (Note 4, 6) BVDSS 2N7294D, R VGS = 0, ID=1mA | 20 | ef lv 
Breakdown Volts 

(wotes,6) | pvoss | anrzon | vos-o,0-1ma | 10 | - | v 
Gate-Source (Note 4, 6) VGS(th) | 2N7294D,R | VGS=VDS,ID=1mA ) 20 | 40 | ve | 
Threshold Volts 

(Note 3, 5, 6) VGS(th) | 2N7294H VGS = VDS, ID = 1mA zoe 4.5 V 
Gate-Body (Note 4, 6) | IGSsF 2N7294D, R VGS = 20V, VDS = 0 
Leakage Forward 

(Note 5, 6) IGSSF 2N7294H VGS = 20V, VDS = 0 
Gate-Body (Note 2, 4, 6) 2N7294D, R VGS = -20V, VDS = 0 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 


2N7294D, R VGS = 0, VDS = 160V 
(Note 5, 6) 2N7294H VGS = 0, VDS = 160V 
Drain-Source (Note 1, 4, 6) VDS(on) | 2N7294D, R VGS = 10V, ID = 23A 
On-State Volts 
(Note 1, 5, 6) VGS = 16V, ID = 23A 


Drain-Source (Note 1, 4, 6) 
On Resistance 


Leakage Reverse | taser | 
(Note 2, 5, 6) | iGssR 2N7294H VGS = -20V, VDS = 0 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 3001s max 
. Absolute value 
. Gamma = 300KRAD(SIi) 
. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/15/89 on TA 17652 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO Oo & ® 
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2N7294D, 2N7294R, 2N7294H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 
1000 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


(an) 

© AVALANCHE MODE 
oO 

8 N 

(an) 

[oo] 


FRE25QUIS 


100 1000 
TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


100 


10 


1E9 1E10 


1E1) 


GAMMA DOT RAD (SI) 7 SEC 
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DRAIN AMPERES 


ID 


NORMALTZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


100 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY RDSCon) 


10 100 
VDS  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 


TO LIMIT GAMMA DOT CURRENT 


TO ILM 


“”) 
S 
a 
” 
n 
= 
Pra 
o 
t= 


300 
DRAIN SUPPLY VOLTS 


30 100 


Ga) HARRIS _ 2N7295D, 2N7295R 
SEMICONDUCTOR Fo 2N7295H 


REGISTRATION PENDING 


Currently Available as FRK254(D, R, 1H) | . . Radiation Hardened 
December 1992 aes N-Channel Power MOSFETs 
Features - rere ne. Package 
* 20A, 250V, RDS(on) = 0.1700 3 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts . 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) _. 


* GammaDot _ - Survives 3E9RAD(SI)/sec at 80% BVDSS Typically 
: - Survives 2E12 Typically if Current Limited to IDM 


e Photo Current - 15.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


_ Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- | | 
TION hardened power MOSFETs of both N and P channel enhancement types | =p 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 7 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of . 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
. eet ze _ 2N7295D, R, H UNITS 
Drain-Source VONAQS: s.0 wpas tesa ase nen Os KdN ea TRON Ge SHE Rede DEIR aes VDS 250 V 
Drain-Gate Voltage (RGS = 20kKQ)...........ecceceee Diaeoted aes bes eee VDGR 250 V 
Continuous Drain Current ; i 
TGS 425°C iile oa one wae a wren eee ens Seren rt rT eee ere ree ID 20 A 
We 4100S ees Haein ee ean awa annwee eee ude watewawee wan hae nidacee Sas ID 12 A 
Pulsed Drain Current.............. eS Mas EUs Wie NGS VRRAAE GL See een IDM 60 A 
Gate-Source Voltage ......... Bye Gea Cee aa iaenas 8 atte ne Series ca oases VGS +20 V 
Maximum Power Dissipation 
TCS 425°C oisen aes caws (Ob aed aa aaa MA Geta ete ead euedeaaes PT 150 . Ww 
TOS ONO wricecertiets Ne aie whens eeu Sa ee Tea ee AAs PT 60 Ww. 
Derdied Above 429°C ih id oe Jai Gateawl don Peaaeeas Cae ee BANE hha aees 1.20 wc 
Inductive Current, Clamped, L = 1001H, (See Test Figure) ee re ere ea ore Ne ibewace aed ILM 60 A 
Continuous Source Current (Body Diode). ......... cece cece seen eee eees ee ree iS 20 A 
Pulsed Source Current (Body Diode) ............cc cece cee scceteceeseceneees .- ISM, 60 A 
Operating And Storage Temperature... ..... ccc cece cece eee ceetceeees TJC,TSTG  —_— -55. to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... cece cece cece nec eeneens TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3231 
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Specifications 2N7295D, 2N7295R, 2N7295H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


TEST CONDITIONS 


Drain-Source Breakdown Volts. 
Gate-Threshold Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse VGS = -20V ‘ 


Zero-Gate Voltage VDS = 250V, VGS = 0 


Drain Current. VDS = 200V, VGS = 0 : 
VDS = 200V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps po 


0s VGS < 20 
Gate-Charge Drain . . 

Diode Forward Voltage : Vv 
Reverse Recovery Time ~ oT l= 20A; di/dt = 100A/ps © 


Gate-Charge Source | acs 


ee 

ns Gt ee 0< VGS s 10 (See Test Circuit) . 

VDD = 125V, ID = 20A 127 
IGS1 = IGS2 

eee 

[Gaechape en 

[DiteForward vats v8 

[Reverse Recovery Tine * 2 

a 


Junction-To-Ambient 


” 
oc 
‘e) 
Ee 
” 
7) 
VDD E1 =0.5 BVDSS VC = 0.75 BVDSS Z 
RL cc 
v1 - 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7295D, 2N7295R, 2N7295H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BVDSS 2N7295D,R | VGS=0,ID=imA 


Breakdown Volts 
(Note 5, 6) BVDSS 2N7295H 


Gate-Source (Note 4, 6) VGS(th) 2N7295D, R VGS = VDS, ID= 1 
Threshold Volts 
(Note 3, 5, 6) VGS(th) | 2N7295H VGS = VDS, ID = 1 


Gate-Body — (Note 4, 6) 2N7295D, R 


Leakage Forward 
(Note 5, 6) IGSSF 2N7295H 


Gate-Body (Note 2, 4, 6) 2N7295D, R 


Leakage Reverse [_tessr_ | 
(Note 2, 5, 6) | iessr_ | 2N7295H 


Zero-Gate Voltage (Note 4, 6) 2N7295D, R 


Drain Current 

(Note 5, 6) | iss | 2N7295H 
Drain-Source (Note 1, 4, 6) VDS(on) | 2N7295D,R 
On-State Volts 

(Note 1, 5, 6) VDS(on) | 2N7295H 


Drain-Source (Note 1,4,6) | RDS(on) | 2N7295D, R 
On Resistance: 


(Note 1, 5,6) | RDS(on) | 2N7295H 
NOTES: 


1. Pulse test, 3001s max 

. Absolute value 

. Gamma = 300KRAD(Si) 

. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 

. Gamma = 1000KRAD(Si). Neutron = 1E13 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/1/89 on TA 17653 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 : 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO on & ® ND 
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2N7295D, 2N7295R, 2N7295H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


wn nS DPERATION IN THIS AREA IS 
ee = LIMITED BY RDSCon) 
tH bd 
aa a 
z Z2° 
(am [om 
a ca 
er a 
0 50 100 10 100 
TC CASE TEMPERATURE C VOS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET x VERSUS NEUTRON FLUENCE 
ns S > g 
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Zs Tae 
eo N 
2 = 
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100 1000 1E13.ss1E14.~—s 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
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ro ene eaVeIs ere ui | TO LIMIT GAMMA DOT CURRENT 
¢ 9 iat TO ILM ” 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRF254(D, R, H) 


cas =SARRIS 2N7. 296D, 2N7 296R 


2N/7296H 


Radiation Hardened 


December 1992 - N-Channel Power MOSFETs 


Features Package 


e 17A, 250V, RDS(on) = 0.185Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD({Si) 

- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 

. « Performance Permits Limited Use to 3000KRAD(Si) 

e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 15.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS _- 


TO-254AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to.60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DUOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source: VOURGG tia owe cog wedi we aa een os RESTA eee eee eae VDS 
Drain-Gate Voltage (RGS = 20KQ).. 0... cece cette cece cece rece eee eeteees VDGR 


Continuous Drain Current 


Gale*SOUrce VONAGS i ios ssiss aiwn sie Reve e ES LAS UOT ot ee See ede VGS 


Maximum Power Dissipation 
TC = +25°C 


Inductive Current, Clamped, L = 100pH, (See Test Figure)............. cece ee ce eee 


Continuous Source Current (Body Diod@)........... cece cece cere cece ee eeeeree as 
Pulsed Source Current (Body Diode) ......... cc cee ccc cee cece cece ete c eee eceece ISM 
Operating And Storage Temperature... .. 0... cece cect cece eee eee eees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... ce ccc cee eee e cece eees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3232 


Specifications 2N7296D, 2N7296R, 2N7296H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL 


Drain-Source Breakdown Volts | evoss | vas=0,10=tma 
Gato-Tveshold Vol 20 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse VGS = -20V 


Zero-Gate Voltage VDS = 250V, VGS = 0 
Drain Current VDS = 200V, VGS = 0 
VDS = 200V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps 
Drain-Source On-State Volts VDS(on) VGS = 10V, ID=17A 


ADS(on) | VGS=10V,ID=11A 


LIMITS 


PARAMETER TEST CONDITIONS UNITS 
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Drain-Source On Resistance 


Turn-On Delay Time 
Turn-Off Delay Time | tao) | Period = 300ps, Rg = 25 
Fall Time Pee 9 0 < VGS ¢ 10 (See Test Circuit) 


VDD = 125V, ID=17A 114 


Rise Time Pulse Width = 3ps 


_ 
jee] 


Gate-Charge Threshold QG(th) 


Gate-Charge On State QG(on) 
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TT | = 17A; di/dt = 100A/ps 
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FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7296D, 2N7296R, 2N7296H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


_ PARAMETER SYMBOL ma 


Drain-Source (Note 4, 6) VGS = 0, ID = 1mA 
Breakdown Volts 

(Note 5,6) VGS =0, ID= 1mA 
VGS = VDS, 1D = tm 
VGS = VOS, 1D = mA 
VGS = 20V, VDS = 0 
GS =20V, DS =0 
Tiassa | anr2ee0,n | vas=-20v, vos =< 
Tiassr | anvaven | vas -20v, vos=0 
"toss | anraseo, n | vaso, vos = 200v 
Toss | anvescn | vaso, vos = 200v 


VDS(on) | 2N7296H VGS = 16V, ID=17A 
RDS(on) | 2N7296D,R | VGS=10V,ID=11A 
RDS(on) | 2N7296H VGS = 14V, ID=11A 


TEST CONDITIONS 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 
Oo 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


(Note 2, 4, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 5, 6) 


(Note 4, 6) 


Zero-Gate Voltage 
Drain Current 


_ 
oS 
© 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 0.234 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) . 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 11/1/89 on TA 17653 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7296D, 2N7296R, 2N7296H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 
30 


AMPERES 
1000 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


300 


AVALANCHE MODE 


100 


100 1000 
TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


100 


10 


1E9 1E10 1E1 1 
GAMMA DOT RAD €SI) 7 SEC 
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DRAIN AMPERES 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


100 


10 


1E-4 


1E-5 


1E-6 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


OPERATION IN THIS AREA IS 
LIMITED BY ROSCon) 


10 100 
VDS_ DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


NEUTRONN 


1E13 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


GAMMADOT 
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4 Harris _2N7297D, 2N7297F 
SEMICONDUCTOR ; _ 2N7297H 


REGISTRATION PENDING 
Currently Available as FRM450(D, R, H) — Radiation Hardened 
December 1992 __ | ae. _N-Channel Power MOSFETs 


Features | : Package 
° 10A, 500V, RDS(on) = 0.6002 ~ TO-204AA 
° Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(S)) 
- Performance Permits Limited Use to 3000KRAD(Si) 


° Gamma Dot - Survives 3E9RAD(SIYsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 30nA Per-RAD(SiVsec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for S00V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 3 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
| : 2N7297D, R, H UNITS 
Drain-Source Voltage... .... 2... cece cece eee eens iS aewiiih Hee SVR Eade aw eee VDS 500 V 
Drain-Gate Voltage (RGS = 20kKQ). 0.0... ccc cect cee cece cece eee eeeeeeeeens VDGR 500 V 
Continuous Drain Current : : 
WO S425 : hie PaeGeris titecewaem eesed ee rie ears ee Re eee ID 10 A 
TCS 3100'C oa dik fa aeeanses eta einases rere eer ee eee PaieleRi ete cate iD 6 a ,\ 
Pulsed Drain Current... ........ ccc ceee eee eees Cea wate Nende 06 tet aewe® Waecem ewe IDM 30 A 
Gate-Source Voltage ...........ccceecececees Do add a ea we WOE oe ha Naber BeBe VGS +20 Vv 
Maximum Power Dissipation a 
TC = +25°C ......... Pa eitels Gal pi aarchee Swale ew ae Sad acd cavevae aed Sune ae ate wade orn neon PT 150 OW 
TGS 2100°C: ii ean ew xan, hae eevee niet aud ee ee re eee PT 60 Ww 
Deraled AbOV6 425°C ca sins bias eda oeaww baceaOed see wuaee ean (Nae wey see wes 1.20 w/c 
Inductive Current, Clamped, L = 100,1H, (See Test Figure). ........ ccc cece cece ecees ILM 30 A 
Continuous Source Current (Body Diode)... 1... ce ccc cee e cee cnet cece eeeeces IS — 10 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece cece eect sete eeeeces ISM 30, A 
Operating And Storage Temperature. ....... cece ccc c tc etc e ten nteeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... 2... ccc cece cece cece ee ecees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3236 
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Specifications 2N7297D, 2N7297R, 2N7297H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse | igssk |ves=20v 


Zero-Gate Voltage VDS = 500V, VGS = 0 
Drain Current VDS = 400V, VGS = 0 


LIMITS 


UNITS 


rs 
ros) 


3 
> 


=] 
> 


=) 
> 


VDS = 400V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps 
Drain-Source On-State Volts VDS(on) VGS = 10V, !D=10A 
Drain-Source On Resistance RDS(on) VGS = 10V, |ID=6A 


0.600 


Turn-On Delay Time td(on) VDD = 250V, ID = 10A 160 
Rise Time pte | Pulse Width = 3s 260 
Turn-Off Delay Time td(off) Period = 300s, Rg = 250 750 


Fall Time 0< VGS s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 
Gate-Charge Total OGM VDD =250V, ID = 10A 
IGS1 = 1IGS2 

Plateau Voltage 0<VGS < 20 
Gate-Charge Source | acs 
Gate-Charge Drain | 
Diode Forward Voltage 
Reverse Recovery Time | 1 = 10A; di/dt = 100A/ps 

Juncton-To-Gas0 me fo 
Junction-To-Ambient 


sy 


_ 
Les) 


TBD 


°C/W 


TRANSISTORS 


VDD Ei =0.5 BVDSS VC = 0.75 BVDSS 


RL 
v1 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7297D, 2N7297R, 2N7297H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


SYMBOL 


2N7297D, R 
2N7297H 

2N7297D,R | VGS=VDS,ID=1 
2N7297H VGS = VDS, ID = 1 
| iassF | 2N7297D,R_ {| VGS =20V, VDS = 0 
2N7297H 


LIMITS 


TEST CONDITIONS 


PARAMETER 


UNITS 
V 


Drain-Source (Note 4, 6) VGS = 0, ID = 1mA 


Breakdown Volts 


(Note 5, 6) VGS = 0, ID = 1mA 475 


0 


Gate-Source (Note 4, 6) 
Threshold Volts 


> 


(Note 3, 5, 6) 


— 
© 
© 
> 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


a] 


(Note 5, 6) VGS = 20V, VDS = 0 


Gate-Body (Note 2, 4, 6) | iGssR. | 2N7297D,R_ | VGS =-20V, VDS =0 100 
Leakage Reverse | 
(Note 2, 5, 6) | IGssR | 2N7297H VGS = -20V, VDS = 0 
Zero-Gate Voltage (Note 4, 6) | pss 2N7297D, R VGS = 0, VDS = 400V 
Drain Current 
(Note 5, 6) | pss | 2N7297H VGS = 0, VDS = 400V 100 


VGS = 10V, ID = 10A 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


VDS(on) | 2N7297D, R 
VDS(on) | 2N7297H 


2N7297D, R 


(Note 1, 5, 6) VGS = 16V, ID=10A 


Drain-Source (Note 1, 4, 6) VGS = 10V, ID =6A 0.600 


On Resistance 


(Note 1, 5, 6) 2N7297H VGS = 14V, ID =6A 0.860 


NOTES: 

1. Pulse test, 300s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E12 

5. Gamma = 1000KRAD(Si). Neutron = 3E12 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 12/18/89 on TA 17655 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat.:Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7297D, 2N7297R, 2N7297H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 
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SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRF450(D, R, H) 


2N7298H 


Radiation Hardened 


December 1992 N-Channel Power MOSFETs 


Features | Package 


¢ 9A, 500V, RDS(on) = 0.6150 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)/sec-at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 30.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
° Single Event _- Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mag/cm? and a Range > 30j1m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm, for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 

_ 19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 


Drain-Gate Voltage (RGS = 20KQ)....... cc. ccccecceeceeceeaceseeseees eine VDGR 


Continuous Drain Current 


Pulsed Drain Current 


Gale-SOurce VONAGG ads tien sori witalatee dws oe heats de na PA Ak Meee Psa SERS won VGS 


Maximum Power Dissipation 
TC = +25°C 


Continuous Source Current (Body Diode) 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ... ccc cece eee e cece een eees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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Inductive Current, Clamped, L = 100nH, (See Test Figure)........... ccc cee ee ee eee ILM 
Pulsed Source Current (Body Diode) .......... cece cece cece cece tenner eeeees ISM 
Operating And Storage Temperature. .... SUS WGNe drag PaMC aie naka wae kaa aa we TJC, TSTG 


TO-254AA 


Symbol 


2N7298D, R, H UNITS 
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File Number 3237 


Specifications 2N7298D, 2N7298R, 2N7298H - Registration Pending 


LIMITS 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


TEST CONDITIONS 


PARAMETER SYMBOL 


Drain-Source Bieakiown Volts 5 
Gato-Treshol Vols 2 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse 


VDS = 500V, VGS = 0 
VDS = 400V, VGS = 0 


Zero-Gate Voltage 


0.025 
0.25 


1 
Drain Current . 
VDS = 400V, VGS = 0, TC = +125°C 
2 
48 
1 
T 
4 


Rated Avalanche Current Time = 20ps 
Drain-Source On-State Volts VDS(on) VGS = 10V, ID=9A 


Drain-Source On Resistance RDS(on) VGS = 10V, ID=6A 
Turn-On Delay Time td(on) VDD = 250V, ID = 9A 


Rise Time Pulse Width = 3p1s 


Turn-Off Delay Time Period = 300us, Rg = 252 


Fall Time 0< VGS s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 
Gate-Charge On State QG(on) 


Gate-Charge Total Q 


VDD = 250V, ID = 9A 
IGS1 = 1IGS2 
0s VGS < 20 


Plateau Voltage V 


Gate-Charge Source 


Gate-Charge Drain 


00 
0 
4 
121 
14 
31 


Diode Forward Voltage V 


AR 
GM 
GP 
GD 
SD 
Reverse Recovery Time TT 


es bool 


0 
00 
00 
, 
27 
81 
48 
96 
00 
80 
16 
64 
6 
56 
26 
BD 
0 
48 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7298D, 2N7298R, 2N7298H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL — TEST CONDITIONS 


Drain-Source (Noto4,6) | VDSS | 2n72000,R | vGS=0,D=1ma | 500 | - | Vv | 
Breakdown Volts 

wwotes.6) | evoss | anrzoan | vasso-ima | a7 | - |v 

vasiny | 2n72060, A | VaS= vos, 1D= Ima 

vasin) | an7zeaH | vas =v0S,1D= ima 


Gate-Source 
Threshold Volts 


(Note 4, 6) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: 
~ 1. Pulse test, 300s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 1O0OKRAD(Si) for “R”. Neutron = 3E12 
. Gamma = 1000KRAD(Si). Neutron = 3E12 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 12/18/89 on TA 17655 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


- 8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


N On f& W PP 
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2N7298D, 2N7298R, 2N7298H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


wn 
WwW) 
[aa 
LU 
Qa 
= 
x 
=z 
an 
~ 
Oo 
= 
FRE4501DT 
6) 50 100 
TC CASE TEMPERATURE C 
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DRAIN AMPERES 


ID 


NORMALTZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


1E-5 1E-4 


lE=-6 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


FRF450SO0A 


10 100 


VODS  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


NEUTRONN 


1E13 1E14 TES 
FLUENCE - NEUTRONS/CM2e 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
(TO ILM 
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GAMMADOT 
30 100 300 
DRAIN. SUPPLY VOLTS 


tas HARRIS I a. 2N7299R 
SEMICONDUCTOR . 2N7299H 


REGISTRATION PENDING 
Currently Available as FRK160(D, R, H) Radiation Hardened 
December 1992 it N-Channel Power MOSFETs 


Features Package 
e 50A, 100V, RDS(on) = 0.040Q TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts : 


e¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot _ - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 

Photo Current - 10.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 

- Usable to 3E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from.1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of S 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500,; TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified | 
. 2N7299D, R, H UNITS 
Drain-Source Voltage... . 2... eee eee eee cece eee ee eT ee rere ree VDS 100 V 
Drain-Gate Voltage (RGS = 20Kn) ES aia RiCSe eG Aled bine bG UG Eee SSeS ee ele oS VDGR 100 V 
Continuous Drain Current a 
TC =+25°C ....... esas tiaaitaae Weare ten Galas tals ieee aes nega eos ID 50 A 
WO F100°C (4.66. ak caupnisK esate eamiees ead W nein 5 Wa wald wea wale ID 42 A 
Pulsed Drain Current.......... ccc cececcccscscecece Pee eee re eee ee IDM 100 A 
Gate-Source Voltage ........... ie aisliiacuiad Manny aide aes baie ee ON Kad oeneteee VGS +20 V 
Maximum Power Dissipation. 
TO S49 25°C: o8 6c d aes Serie igsbodiiu i asbcecara cater at phat aus ale a-ak bands Biba aceee oa weet PT 300 WwW 
TC = HIOOS . ees ie nce retecsnesctcceeacens diese das Geeta ame ene eae ees PT 120 W 
Derated Above 425°C ae i heweaniwan trai eeed boc eeae bd dea leek a cekere eacees 2.40 wre 
Inductive Current, Clampad, L = 100pH, (See Test Figure). Wiener a Niisvastd Sve Ww daca toe Shs ateents ILM 100 A 
Continuous Source Current (Body Diode). ........ cece cece cc eeccscees pasa a a 50 A 
Pulsed Source Current (Body Diode) ........... ccc cee c csc c cece csccsscceccens >, 1SM 100 A 
Operating And Storage Temperature... ..... ccc ccc cece eee c rece eceeenees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max....... ccc cee ccs ce reece ceeeees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. FileNumber 3222 
Copyright © Harris Corporation 1992 
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Specifications 2N7299D, 2N7299R, 2N7299H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | 


Drain-Source Breakdown Volts 
Gato Threshold Vols 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse | igssh fves=20—V000 


VDS = 100V, VGS = 0 
VDS = 80V, VGS = 0 
VDS = 80V, VGS = 0, TC = +125°C 


Drain-Source On Resistance 
Turn-On Delay Time VDD = 50V, ID = 50A 
Rise Time ptr Pulse Width = 3s 


Turn-Off Delay Time td(off) Period = 300ps, Rg = 10 
Fall Time 


Gate-Charge Threshold QG(th) 


Zero-Gate Voltage 
Drain Current 


Rated Avalanche Current IAR 


Drain-Source On-State Volts 


0s VGS s 10 (See Test Circuit) 


Gate-Charge On State 


Gate-Charge Total VDD = 50V, ID = 50A 


IGS1 = IGS2 


Plateau Voltage GP 0<VGS $20 La! V 
Gate-Charge Source 
°C/W 
Junction-To-Ambient Free Air Operation ps [80 
“on E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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TRANSISTORS 


Specifications 2N7299D, 2N7299R, 2N7299H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BVDSS 2N7299D, R 
Breakdown Volts 
(Note 5, 6) BVDSS 2N7299H 
Gate-Source (Note 4, 6) VGS(th) | 2N7299D, R 
Threshold Volts 
| (Note 3, 5, 6) VGS(th) | 2N7299H 
| Gate-Body (Note 4, 6) | iassr | 2N7299D, R 
Leakage Forward | 
(Note 5, 6) IGSSF 2N7299H 


Gate-Body (Note 2, 4, 6) 2N7299D, R 
Leakage Reverse 


TEST CONDITIONS 
VGS = 0, ID = 1mA 
VGS = 0, ID = 1mA 


VGS = VDS, ID = 1mA 


VGS = VDS, ID = 1mA 


VGS = 20V, VDS = 0 
VGS = 20V, VDS = 0 
VGS =-20V, VDS=0 © 
2N7299H 


(Note 2, 5, 6) VGS = -20V, VDS =0 


Zero-Gate Voltage (Note 4, 6) VGS = 0, VDS = 80V 


Drain Current 


2N7299D, R 


2N7299H 


(Note 5, 6) VGS = 0, VDS = 80V 


Drain-Source (Note 1, 4, 6) VDS(on) | 2N7299D, R VGS = 10V, ID = 50A 


On-State Volts 

| (Note 1,5,6) | VDS(on) | 2N7299H - 
Drain-Source (Note 1, 4, 6) RDS(on) | 2N7299D,R 
On Resistance 


(Note 1, 5, 6) RDS(on) | 2N7299H 
NOTES: 


1. Pulse test, 300ps max 

. Absolute value 

. Gamma = 300KRAD(Si) 

. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R®. Neutron = 3E13 

. Gamma = 1000KRAD(Si). Neutron = 3E13 

. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 6/11/89 on TA 17661 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 | 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 . 


VGS = 16V, ID=50A _ 


VGS = 10V, ID = 42A 


VGS = 14V, ID = 42A 


N OO ff @® NM 
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2N7299D, 2N7299R, 2N7299H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT SAFE OPERATING AREA CURVE 


S VS CASE TEMPERATURE CASE TEMPERATURE=25 C 
re a) wn OPERATION IN THIS AREA 
or o LIMITED BY RDSCon) 
eB o 
ran roi 
ZO z 
_ e 
oO o 
© 
OA © O 
= 
0 50 100 10 100 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET we VERSUS NEUTRON FLUENCE 
oO 
N@ = 
We AVALANCHE MODE oS N CHANNEL 
a. 2 
& aa 
22 - 
< = i i 
2 7 
fom 
a 
— = O 
= 
NEUTRONN | | 
100 1000 1E13 1E14 1E15 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CMe 
oO TYPICAL PHOTO CURRENT ce DRAIN INDUCTANCE REQUIRED 
aa a 
Rie VERSUS GAMMA RATE Ee TO LIMIT GAMMA DOT CURRENT 
¢ 9 ii TO ILM ~” 
Cc = Cc 
s e 
- € n 
zOQ Ke 1 Vy) 
i O O w = 
ime — < 
: : : 
OO aa -_ 
(a) 
ZO OO; 
ee Zu 
a ke 
QO —_ 
= 
pa 


1E9 lEIO"° EWM 30 100 300 
GAMMA DOT RAD €SI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR 


PRELIMINARY REGISTRATION PENDING 
Currently Available as FRE160(D, R, H) 


at HARRIS 2N7300D, 2N7300R 


2N7300H 


Radiation Hardened 


January 1993 N-Channel Power MOSFETs 


Features | Package 


e¢ 41A, 100V, RDS(on) = 0.0500 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot:  - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 10nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an: 
LET <35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


TO-258 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-oOuUlce: VONAOG iis rhe a5s-5 a weaiw ba oo Ses 4 Seale a Mea na TR eA aw ee a VDS 
Drain-Gate Voltage (AGS = 20KQ):.. 5 ac. ee ieee nein es ewes Ke Ree eee ces VDGR 


Continuous Drain Current 


MT a eat ce aia oh at @ grasa ice cds PPA aOR aA ea tS a Er MAST Cesta aaa Ta aries 


Pulsed Draifk Gurrenten3 5452 e's chee eRe AG Mead Sebada edd eeeaetewe IDM 
Gale-Source Voltage is 23 died wen een caw Swawie yee ta POLS Sous aS eee PES Oa ews VGS 


Maximum Power Dissipation 
We SG soo hace le tut BSS weed Gusarce sate Wea ica tocd- bdr at Sra At oan BR a aaa IE ale elle 


Inductive Current, Clamped, L = 100yH, (See Test Figure)... ..... ccc eee eee eee eee 


Continuous Source Current (Body Diode) ....... 0. ccc cc cece cece tenet e ees 
Pulsed Source Current (Body Diode) ... 5.2... .. cece cc cee ee ence ener nee ISM 
Operating And Storage Temperature. ... 2... cece cece cee ewe een eens TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc cece cence eee ee eeee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2N7300D, R, H UNITS 
100 


<< 


100 
-55 to +150 . °C 


300 °C 


File Number 3258 


tt 


REGISTRATION PENDING 
Currently Available as FRK260(D, R, H) 
December 1992. 


SEMICONDUCTOR 


Features 
e 46A, 200V, RDS(on) = 0.0702 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRADXSi) 

¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 

e Photo Current - 18.0nA Per-RAD{Si)/sec Typically 


e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 


LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25m 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness.(GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


HaRRIS  2N7301D, 2N7301R 
2N7301H 


| Radiation Hardened 
N-Channel Power MOSFETs 


Drain-Source Voltage....... ce. ccecccecccecccecucceuuceeucceuctencceancenuns 


Drain-Gate Voltage (RGS = 20KQ). 0... ccc ccc ccc ce ccc ce eee te ees eeereeeees 
Continuous Drain Current 


Oe 2S Cc she ea alene weed aecwin ek be eke oa ere ah ee aw eed danse eae eaas 


Gale-SOurce VONAGE vaca hie Woy is ela Ginad eRe wees eaten eee wend ea 


Maximum Power Dissipation 


TRANSISTORS 


YG SC ead ogra Baa erage ashe vcaieh alte eat Pra dw Reda eat Ded aoe ON wR 


Inductive Current, Clamped, L = 100p1H, (See Test Figure)........... cece eee ce cece 
Continuous Source Current (Body Diode)... 6.2.1... ce eee cece reece cece ne eececes 
Pulsed Source Current (Body Diode) ............. cece cece ce eee een te ee ececeres 


Lead Temperature (During Soldering) 


cpp SSS <>>r>r << 


°o 


QO) 


°o 


Q) 


Distance > 0.063 in. (1.6mm) From Case, 10S Max...... 0... ccc ce eee eee cece e eee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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Specifications 2N7301 D, 2N7301R, 2N7301H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS VGS = 0, ID= 1mA 
Gate-Threshold Volts ~ VGS(th) VDS = VGS, ID = 1mA 


Gate-Body Leakage Forward | iGssF VGS = +20V . 
VDS = 200V, VGS =0 


VDS = 160V, VGS = 0 
VDS = 160V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR | Time=20us 
Drain-Source On-State Volts 
Drain-Source On Resistance VGS = 10V, ID = 29A 
Turn-On Delay Time VDD = 100V, ID = 46A 
Rise Time te 
Turn-Off Delay Time 
Fall Time aie sl 
Gate-Charge Threshold 
Gate-Charge On State 
Gate-Charge Total . ) OGM 
oe 


LIMITS 


UNITS 


4 


o 


=] 
> 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


3 
> 


0.070 


Pulse Width = 3ps_ 


Period = 300ps, Rg = 10Q 


0s VGS < 10 (See Test Circuit) 


foe) 


= 
ay 
& 


VDD = 100V, ID = 46A 
IGS1 = IGS2 
0<VGS s 20 


—_, 


‘s ye) e 
> a > 


Plateau Voltage 


Gate-Charge Source 


> 
@ 
Si 
NO 


ID =46A, VGD = 0 


| = 46A; di/dt = 100A/pus 


Free Air Operation 


3 
=) 


Junction-To-Case 4 


Diode Forward Voltage ) sD | 


VGP 
Gate-Charge Drain 

VSD 
Reverse Recovery Time TT 

R@jc 


°C/W 
Junction-To-Ambient 


2 
nD 


VDD E1 =0.5 BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7301D, 2N7301R, 2N7301H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 
LIMITS 


PARAMETER SYMBOL —_ TEST CONDITIONS ) MIN, | MAX UNITS 


Drain-Source _(Noto4,6) | Bvoss | anva0i0,A | vas=0,D-1ma | 200 | - |v 
Breakdown Volts 


(Note 5, 6) V 


Gate-Source (Note 4, 6) 
Threshold Volts 


BN 
on 


: a 
>) 


(Note 3, 5, 6) 


ont, 
O° 
r=) 
> 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 3.38 


On-State Volts 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


Drain-Source 0.070 


On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 0.105 


=} 
J 


NOTES: 
1. Pulse test, 300p:s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1£13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 11/2/90 on TA 17662 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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_. 2N7301D, 2N7301R, 2N7301H - Registration Pending © 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE - 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE | 


DRAIN AMPERES 
DRAIN AMPERES 


ID 
ID 


0 50 100 | | 10 100 
TC CASE TEMPERATURE C | VPS DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


e S | 
ras AVALANCHE MODE ~ N CHANNEL 
(an) 
(0 Wieeeaed 
e 7 
z (am) 
© N 
Q x 
a m4 = 
(on) 
— 
100 1000 | | 1E1I9.s«d1E14.~—s 1 E15 
TIME OF INDUCTIVE DISCHARGE uS FLUENCE - NEUTRONS/CM2 
© TYPICAL PHOTO CURRENT ic DRAIN INOUCTANCE REQUIRED 
oO VERSUS GANS BATE di _ | TO LIMIT GAMMA DOT CURRENT 
a0 aly TO ILM 
ce = 
Ww 
O 
a ra 
a @ - s 
ae Q w 
ad O 
me) z 
() — 
O 
ZO oO '; 
 ~ aw 
iad a 
QO pa 
= 
| 


1E9 1E10.— TEN 30 100 300 
GAMMA DOT RAD SI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR 


PRELIMINARY REGISTRATION PENDING 
Currently Available as FRE260(D, R, H) 


| HARRIS 2N7302D, 2N7302R 


2N7302H 


Radiation Hardened 


January 1993 N-Channel Power MOSFETs 


Features Package 


e¢ 31A, 200V, RDS(on) = 0.080Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) - 
e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
¢ Photo Current - 18.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5lons/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for. 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to einen survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage 


Drain-Gate Voltage (RGS = 20kQ).......... Nite wth aegis tl tke dae we ee wae eee VDGR 


Continuous Drain Current 


Gate-Source Voltage...... aseh id hela pls es Seahid 9 Je wa heca ag Re Ace ta eae os estac has, Wale wile ante saa VGS 


Maximum Power Dissipation 
TC = +25°C 


oeoer see eese ewe ene ewww eee eee ese wm eo ese eee eee enwe wees eeeeee ewe eee enenee 


Inductive Current, Clamped, L = 100p1H, (See Test Figure)... .... cece cece ee ee eee 
Continuous Source Current (Body Diode) 
Pulsed Source Current (Body Diode) 


Operating And Storage Temperature... 0... cece ccc cece ee cee teen eeees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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TO-258 


Symbol 
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File Number 3259 


<A 


M HARRIS 2N7303D, 2N7303R 
onera. - N7303H 


REGISTRATION PENDING ete teas 
Currently Available as FRK264(D, R, H) | Radiation Hardene 
December 1992 | N-Channel Power MOSFETs 


Features ss Package 
e 34A, 250V, RDS(on) = 0.1200 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
‘+ Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 22.0nA Per-RADX(Si)sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
° Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


i Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- | — 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- | G 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. | 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7303D, R, H UNITS 
Dyain-SOUCe VONEG6s:..5 ss Code and ewe le adsGeweie een caw he eeeAne ehere wens ion VDS 250 V 
Drain-Gate Voltage (RGS = 20KQ). 2.0... ccc cc wet e cece cece eee eteeeesoens VDGR 250 V 
Continuous Drain Current : 
NO BA28 Cin ue at Bisa ein get canes Gua da leaetien Gap seuae seulon cee ID 34 A 
TOS 400: C ecco ities rantua ace eneGe aah wee tte twat ak Res iabaadudan wen ID 21 A 
Pulsed: Drain Curent o6i566-4 6 ae ais 60 5:5 hens we SONGS oho RAV bee CARS IDM 100 A 
Gate-Sounce: VONAGS ii. 685.566 Sa sade k ees cc ekk cee Pe Meow e wed ee Ree ees VGS +20 V 
Maximum Power Dissipation at 
TO 426 Cenc cia iitelees een tereweed ee eee ae ere re ere eer PT 300 Ww 
TO 100 Cog bide Se esis actus tincid aed ahe es bad wa ROMO GR ORK UNM Grew de aw ee PT 120 W 
Delated Above 425°C. eke ecs ase coho ew ie Os ea Sue anew a WEA ae a eS SSS 2.40 WC 
Inductive Current, Clamped, L = 100uH, (See Test Figure).............006. Haine tas aes ILM 100 A 
Continuous Source Current (Body Diode)... 22... . ccc ccc cece eee cree cee esensees IS 34 A 
Pulsed Source Current (Body Diode) .......... cece cece cece cece ences eceeneecees ISM 100 A 
Operating And Storage Temperature. ......... cece cece cee cece cece eeceees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... ec cece cee cesececces ieas TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3233 
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Specifications 2N7303D, 2N7303R, 2N7303H - Registration Pending 


LIMITS 
UNITS 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Disin-Sourea Breakdown Volts | avoss | vas=0,10=1ma 250 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse VGS = -20V 


PARAMETER 


Zero-Gate Voltage VDS = 250V, VGS = 0 
Drain Current VDS = 200V, VGS = 0 


0.025 


VDS = 200V, VGS = 0, TC = +125°C 0.25 


Rated Avalanche Current Time = 20ps 
VDS(on) VGS = 10V, ID=34A 
Drain-Source On Resistance RDS(on) VGS = 10V, ID=21A 


Drain-Source On-State Volts 


0.120 


Turn-On Delay Time td(on) VDD = 125V, ID = 34A 
Rise Time Pulse Width = 3ps 
Turn-Off Delay Time td(off) Period = 300ps, Rg = 10Q 


Fall Time a oe 0<VGS s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 

Gate-Charge Total | eM | VDD = 125V, ID = 34A 
IGS1 = 1GS2 

Plateau Voltage } ver 0<VGS < 20 

Gate-Charge Source | aes 


GP 
Gate-Charge Drain QGD 
D 

0} 


4 
80 
7 
3 
7: 


omy 


a) 
N 


V 
Diode Forward Voltage ID = 34A, VGD =0 
Reverse Recovery Time | = 34A; di/dt = 100A/ps 
Junction-To-Ambient Free Air Operation 


4.0 
100 
1 
100 

28 
150 

0 
00 
28 
72 
54 
16 
178 
BD 
42 


T 
0 


V 


” 
oc 
Oo 
— 
” 
vpD ” 
E1 = 0.5 BVDSS VC = 0.75 BVDSS Z 
RL oc 
v1 a 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7303D, 2N7303R, 2N7303H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL ae | TEST CONDITIONS | omin | MAX | UNITS |. 
Paves [avono.n [ves-an-ma | a | — |v 
2N7303H VGS =0,|ID=1mA | V 
2N7303D, R 
2N7303H 
2N7303D, R 
2N7303H 
2N7303D, R 
2N7303H 


PARAMETER 


Drain-Source (Note 4, 6) 


Breakdown Volts 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS = VDS, ID = 1mA 


(Note 3, 5, 6) VGS =VDS, ID =1mA 


— 
© 
© 
>] 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = 20V, VDS = 0 


(Note 5, 6) VGS = 20V, VDS = 0 200 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) VGS = -20V, VDS =0 


(Note 2, 5, 6) VGS = -20V, VDS = 0 200 


Zero-Gate Voltage (Note 4, 6) | IDSs 2N7303D, R VGS = 0, VDS = 200V oe 
Drain Current 

(Note 5, 6) | mss 2N7303H VGS = 0, VDS = 200V | 100 
Drain-Source (Note 1, 4, 6) 2N7303D, R VGS = 10V, ID = 34A 4.28 
On-State Volts 

(Note 1, 5, 6) 2N7303H VGS = 16V, ID = 34A 6.43 


Drain-Source (Note 1, 4, 6) 
On Resistance 


RDS(on) {| 2N7303D, R 
RDS(on) | 2N7303H 


VGS = 10V, ID=21A 


(Note 1, 5, 6) VGS = 14V, ID =21A 0.180 


NOTES: 

1. Pulse test, 3001s max 

2. Absolute value 

3. Gamma = 300KRAD(Si) 

4. Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 1E13 

5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 6/15/90 on TA 17663 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8.. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7303D, 2N7303R, 2N7303H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


DRAIN AMPERES 


ID 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


ne 
a © AVALANCHE MODE 
tH 
= 
fom 
z& 
ao 
a 
(an) 
mH © on 

(48) 

FRK2B4UIS 
100 1000 
TIME OF INDUCTIVE DISCHARGE  uS 

m TYPICAL PHOTO CURRENT 
th VERSUS GAMMA RATE 
=e 
« eas 
— 
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es 
~ 
i) 
() 
< a) 
ao 
m~ 
OQ 


1E9 
GAMMA DOT 


[ECO 1E11 
RAD (SI) / SEC 
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NORMAL TZED ROSCON) 


LIMITING INOUCTANCE - HENRY 


DRAIN AMPERES 


ID 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


| 10 100 


VDS = DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


NEUTRONN 


Bone eG 1EI4 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INODUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


TRANSISTORS 


GAMMADOT 
300 
DRAIN SUPPLY VOLTS 


30 100 


f MHARRIS — 2N7304D, 2N7304R 
SEMICONDUCTOR | 2N7304H 


PRELIMINARY REGISTRATION PENDING an 
Currently Available as FRE264(D, R, H) _. Radiation Hardened 
January1993. | N-Channel Power MOSFETs 


Features Package 
¢ 234A, 250V, RDS(on) = 0.130Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(SIi) 

¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e¢ Photo Current - 22.0nA Per-RAD(Si)/sec Typically _§ 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? a D 

- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30pm at 80% BVDSS 


TO-258 


bee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- | 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- | G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 3 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7304D, R, H UNITS 
Drain-Source Vollage sencctasiecs howd ensues wets Owe Batis oe ee tee wude ee & VDS 250 

Drain-Gate Voltage (RGS = 20kKQ)....... cece cece cece cece te entrees cecs VDGR 250 

Continuous Drain Current 


Gale-SOurce VONAg6. atic oid de Cae hauca header ie See eee Dee em eat wee was Sate VGS +20 
Maximum Power Dissipation 
TC = +25°C 


Inductive Current, Clamped, L = 100uH, (See Test Figs) Seer e er ree ore ee ree ILM 69 
Continuous Source Current (Body Diode) ........... cece ce cece cece cece ee eeeretees IS 23 
Pulsed Source Current (Body Diode) ........ Lenets vein Gee teeTuEN tee eta eek ISM 69 
Operating And Storage Temperature......... 0... ccc c cece cece cece eeeeeees TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max........cccecec cece ceeeceteeces TL 300 
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~AUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 3260 
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MHaRRis § 2N7305D,2N7305R ~ 
oe ON7305H 


REGISTRATION PENDING 


Currently Available as FRK460(D, R, H) Radiation Hardened 
December 1992 | N-Channel Power MOSFETs 
Features | | Package 
¢ 17A, 500V, RDS(on) = 0.4000 TO-204AE 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRADXSI) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 45.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm* 
- Usable to 3E13 Neutrons/cm? 


e Single Event = - Typically Survives 1E5lons/cm? Having an 
LET < 35MeV/mg/cm? and a Range = 30m at 80% BVDSS 


a Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types | D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for SO00V product to 1E14n/cm? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of s 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7305D, R, H UNITS 
Drain-Source Vollages ss 4-<scsnice une ahacn ied oud. Os RNa gesGaWes seesaw VDS 500 V © 
Drain-Gate Voltage (RGS = 20kKQ)... 1... ccc ccc cece eee cece eee eeneeers VDGR 500 V oO 
Continuous Drain Current rr 
TG S20 Birds isis bare rae pene anee wa Gad ranean ei ous a ena ID 17 A 7 
TG 100 C aig. cht ce xs oe eis S. WR AONE eNOS ERE NOS ROOTS SER EES EOE Rae ID 11 A = 
PUISE Dial CUMCIL 6 signe ec bere y ctdiones AY Sake eNUSE See SUE mee eee es eaa's IDM 51 A Pe 
Giale-SOurce: Voltage ies eto Ss ie need oas oY Ans OR Oi Soe Pee wehe eee weaves VGS +20 V - 
Maximum Power Dissipation 
TG S325 Co ditied aoa be olds cate tiles ewn Cakueee Ore ora wba ehaateaweak PT 300 W 
TG S4100S 22 ae cusniandn edd etasauenwatn ee easwie ee aad ante wdaciiaewNaedbe PT 120 W 
Derated: ADOVO 425°C ai owlsis ko saws nd ewww os Cece soos see OCee whe weed oes 2.40 WC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)........ 0... cece cece ees iLM 51 A 
Continuous Source Current (Body Diode). 1.2.2... cece ccc cc cee cece e cents ceeees IS 17 A 
Pulsed Source Current (Body Diode) ........... cee ee cece cece eee c ect eeettecees ISM 51 A 
Operating And Storage Temperature. .... 2... ec cee cence eee eenees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... cece cece cere cece ceees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3238 
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Specifications 2N7305D, 2N7305R, 2N7305H - Registration — 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified — 


SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts 
Gate-Body Leakage Forward a 
esse 


LIMITS 


PARAMETER 


Gate-Body Leakage Reverse 


VDS = = 500V, VGS = 0 
VDS = 400V, VGS = 0 


Zero-Gate Voltage 
Drain Current . 
VDS = 400V, VGS = 0, TC = +125°C. 


Rated Avalanche Current s.r 
Drain-Source On-State Volts 
Drain-Source On Resistance | DS(on) | 
Turn-On Delay Time | talon) | VDD = 250V, ID =17A 
ae 
so | 


0.400 


Rise Time Pulse Width = 3us 


Turn-Off Delay Time 


td(off) Period = 300us, Rg = 10Q 


Fall Time 


Gate-Charge Threshold } acm | 
Gate-Charge On State 


Gate-Charge Total 


0< VGS < 10 (See Test Circuit) 


VDD = 250V, ID = 17A | 
IGS1=IGS2 — 


Plateau Voltage 0<VGS <20 


Gate-Charge Source 


Gate-Charge Drain =a 


Diode Forward Voltage 


Junction-To-Case a ee 


vbD | 2 4 _ E105 BVDSS VC = 0.75 BVDSS 
RLS | . | ; 
v1 | 
Rg ; 


FIGURE 1. SWITCHING TIME TESTING _ FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 


Reverse Recovery Time 
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Specifications 2N7305D, 2N7305R, 2N7305H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Drain-Source (Note 4, 6) BVDSS 2N7305D, R 
Breakdown Volts 
BVDSS 2N7305H VGS = 0, ID= imA 475 
VGS(th) | 2N7305D,R | VGS=VDS,ID=1 
VGS(th) | 2N7305H VGS = VDS, |ID=1mA 
IGSSF 2N7305D,R | VGS=20V, VDS =0 
IGSSF 2N7305H 


LIMITS 


TY TEST CONDITIONS UNITS 


VGS = 0, ID= 1mA 


(Note 5, 6) 


> 


Gate-Source (Note 4, 6) 
Threshold Volts 


$1) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) VGS = 20V, VDS = 0 


2 
> 


Gate-Body (Note 2, 4, 6) | IGSsR 2N7305D,R | VGS=-20V, VDS =0 
Leakage Reverse 

(Note 2, 5, 6) | i@ssR 2N7305H VGS = -20V, VDS = 0 
Zero-Gate Voltage (Note 4, 6) | IDSs 2N7305D, R 
Drain Current 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


m 


2N7305D,R | VGS=10V,ID=17A 
2N7305H VGS = 16V, ID = 17A 
2N7305D,R | VGS=10V,ID=11A 
2N7305H VGS = 14V, ID=11A 


(Note 1, 5, 6) 10.71 


Drain-Source 0.400 


On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 0.600 Q 


“J 
_ 
> 


NOTES: . 
1. Pulse test, 3001s max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D", 100KRAD(Si) for “R”. Neutron = 3E12 
. Gamma = 1000KRAD(Si). Neutron = 3E12 
. Insitu Gamma bias must be sampled for both VGS = +10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 11/14/90 on TA 17665 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 | 
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Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


30 


AMPERES 
1000 


DRAIN CURRENT 


300 


100 


2N7305D, 2N7305R, 2N7305H - Registration Pending 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


0 
TC CASE TEMPERATURE C 


50 100 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


10 | 
TIME OF INDUCTIVE DISCHARGE uS 


100 


10 


100 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 
GAMMA DOT 


FRK4B0PHOTO 


1E10 IE 1 
RAD CSI) 7 SEC 
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NORMALIZED RDSCON) ~ 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=e5 C 


100 


DRAIN AMPERES 
10 


| 10 100 
VDS  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


N CHANNEL 


IEIS” ss 1EI4 1EI5 
FLUENCE - NEUTRONS/CM2e 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


30 100 300 
DRAIN SUPPLY VOLTS 


2N730 


SEMICONDUCTOR 
PRELIMINARY REGISTRATION PENDING 
Currently Available as FRE460(D, R, H) 


6D, 2N736 
2N7306H 


Radiation Hardened 


January 1993 N-Channel Power MOSFETs 


Features 
e 12A, 500V, RDS(on) = 0.4102 
e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
¢ Photo Current - 45.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E12 Neutrons/cm? 
- Usable to 3E13 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drall SOURCE VOILA 6? as 5: 4-6 eh ai2c:s e556 soe GEG a OeAe daa ee Theeaee ea tee es 
Drain-Gate Voltage (AGS = 20k): vis ssw vu cad ee neha eis ec dSw ds INS oe de anes V 
Continuous Drain Current 


Gale-Source VoOlages: sine wield atia cob uaa ian es he La pee warae eee eae sweats 
Maximum Power Dissipation 
TO S425 Cecchi s oie enieeda ae nteae exo ea ues abe aeernaltagetunaae 


Inductive Current, Clamped, L = 100p1H, (See Test Figure)... ... 2.2... cee eee 
Continuous Source Current (Body Diode)........... ccc ccc eee cet eee ee cence 
Pulsed Source Current (Body Diode) ......... cee cece cee cee eee reece nett eeees 


Operating And Storage Temperature... 0... ccc ccc eee cece cece eas TJC, TSTG -55 to +150 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max...........008- Kntaee eee eutee 


Package 


TO-258 


Symbol 


2N7306D, R, H UNITS 


= 
a | 
g 
>>> Ss <>>> << 
TRANSISTORS 


° 
OQ 


~ TL 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3261 


Copyright © Harris Corporation 1992 12-113 


tt 


REGISTRATION PENDING 
Currently Available as FRM9130 (D, R, H) 


SEMICONDUCTOR 


HARRIS 2N7307D, 2N7307R 


2N7307H 


Radiation Hardened 


December 1992 P-Channel Power MOSFETs 


Features Package 


° 6A,-100V, RDS(on) = 0.550Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(SI) and 1000KRAIXS)) 

- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 

e Photo Current - 1.50nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 

- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-204AA 


a Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- G 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 3 
This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. : 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
. 2N7307D, R, H UNITS 
Drall-SOurce: VOUSGG oi 54-400 hese. oa woh w Se oe oR EW 4G Oy ee ReGe Ae PNR R eee ees VDS -100 V 
Drain-Gate Voltage (RGS = 20KQ)..... ccc cee ccc cece ce rec tens cesaccosees VDGR -100 V 
Continuous Drain Current 
TGS 425 Oa ay eh e ceae-h aus Ree eee swe er Rea Tid De HeOR ain 6 A. 
TGS 4100" Ce). cua baw eetns duties e terra saa seek eA RAS Depa ewe 4 A. 
PUISEG Dlall CUNGIN 3 «spud a wiasy ore is ea eae man dwaes kw CN WA eawleg eee IDM 18 A 
Gale-Source Voltage se24 cies ak wis ae wi eka ee ee A OG RE ew EOCENE VGS +20 V 
Maximum Power Dissipation 
NG SASS OC ices wuce seid twine Oe ha ea iow ASA Lak eS aA eT ECSU 75 Ww 
NG S4 100°C ras 00 ta tcubisen waitin onda toc ste. wea ae Fale he a Oe EEN 30 W 
D6tated ADOVE 425°C. 5) ec saters SS Sins Winn BOGS See AOS See OR a Oa ee eee 0.60 WC 
Inductive Current, Clamped, L = 100n1H, (See Test Figure)........... cece cece eee ILM 18 A 
Continuous Source Current (Body Diode)... 1... cc cee ce ccc etc e eects tee enees 6 A 
Pulsed Source Current (Body Diode) .......... ccc cece ew cect cect cnet ee aeanes ISM 18 A 
Operating And Storage Temperature. ..... 2... cece ccc eee cece cece eeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) . . 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc c ec eee etree ences 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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File Number 3262 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRL9130(D, R, H) 


muHaRRis  2N7308D, 2N7308R 


2N7308H 


Radiation Hardened 


December 1992 P-Channel Power MOSFETs 


Features Package 


e 5A, -100V, RDS(on) = 0.550Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12.Typically If Current Limited to IDM 


¢ Photo Current - 1.50nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET <35MeV/mg/cm? and a Range = 30m at 80% BVDSS 


TO-205AF 


DGS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement. types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage ies ads cn 25 oct e hee e Aaa SNA OY Mi RAN eine Sea oS VDS 
Drain-Gate Voltage (RGS = 20KQ)... 2... ccc ccc cere cee teeter tenses eees VDGR 


Continuous Drain Current 


Pulsed) Drain Curents:2%.csucs os ohne add Sh Peed oben ae sioe teeta tees IDM 
Gate =Source Voltage. :2 xk neds ns ee wk Sa MOE wwe ae WW EON We ee Fb D ee hao VGS 


Maximum Power Dissipation 
TG SASS oe cucu nuantee ad eoearead-s ie tentnenew awed Awihals Mee wuawal we oeeeales 


Inductive Current, Clamped, L = 100pH, (See Test Figure). ... 0... cece eee e eee 


Continuous Source Current (Body Diode)... 0... cece cece cee cece eee eeeeeeeees 
Pulsed Source Current (Body Diode) ....... cece cece eee ec eee een e es eeeaee ISM 
Operating And Storage Temperature. ... 00... cc ccc cece cece een eee cees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... cc eee eee cece ewe nees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2N7308D, R, H UNITS 
-100 
-100 


<< 


TRANSISTORS 


= 
= 
>rr sett <>y>>r> 


° 
.@) 


-55 to +150 


° 
.?) 


300 


FileNumber 3239 


; Specifications 2N7308D, 2N7308R, 2N7308H - Registration Pending — 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified oo : 


LIMITS 
PARAMETER SYMBOL TEST CONDITIONS | 


Drain-Source Breakdown Volts__ - BVDSS VGS = 0, ID=1mA 
Gate-Threshold Volts - VGS(th) VDS = VGS, ID = 1mA ) 20 | 


< 


oO 


1 A 


Gate-Body Leakage Forward IGSSF VGS = -20V 
Gate-Body Leakage Reverse | iessR | VGS = +20V 


Zero-Gate Voltage VDS = -100V, VGS = 0 
Drain Current VDS = -80V, VGS =0 
VDS = -80V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps 


> 


Drain-Source On-State Volts VDS(on) VGS = -10V, ID =5A | 


Drain-Source On Resistance RDS(on) VGS = -10V, ID =3A 
Turn-On Delay Time VDD = -50V, ID = 5A 


Rise Time Pulse Width = 3s 


Turn-Off Delay Time td(off) Period = 300ps, Rg = 25Q 
Fall Time Le oe 0< VGS s 10 (See Test Circuit) 


-2.89 


= 
> 


Gate-Charge Threshold QG(th) 
Gate-Charge On State 
Gate-Charge Total | OGM VDD = -50V, ID=5A 


Plateau Voltage 0s VGS < 20 


1 


Gate-Charge Source 


tT 


Reverse Recovery Time TT | = 5A; di/dt = 100A/ps 


Junction-To-Ambient Free Air Operation ; ed 


tf 
G 
Gate-Charge Drain QG 
S 
a) 


ver es 
pee om 
Diode Forward Voltage ID =5A, VGD =0 | 06 | 


: 


00 
124 
78 

4 

24 
BD 
175 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL 
vi 
Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7308D, 2N7308R, 2N7308H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER SYMBOL TYPE TEST CONDITIONS | | min | Max | UN 

Drain-Source (Note 4, 6) 2N7308D,R | VGS= 0, ID = 1mA | tof - | ov 
Breakdown Volts : 

(wowws,e) | avoss | anreoan | vas-o0-tma | | - |v | 
Gate-Source (Note 4, 6) VGS(th) {| 2N7308D,R | VGS=VDS,ID=1mA | 20 -4.0 
Threshold Volts 

(iow3,5,6) | vase | anvaoen | vas-vos,i0-1ma | 20 | 00 |v 

Gate-Body (Note 4, 6) IGSSF 2N7308D,R | VGS =-20V, VDS =0 ps | too fa 
Leakage Forward 

(Note 5, 6) IGSSF 2N7308H VGS = -20V, VDS =0 = 200 
Gate-Body (Note 2, 4, 6) IGSSR 2N7308D, R {| VGS =20V, VDS =0 oa 100 
Leakage Reverse 

(Note 2, 5, 6) IGSSR 2N7308H VGS = 20V, VDS = 0 bes 200 
Zero-Gate Voltage (Note 4, 6) | DSS 2N7308D, R VGS = 0, VDS = -80V pe fee fA 
Drain Current 

wiotws,e) | ss | anvaosn | vas=o,vos-eov | - | 100 
Drain-Source (Note 1, 4, 6) VDS(on) | 2N7308D,R | VGS=-10V,ID=5A pf eeo | ov 
On-State Volts 

(ots 1,5,6) | vosten) | an7aoen | vas=-1v,-a | - | so | v | 
Drain-Source (Note 1, 4, 6) RDS(on) | 2N7308D,R | VGS=-10V,!ID=3A p= | asso fa 
On Resistance 

(Note 1, 5, 6) RDS(on) | 2N7308H VGS = -14V, ID =3A Yo] 0.830 


NOTES: 

. Pulse test, 300s max 

. Absolute value 

. Gamma = 300KRAD(Si) . 

. Gamma = {0KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 3E13 

. Gamma = 1000KRAD(Si). Neutron = 3E13 : 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 12/19/89 on TA 17731 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


Non f OD = 


12-117 


TRANSISTORS 


2N7308D, 2N7308R, 2N7308H - Registration Pending — 


Typical Performance Characteristics 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


‘MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


lw Lu 
Qa Qa 
Fa ad 
| = 
faa ; 
o fe 
2 2 
0 50 100 a — =10 -100 
TC CASE TEMPERATURE C : VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
SWITCHING FAILURE ONSET | VERSUS NEUTRON FLUENCE 
on . Ze 
2 8 AVALANCHE MODE = P CHANNEL — 
Qa. . 
2 Lae 8 BO 
= (Oe. 
- 7 
an as 
— rm) CU 
rd 
| 100 400 | | 1E19 1614 1215 
TIME OF INDUCTIVE DISCHARGE uS : FLUENCE - NEUTRONS/CM2 
a) TYPICAL PHOTO CURRENT & ‘DRAIN INDUCTANCE REQUIRED 
te VERSUS GAMMA RATE i | TO LIMIT GAMMA DOT CURRENT 
c. al TO ILM 
co ons 
Oo LW 
oat OO 
i= & LO 
i 6 4 
oc = 
s o 
QO O — 
Z ai 
c em UW 
o _ 
OQ -_ 
= 
| 


1E9 1E10 -30  -100 -300 
GAMMA DOT RAD (SI) / SEC DRAIN SUPPLY VOLTS 
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MHaRRIs  2N7309D, 2N7309R 


SEMICONDUCTOR | 2N/7309H 


REGISTRATION PENDING 


Currently Available as FRS9130(D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
° 6A, -100V, RDS(on) = 0.5650 : | TO-257AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pro-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 


e Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 


¢ Photo Current - 1.50nA Per-RAD(SI)/sec Typically 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


acta Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- bd 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. : Ss 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any . 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
| | | | 2N7309D, R, H 


: UNITS 
riDPAIN-SOWCe VONADG Si c.s:suicSa cia eit CA ta ac wuee sued WES OA ewe be Se ELGeges VDS . +100 V 

Drain-Gate Voltage (RGS = 20KQ). 2... cee ec cc ccc teen cee n cece ceeeees VDGR -100 V 
Continuous Drain Current 

NG 429) cles sae ens hehe wad aa wa 8 Ware Roca e oN a Oman Bee Aes ID 6 A 

TC =2+100°C 2... cc cece eee eas Ar Arana ee ate wis SiGe Sota Gave wk a ee Wee ae Ses ates ID 4 A 
Pulsed Draiti Curent). ses-twnicnea bande aed aces Sw ieee ieae es een Sab oe eelesee IDM 18 A 
Gale Source VONAGC 662 sinister tied dodieteis iweGaw eke eee MNe ease Awe eee VGS ; +20 Vv 
Maximum Power Dissipation | aan 

TC = 425°C 1... ee eee sip hi aiaieice Ve RA PAW oe Mae Me aa ER Cees Serene PT 50 W 

TO S4100°C ss sion vcs ences PR eee ee Or ee re ee rere re ere as PT - 20 W 

Derated-AbOVG 425°C oo sids 5. oe swede cdot aain ds Waa ORS oad L eS ee eae eeu es 0.40. WPC 
Inductive Current, Clamped, L = 100pH, (Ges TOSt FIGUG) 25 ohh ae boas ween eee ILM 18 A 
Continuous Source Current (Body Diode)........ 0. cece cece ccc cent cece ceneercsece Is 6 A 
Pulsed Source Current (Body Diode) .......... cc cece ccc n cece eee n eee eecsteaees ISM 18 A 
Operating And Storage Temperature... 0... eee ccc cece tcc c enc encees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ..... ccc cece eee e cece ceeceee TL 300 °C 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. FileNumber 3240 
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Specifications 2N7309D, 2N7309R, 2N7309H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified. 


sine TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS 
Gate-Threshold Volts | 
Gate-Body Leakage Forward | iessF |ves=20v 0 
Gate-Body Leakage Reverse | igssh | ves=sov 


Zero-Gate Voltage VDS = -100V, VGS = 0 
Drain Current VDS = -80V, VGS = 0 : 


“J _— 
> 


PARAMETER | UNITS 


fh 


3 


0 


< 


> 


VDS = -80V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR Time = 20ps 


~* 
© 


Drain-Source On-State Volts 


VDS(on) VGS = -10V, ID = 6A 
Drain-Source On Resistance | RDS(on) | VGS = -10V, ID = 4A 


Turn-On Delay Time td(on) VDD = -50V, ID = 6A 


Rise Time pt Pulse Width = 3ys 76 
Tum-Off Delay Time Period = 300ps, Rg = 25 126 
Fall Time aa 0s VGS s 10 (See Test Circuit) 

Gate-Charge Threshold 


cop) 


Gate-Charge On State 


Gate-Charge Total VDD = -50V, ID = 6A 


IGS1 = IGS2 


Plateau Voltage 0<VGS s 20 


Gate-Charge Source 


IA 
G 
Diode Forward Voltage ID =6A, VGD=0 | | 
Reverse Recovery Time | = 6A; di/dt = 100A/us 
Junction-To-Ambient Free Air Operation 


R 
P 
Gate-Charge Drain 
5D. 
Gjc 


°C/W 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS 
RL: 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM | 


12-120 


Specifications 2N7309D, 2N7309R, 2N7309H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source (Note 4, 6) BVDSS 2N7309D, R VGS = 0, |ID= 1mA 
Breakdown Volts 
BVDSS 2N7309H VGS = 0, ID= 1mA 
VGS(th) 2N7309D, R VGS = VDS, ID=1mA 
VGS(th) 2N7309H VGS = VDS, |D= 1mA -2.0 


LIMITS 


UNITS 
V 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


(Note 3, 5, 6) 


oO 


Gate-Body (Note 4, 6) IGSSF 2N7309D,R | VGS=-20V, VDS =0 100 A 
Leakage Forward 

(Note 5, 6) IGSSF 2N7309H VGS = -20V, VDS =0 200 
Gate-Body (Note 2, 4, 6) IGSSR 2N7309D,R | VGS=20V, VDS =0 100 


Leakage Reverse 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 100 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


0.565 


(Note 1, 5, 6) 0.848 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D’, 1OOKRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


. Gamma data taken 12/19/89 on TA 17731 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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TRANSISTORS 


2N7309D, 2N7309R, 2N7309H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT SAFE OPERATING AREA CURVE 


(am) 
VS CASE TEMPERATURE Ss) CASE TEMPERATURE=25 C- 
nm o ras) DPERATION IN THIS AREA IS 
f ff 
LU uJ 
Q- So 
fom Cc — 
2 z 
c c 
~~ [eal 
OQ QO 
mH O&O Oo < 
FRS9130 FRS9130 
0 50 100 “10 “T00 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
9 SWITCHING FAILURE ONSET = VERSUS NEUTRON FLUENCE 
in ~ Zz 
Wu AVALANCHE MODE oO P CHANNEL 
a 8 
& aed 
z& (om 
oo Ni 
ce im 
—_I 
cm 
= ca 
(oma) 
=z. 
100 400 46139 + JEl4 1&5 
TIME OF INDUCTIVE DISCHARGE  uS FLUENCE - NEUTRONS/CM2 
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MmHaARRIs § 2N7310D,2N7310R “ 
SEMICONDUCTOR 2N7310H 


REGISTRATION PENDING 


Currently Available as FRM9230 (D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
e 4A, -200V, RDS(on) = 1.300 TO-204AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(S)) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 


¢ Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 


¢ Photo Current - 3nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm’ and a Range 2 30um at 80% BVDSS 


ae Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types D 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- G 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of S 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
2N7310D, R, H UNITS 


Dialie- Source VollAge,txcde0 53202 as eead mir atdstaeweehndvatd etwacsongs es vDs -200 V 0 
Drain-Gate Voltage (RGS = 20KQ). 0... cee ccc cc ccc eer c eee eee ee scenes VDGR -200 V Oo 
Continuous Drain Current Pr 
WG See CO er te hoe nti hha oes condos eas aaa a wretaa eae a ne aaa ee ores ID 4 A oO 
WG =A 100°C sac Oks ne ede ainda daws pus een ue paiement ees iD 2 A = 
Pulsed Drain Current 2c cise sera, sada ERAS Oa AR a dae Rea Wa Ouest s es IDM 12 A = 
Gale-Soures Voltage 22.s..i0 us ae etaw di enwee nates ONE aaa wad WA ile Rei eek aes VGS +20 V - 
Maximum Power Dissipation 
NGS 425°C: igus obdaak eis cena Segeneries daa eanme busines wonneetes PT 75 W 
TO SOO C aga ciscaatae do awen est sh esa ee Givers wire anand dA We oS Se eas Saw eu PT 30 W 
Deratad Above: 425 G04 0 cro is eae BOGE dsl Fd eo Bee Aes Kees ue euwae bees’ 0.60 WC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)...... 0... cece cece eee eee ILM 12. A 
Continuous Source Current (Body Diod@)........... ccc cece tee ce cee cn cece eeeeee IS 4 A 
Pulsed Source Current (Body Diode) .......... ccc ccc cece cee cece cette eeeeeees ISM 12 A 
Operating And Storage Temperature... ... 0. ccc ccc ee eer eee cent ones wees WC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc cece cece teens sepheteiace TL 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper 1.C. Handling Procedures. 


File Number 3263 
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SEMICONDUCTOR 


"HAR 


REGISTRATION PENDING 
Currently Available as FRL9230(D, R, H) 
December 1992 


Features 

e 3A, -200V, RDS(on) = 1.30Q 

e¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot _ - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
° Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


2N7311D, 2N7311R 


2N7311H 


Radiation Hardened 


P-Channel Power MOSFETs 


Package 


TO-205AF 


DGS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage................. ee ee re ee ee eee ae VDS 
Drain-Gate Voltage (RGS = 20KQ). 2.1... cece cee cece cee tnt eee eeeeeeeeees VDGR 


Continuous Drain Current 
TC = +25°C 


Gale-Source VON x sess atetdrw sree Soa ORG AS el kw CNA ew eM ee ea eae Fs VGS 


Maximum Power Dissipation 
TC = +25°C 


eeeseeeeseecne es eeeere eee eee eww wom ewe eee eee me ee ee eee hm hh he eee he hm Oh ete ew 


Inductive Current, Clamped, L = 100pH, (See Test Figure). ....... 0... cee eee e eee 


Continuous Source Current (Body Diode) .......... ccc ec ec e cee ence cere eee cesees 
Pulsed Source Current (Body Diode) .... 2... . cc cee ccc cece reece eee e ee neeees ISM 
Operating And Storage Temperature. ... 1... cece ccc cece cece een ee eens TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max....... ccc cece rece tt eeeeees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ILC. Handling Procedures. 
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2N7311D, R, H UNITS 


-200 
-200 


NS 
(6, | 
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>Prr sete <>} PP << 


° 
Q 


-55 to +150 


° 
O) 


300 


FileNumber 3245 


Specifications 2N7311D, 2N7311R, 2N7311H - Registration Pending 


PARAMETER TEST CONDITIONS UNITS 


5 ~*~ 


Drain-Source Breakdown Volts BVDSS VGS = 0, |ID=1mA 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified | 


ee! ct ae ee 
Gate-Threshold Voits VGS (th) VDS = VGS, ID = 1mA | 20 | 4o | ov | 
Gate-Body Leakage Forward IGSSF VGS = -20V p= | 100 fom 
Zero-Gate Voltage VDS = -200V, VGS = 0 1 
Drain Current VDS = -160V, VGS = 0 0.025 mA 
VDS = -160V, VGS = 0, TC = +125°C 0.25 
Drain-Source On-State Volts VDS(on) VGS = -10V, ID = 3A poe Pat fv 
Drain-Source On Resistance ‘ ADS(on) VGS = -10V, ID = 2A ee ae de ae | 
Turn-On Delay Time td(on) VDD = -100V, ID=3A poe fe 
| Turn-Off Delay Time td(off) Period = 300ys, Rg = 25Q pe fe | 
Fall Time pth 0<VGS s 10 (See Test Circuit) pe fe 
Gate-Charge Threshold QG(th) 
Gate-Charge Total | GM | VDD = -100V, ID = 3A | 28 fe | . 
IGS1 = IGS2 
°C/W 
Junction-To-Ambient Free Air Operation ara 7) 
co 
O 
~ 
” 
VDD ” 
E1 = 0.5 BVDSS VC = 0.75 BVDSS = 
RL or 
v1 e 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7311D, 2N7311R, 2N7311H - Registration Pending 


Post-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


SYMBOL ~~ TEST CONDITIONS J omin } max | UNITS 
Teveas [avanon [ves-a-m [a [|v 
VGS = 0, ID = 1mA oy 
VGS = DS, D= mA 
VGS = VDS, ID=1mA _ 
| 'assF_ | 2n7aiio, A | VGS =-20V, VDS=0 | 
VGS = -20V, VDS = 0 
| IGssr | 2N73110,R_| VGS = 20V, VDS =0 
Tiassr | anroian | ves =20v, vos =0 

| iss | 2N73110,R | VGS = 0, VDS = -160V 
| iss | an7aitH | VGS =0, VDS = -160V 
VGS=-10V,1D=3A 
VGS =-16V,ID=3A 
F rosten) | anvstto,n | vas=-t0v, 0 =2A 
VGS =-14V, ID =2A 


PARAMETER 


Drain-Source (Note 4, 6) 


Breakdown Volts — 


(Note 5, 6) 


Gate-Source (Note 4, 6) 0 


Threshold Volts 


(Note 3, 5, 6) 


= 
> 


| Gate-Body 
Leakage Forward — 


(Note 4, 6) 


(Note 5, 6) 


Gate-Body 100 


Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage (Note 4, 6) 


Drain Current 


(Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 300j1s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D’, 1O0KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 . . 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7 


- Gamma data taken 2/19/90 on TA 17732 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 : 7 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 | 
_9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7311D, 2N7311R, 2N731 1H - Registration Pending 


_ Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


DRAIN AMPERES 


ID 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


DRAIN AMPERES 
20 30 40 


OP 


(a) 
cai on 
200 400 600 
TIME OF INDUCTIVE DISCHARGE us 

«p TYPICAL PHOTO CURRENT 
i VERSUS GAMMA RATE 
=O 

oO 
| 
Zz 
Lu 
~ 
ag 
rm) 
do 
Ma 
om 
am 
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1E9 
GAMMA DOT 


1E10 
RAD CSI) / SEC 
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NORMALIZED RDSCON)- 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


DRAIN AMPERES 


i) 


-10 -100 
VDS_ DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


1E13. JEl4  1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


1E-4 


Le<5 


“” 
a 
© 
” 
v”) 
= 
rs 
- 


LIMITING INDUCTANCE - HENRY 
1E-6 


-300 
DRAIN SUPPLY VOLTS 


-30 -100 


SEMICONDUCTOR ao ’ ON731 OH 


REGISTRATION PENDING 


Currently Available as FReeZi0(0, R, H) eo Radiation Hardened 
December 1992 . P-Channel Power MOSFETs 
Features 7 Package 
° 4A, -200V, RDS(on) = 1.320 | a - TO-OS7AA 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 


- Defined End Point Specs at 300KRAD(S!) and 1000KRAD(SI) 

- Performance Permits Limited Use to 3000KRAD(SI) 
e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 3.0nA Per-RAD(SI)/sec Typically : > D 
e Neutron _ = Pre-RAD Specifications for 1E13 Neutrons/cm? —G 

- Usable to 1E14 Neutrons/cm* | oe 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


ss iee Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- | _ | 

TION hardened power MOSFETs of both N and P channel enhancement types | =D 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. . 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 7 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- rd 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of > 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7312D, R, H _ UNITS 
Drain-Source Voltage. ........ ccc cece ee ceee More Matera Sareea eine peMoe Showa 6 VDS -200 
Drain-Gate Voltage (RGS = 20kKQ)....... cece ccc cece cece cece etceeeceveens VDGR -200 
Continuous Drain Current | 
VOSS 25 Catt titi athens Pe heey sidawa sa seeder eee dame ia eaeeonaes iD 4 
TOSSES sic ae cuKikdaeewaneeees ad aees eeaatiearauhtn eis Windle nace ie hem aa eae ID 2 
a) a atiasiesal etter aa k a ew wid el ne TaleaaTo Swain ore Wialace Ula w are oe oak ie'te oa oer OM 12 
Gate- Source: VOUAge ici stiwnis x rand s Gola 8 eee Siac heb beueee tad eee wee VGS +20 
Maximum Power Dissipation 
NOS 905 Coot oven sured a deus ewanweus de crea Si cin re mam eieale de jue ewe PT 50 
TO St 100C ics weiiera iad vant Sim pba wa eS daadaaaenguadswae en heres e ane eee PT 20 
Derated Above +25°C ..... 6. ccc cc cece cee cee ees Sue eeeeaaeaees Sea Aeeeas eae 0.40 
Inductive Current, Clamped, L = 100pH, (See Test Figure)... 2... . cee eee teen eee ILM 12 
Continuous Source Current (Body Diode). 1.2... . ce ccc cece cece eee ee eee eecnceeees IS 4 
Pulsed Source Current (Body Diode) ............ ccc ccc n cece cece vceescseeenccns ISM 42 
Operating And Storage Temperature. .........cccccccccceccceeccceeenseee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... cece cece esc cceccesceces TL 300 


<< 


p>>Sss <>>> 


° 
1?) 


° 
?) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 3246 
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Specifications 2N7312D, 2N7312R, 2N7312H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 
TEST CONDITIONS p MIN | 


PARAMETER UNITS 


Drain-Source Breakdown Volts 


V 


Gate-Threshold Volts VGS(th) VDS = VGS, ID = 1mA | 20 
Gate-Body Leakage Forward IGSSF VGS = -20V 
Gate-Body Leakage Reverse IGSSR VGS = +20V 


Zero-Gate Voltage VDS = -200V, VGS = 0 


> 


© 


> 


> 


Drain Current VDS = -160V, VGS = 0 
VDS = -160V, VGS = 0, TC = +125°C 


Rated Avalanche Current Time = 20ps 
Drain-Source On Resistance RDS(on) VGS = -10V, ID =2A 


Turn-On Delay Time td(on) VDD = -100V, ID =4A 


0.025 
0.25 


m 


Drain-Source On-State Volts 


Rise Time Pulse Width = 3ps 


Turn-Off Delay Time td(off) Period = 300yus, Rg = 25Q pe | 
Fall Time aa 0< VGS s 10 (See Test Circuit) pe | 


Gate-Charge Threshold QG(th) 


Gate-Charge On State 
VDD = -100V, ID = 4A 


Gate-Charge Total 
IGS1 =1IGS2 


Plateau Voltage 0s VGS < 20 


Gate-Charge Source 


100 
100 
1 
-5.54 
48 
158 
111 
4 
124 
-13 


G 
Gate-Charge Drain ceo 


°C/W 


~” 
oc 
oO 
-_ 
“”) 
on 
VDD E1=0.5 BVDSS VC = 0.75 BVDSS Z 
RL om 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7312D, 2N7312R, 2N7312H - Registration Pending 


LIMITS 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER | SYMBOL ~*~ 


Drain-Source (Note 4, 6) 2N7312D, R 

Breakdown Volts 

(Note 5, 6) BVDSS 2N7312H 
VGS(th) 2N7312D, R VGS = VDS, |ID=1mA 
VGS(th) ] 2N7312H VGS = VDS, ID = 1mA 
IGSSF 2N7312D, R VGS = -20V, VDS = 0 


TEST CONDITIONS UNITS 


VGS = 0, ID= 1mA 


VGS = 0, |ID= 1mA -190 


Gate-Source (Note 4, 6) 
Threshold Volts 


a 
ro) 


(Note 3, 5, 6) 


Gate-Body 
Leakage Forward 


(Note 4, 6) 


(Note 5, 6) 


= 


oO 
[ Oo 


VGS = 20V, VOS =0 
VGS =20V, VOS=0 
GS = 20, OS =0 
VGS = 0, VDS = -160V 
VG5=0, VOS = 160V 
VG5=-10V, Dah 
VGS = -16V, ID = 4A 
VGS = -10V, ID = 2A 
VGS = -14V, ID = 2A 


Gate-Body 
Leakage Reverse 


(Note 2, 4, 6) 


(Note 2, 5, 6) 


Zero-Gate Voltage 
Drain Current 


(Note 4, 6) 


(Note 5, 6) 


Drain-Source 
On-State Volts 


(Note 1, 4, 6) 


Z 


(Note 1, 5, 6) 


Drain-Source 
On Resistance 


(Note 1, 4, 6) 


(Note 1, 5, 6) 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 1E13 
5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 2/19/90 on TA 17732 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
' 9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7312D, 2N7312R, 2N7312H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


30 


AMPERES 


10 


DRAIN CURRENT 


300 


100 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


FRS9230 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


AVALANCHE MODE 


100 400 
TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


1E9 1E10 
GAMMA DOT RAD. <Sf). / SEC 
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DRAIN AMPERES 


ID 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


1E-4 


lE=3 


LE=6 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=2e5 C 


OPERATION IN THIS AREA 
LIMITED BY RDSCon) 


FRS9230 
-10 -100 
VDS = DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


NEUTRONP 


i1eio.. lela . tes 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO: ILM 


TRANSISTORS 


GAMMADOT 
-30 -100 =900 
DRAIN SUPPLY VOLTS 


Ga FARRIS 


SEMICONDUCTOR 


REGISTRATION PENDING | 
Currently Available as FRM9140(D, R, H) 
December 1992 


Features 


2N7316D, 2N7316R 
2N7316H 


| Radiation Hardened 
P-Channel Power MOSFETs 


Package 


e 11A, -100V, RDS(on) = 0.300Q 
‘¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 1O0KRAD(Si) 


- Defined End Point Specs at 300KRADX(SI) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRADX{Si) 


e Gamma Dot - Survives 3E9RAD(Siysec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 3.0nA Per-RAD(Si)/sec Typically 
e Neutron = Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET.< 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on.resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cem? for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


TO-204AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage........ KG OS MAES Lewes Meee Sada eis RN nem cae ayes VDS 
Drain-Gate Voltage (RGS = 20KQ). 2... cece ce cece eect eee e eect cece enees VDGR- 


Continuous Drain Current 


TOSS 26 w ailvrasai de ftcnielaagae nla cesi kano ata suceu eaten bee I wana tesasaeees 


Gate-Source Voltage ........... eS Mireena Wee eRe ade a Seon aetna wedalelee VGS 


Maximum Power Dissipation 
Oe 5 fe, ae a a a RS Pe we are eer re ee ge ate re 


2 ry 


Inductive Current, Clamped, L = 100uH, (See Test Figure)... ....... 2. cece cece ee ees ILM 
Continuous Source Current (Body Diod@)........... cc cece cece erence cence cee enaes 
Pulsed Source Current (Body Diode) .......... ccc cece cee veceeeeeeveeecensees ISM 
Operating And Storage Temperature...... eck Was Era Rtas ae woes mara emer TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc c cece cece eee ecaes 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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FileNumber 3241 


Specifications 2N7316D, 2N7316R, 2N7316H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Gate-Threshold Volts 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse 


LIMITS 


, io) id) : 
) we) cop) 


PARAMETER UNITS 


Drain-Source Breakdown Volts 


< 


(o) 


100 


=] 
> 


— 
oO 
Oo 
>) 

> 


Zero-Gate Voltage VDS = -100V, VGS = 0 
Drain Current VDS = -80V, VGS =0 


3 
> 


VDS = -80V, VGS = 0, TC = +125°C 


IAR Time = 20ps 


VDS(on) VGS = -10V, ID=11A 


Rated Avalanche Current 
Drain-Source On-State Volts -3.47 


Drain-Source On Resistance RDS(on) VGS = -10V, ID=7A 


ae aa 

pee 

occe 
Turn-On Delay Time VDD =-50V, ID=11A 
Rise Time ptr Pulse Width = 3pys 
Turn-Off Delay Time Period = 300s, Rg = 250 2 
Fall Time La ae 0< VGS s 10 (See Test Circuit) 132 
Gate-Charge Threshold Lae 
Gate-Charge On State 104 
Gate-Charge Total | OGM VDD = -50V, ID=11A 214 

IGS1 = IGS2 

Plateau Voltage VGP 0<VGS s 20 


Gate-Charge Source 


Gate-Charge Drain QGD 


VSD ID =11A, VGD =0 
TT | = 11A; di/dt = 100A/ps 


R6j 
Free Air Operation 


Diode Forward Voltage 


EGE: 
oO ie) 


Reverse Recovery Time TBD 


Junction-To-Case 


rs) 
fe 


°C/W 
Junction-To-Ambient 


Réja 


y) 
co 
© 
” 
vop E1 =0.5 BVDSS VC = 0.75 BVDSS Z 
RL cc 
v1 - 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7316D, 2N7316R, 2N7316H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified | 


] SYMBOL —_ TEST CONDITIONS {omy | oMax UNITS 
[evess Tawavo.n [ves-oo-ima [oo [ - | v _ 
2N7316H | VGS=0,ID=1mA | Vv 
2N7316D, R 
2N7316H © 
2N7316D, R 


PARAMETER 


Drain-Source 


(Note 4, 6) 
Breakdown Volts 


(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 


VGS = VDS, ID = imA 


(Note 3, 5, 6) VGS = VDS,ID=1mA | 


Gate-Body 
Leakage Forward 


(Note 4, 6) VGS = -20V, VDS = 0 


(Note 5, 6) | IGSsF 2N7316H VGS = -20V, VDS = 0 
Gate-Body. (Note 2, 4, 6) | IGssR 2N7316D,R_ | VGS =20V, VDS =0 
Leakage Reverse 

(Note 2, 5, 6) | IGssr | 2N7316H VGS = 20V, VDS = 0 
Zero-Gate Voltage (Note 4, 6) | pss | 2N7316D,R_ | VGS=0, VDS = -80V 
Drain Current 

(Note 5, 6) | IDSs 2N7316H VGS = 0, VDS = -80V 


(Note 1, 4, 6) 


Drain-Source 
On-State Volts 


2N7316D,R | VGS=-10V, ID=11A 
2N7316H . VGS = -16V, ID=11A 
2N7316D,R | VGS=-10V,ID=7A - 
2N7316H 


(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


(Note 1, 5, 6) 


VGS = -14V, ID =7A 


NOTES: . 
1. Pulse test, 300s max 
2. Absolute value — 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 . | . 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS < e 
7. Gamma data taken 5/19/90 on TA 17741 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 . 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 . 
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2N7316D, 2N7316R, 2N7316H - Registration Pending 


Typical Performance Characteristics 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


Lu 
a. ee 
a & 
z zo 
5 
= =) 
M91 401DT 
0 50 100 -10 -100 
TC CASE TEMPERATURE C VDS  DRAIN-TO-SOURCE VOLTS 
TYPICAL UNCLAMPED INDUCTIVE NORMALIZED ON RESISTANCE 
g SWITCHING FAILURE ONSET m VERSUS NEUTRON FLUENCE 
nm ~ Zzxaz 
ee AVALANCHE MODE - P CHANNEL 
a 4 
z a 
Z8 QO ~ 
te . Rg ; 
= | 
¢ 
G rw 
za 
100 400  4EI3 Oo 1EI4)— 1 E15 
TIME OF INDUCTIVE DISCHARGE uS “FLUENCE - NEUTRONS/CM2 
" TYPICAL PHOTO CURRENT —@& = |. DRAIN INDUCTANCE REQUIRED © 
cr VERSUS GAMMA RATE i TO LIMIT GAMMA DOT CURRENT 
o. Y , TO ILM ” 
co c 
. oO Lu Oo 
—_ C) -_ 
= & ” 
i b % 
ene) ea - 
Pak a) 
— z 
on aa 
oO be 
O — 
sa 
M91 40PHOTO 4 
1EQ 1E10 “30 -1t00 . -300 
GAMMA DOT RAD CSI) / SEC DRAIN SUPPLY VOLTS 
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SEMICONDUCTOR 


MHARRIS 2N7317D, 2N7317R 


REGISTRATION PENDING 
Currently Available as FRS9140 (D, R, H) 


2N7317H 


Radiation Hardened 


December19920 P-Channel Power MOSFETs 


Features Package 


e 11A, -100V, RDS(on) = 0.3150 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9SRAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 3.0nA Per-RAD(Si)Vsec Typically 
e Neutron §__- Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm’ and a Range 2 30um at 80% BVDSS 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to S500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


TO-257AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source VOlag6 ss... os sinks eed eaadaed ou Ube ein eedaie neues ca atedh aaah VDS 
Drain-Gate Voltage (RGS = 20KQ). 2... ccc ccc cece tec e cece cee eeereceeeecs VDGR 


Continuous Drain Current 


NO R420 Ce eet at Heat andke me areiiaavenaniaouendgencen es reer er tr 


Gale- Source VOitAge isis ose Kon dices Keee ee Ow niid w eae cease eexawoess es Poe hae VGS 


Maximum Power Dissipation 
TC = 425°C ......... aie sb aliatsiare Sts alee aie oars sla s  DaU wae Ge ew ea ea ae ee 


Inductive Current, Clamped, L = 100pH, (See Test Figure)............ cece eee cee eeee ILM 
Continuous Source Current (Body Diode). ....... 2... cece cece cee e cc eeecceteecesecs 
Pulsed Source Current (Body Diode) .......... ccc cece ccc eeeccceeeeecuceeeess ISM 
Operating And Storage Temperature...... 0... ccc ce ete ec e ccc e eee eens TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... ccc ccc cece cece ce ceces 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
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File Number 3264 


December 1992 


SEMICONDUCTOR 


REGISTRATION PENDING 


Currently Available as FRM9240(D, R, H) 


Features Package 


¢ 7A, -200V, RDS(on) = 0.720Q 
e Second Generation Rad Hard MOSFET Results.From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD({Si) 
- Performance Permits Limited Use to 3000KRAD(SI) 

e Gamma Dot - Survives 3E9RAD(SI)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 


e Photo Current - 5.0nA Per-RAD(Si)/sec Typically 


¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to. 1E14:Neutrons/cm? 
e Single Event - Typically Survives 1E5ions/cm? Having an 


LET < 35MeV/mg/cm? and a Range'2 30m at 80% BVDSS 


TO-204AA 


Symbol 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of: 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


D&alli-SOUICE VONAGE sass sid.a eneseicee Sia Shai e Ca Sa aaa Ot Ga Sw Dias eee aeen VDS 
Drain-Gate Voltage (RGS = 20KQ). 2... ccc ccc cece ce cece cet e ce eeceeeees VDGR 
Continuous Drain Current 

TO SA29 O a tact ined cdi aPe Van epa Deke ead antee laws ete beGlede de Saanween ID 

OS 100°C srr id arsteare s bla we eee eh eau loa ea anhaEn wakae mates ID 
RUSE Dain CUMBN aia ad seath oe Meta ce aes Sate waa oes Matte cal Ne Saee va ate IDM 
Gale-Sourcs: Voltages: 2444.04 don dade Smee on edie wa we ia be ete oie 4 ave Bares VGS 
Maximum Power Dissipation 

UO 2425S 25.55 vn ev ancAnneineiehP ee eae re ruweede eakexerr ese eesea ten PT 

TG S100 Ci eee temueaetantGw cae eas cease sisal oes ty uiedewasasauas PT 

Detated ADOV6 425° Os. cn thy eae hee arela grata ee aah eae anes whee On maa e ens 
Inductive Current, Clamped, L = 100pH, (See Test Figure)... ......... 2.2.00 eee eee eee ILM 
Continuous Source Current (Body Diode)... 2... cece cece cee cee teen eee teeecenes IS 
Pulsed Source Current (Body Diode) .......... ccc ccc eee e cence ener eeeee ISM 
Operating And Storage Temperature. ...... ccc cece cee cee cece ee enees TJC, TSTG 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max..... 2... cece cece cece eee eens TL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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File Number 


Radiation Hardened 
P-Channel Power MOSFETs 


3242 


TRANSISTORS 


Specifications 2N7318D, 2N7318R, 2N7318H - Registration Pending 


LIMITS 


Vv 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts 
Gate-TresodVots 
Gate-Body Leakage Forward 
Gate-Body Leakage Havers IGSSR_: 


-4.0 


A 


=! 
> 


VDS = -200V, VGS = 0 
VDS = -160V, VGS = 0 


Zero-Gate Voltage 
Drain Current 0.025 mA 


0.25 


VDS = -160V, VGS = 0, TC = +125°C 


Rated Avalanche Current 
Drain-Source On-State Volts VDS(on) VGS = -10V, ID = 7A 
Drain-Source On Resistance RDS(on) VGS = -10V, ID=4A 


Turn-On Delay Time td(on) VDD = -100V, ID=7A 


Rise Time pt Pulse Width = 31s 


Time = 20ps 


0.720 


+e) 


Turn-Off Delay Time Period = 300pus, Rg = 25 
Fall Time 
Gate-Charge Threshold 
Gate-Charge On State 


AR 
Gate-Charge Total 
GD 
SD 
TT 
Qjc 


0< VGS s 10 (See Test Circuit) 


106 


> 
i?) 


a 
—_ Ga) 
BAN NO 


) 
= 


VDD = -100V, ID = 7A 216 
IGS1 =1IGS2 
Plateau Voltage 0<VGS < 20 
Gate-Charge Source 


Gate-Charge Drain 


BoE 
NM 1 po 


_ 
00 
< 


Diode Forward Voltage 


ID =7A, VGD = 0 
| = 7A; di/dt = 100A/is 


Free Air Operation 


Reverse Recovery Time 


Junction-To-Case 


Junction-To-Ambient 


V 
Q 
Q 
Vv 
R 


VDD E1 =0.5BVDSS VC = 0.75 BVDSS 
RL 
v1 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7318D, 2N7318R, 2N7318H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


LIMITS 


TYP TEST CONDITIONS 


a 
ae 
7) 


Drain-Source (Note 4, 6) BVDSS 2N7318D,R | VGS=0,ID=1mA | 20 [| - | ov | 
Breakdown Volts 

Woww5,6) | avoss | anrown | vas-o-1ma | aa | - |v 
Gate-Source (Note 4, 6) VGS(th) 2N7318D,R | VGS=VDS,ID=1mA -4.0 
Threshold Volts 

wot 3,5,6) | vestny | anvoran | vas-vos,i0-1ma | 20 | 00 | v 
Gate-Body (Note 4, 6) IGSSF 2N7318D,R | VGS =-20V, VDS =0 —s 100 
Leakage Forward 

Wows.6 | iassr | anrown | ves--2ov,vos-o | - | 200 | mm | 
Gate-Body (Note 2, 4, 6) IGSSR 2N7318D,R | VGS=20V, VDS =0 a 100 
Leakage Reverse 

(woww2,5,6) | 1assn | anveren | vasqa0v,vos-0 | - | _ 200 
Zero-Gate Voltage - (Note 4, 6) IDSS 2N7318D,R | VGS=0, VDS = -160V pe fae | 
Drain Current 

(Note 5, 6) IDSS 2N7318H VGS = 0, VDS = -160V Ls 100 
Drain-Source (Note 1, 4, 6) VDS(on) [| 2N7318D, R VGS = -10V, ID = 7A p+ | 529 fv 
On-State Volts 

(wow 1,5,6) | vosion | anratan | vas=-ov,o=7a | - | 70a |v _ 
Drain-Source (Note 1, 4, 6) RDS(on) | 2N7318D,R | VGS=-10V,ID=4A oa 0.720 
On Resistance 

(Note 1, 5, 6) RDS(on) | 2N7318H VGS = -14V, ID=4A hoo 1.08 


NOTES: 
1. Pulse test, 3001s max 
2. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D’, 1OOKRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 7/13/90 on TA 17742 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 
PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
_ 9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO on ff © 
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2N7318D, 2N7318R, 2N7318H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


(dp) 
ww 
(aa 
Lu 
Q 
= 
(cm 
z 
in 
~~ 
OQ 
2 
MG240I1DT 
| O 50 100 
TC CASE TEMPERATURE C 
Bs TYPICAL UNCLAMPED INDUCTIVE 
9 SWITCHING FAILURE ONSET 
(a9) 
Wu AVALANCHE MODE 
a 
= 
(om 
Zz6 
=e 
a 
O 
. oe 
1774eUIS 
100 500 
TIME OF INDUCTIVE DISCHARGE  uS 
wp TYPICAL PHOTO CURRENT 
or 
Wi VERSUS GAMMA RATE 
0 
O 
kK 
za 
LU 
ia 
Oc 
—_) 
Oo 
x 
cm 
Oo 
Q 


M9240PHOTO 
1E9 1E10 


GAMMA DOT RAD €SI) / SEC 


12-140 


DRAIN AMPERES 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING ARER CURVE 
CASE TEMPERATURE=25 C 


M@240S0A 
-10 -100 
VDS DRAIN-TO-SOURCE VOLTS. 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


NEUTRONP 


1EIS 1E14 1E15 
FLUENCE - NEUTRONS/CMe 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


GAMMADOT 
-300 
DRAIN SUPPLY VOLTS 


-30 - 100 


) HARRIS 2N7319D, 2N7319R_ “ 
SE gicenpuca or 2N7319H 


REGISTRATION PENDING 


Currently Available as FRS9240 (D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
¢ 7A, -200V, RDS(on) = 0.735Q TO-257AA 
¢« Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRADXSI) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot _ - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 5.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm* 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


shoe Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to SO0OV, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7319D, R, H UNITS 
Dain SOUlCE VONAGG 65 5 sealant oe iant ewe oad Sa aS eae awe BOR VDS -200 © V 
Drain-Gate Voltage (RGS = 20kQ)......... OT ee eT eee ee ee Orr eS ore VDGR -200 V Oo 
Continuous Drain Current DH 
WG 20-C ewan vue etn Gee taeda s eaeer ae rae oat re wee aia Pela dade ees ID 7 A oO 
WS OOPS: eee aaa eed eaten te Sin pana ddan Gl en dae oa we eee eee b ae iD 4 A = 
Pulsed Drain: Cuneo .¢ 3%. G24 S54 core. iene Rook pwd has cote eh hen eae. eGaaes IDM 21 A = 
Gate-Source Voltage ......... 2. eee Neste brite hat ls carte et ua witha ces aati ue caveat ace aces VGS +20 V r 
Maximum Power Dissipation 
TWO SAS Gaara iin Susie hoa ie sae en Odes ER SOURS AS eee ede PT 75 W 
TC =+100°C .......... 1 eelataws ib Give a ba ares we and AeA Ae BAIT Ae EE ea Se be PT 30 Ww 
Derated AbOV6 425°C ssicrcst cones oenesnuewaap anna cpa erene eee abe eens 0.60 WPC 
Inductive Current, Clamped, L = 1001H, (See Test Figure)... 2.0... cece eee ILM 21 A 
Continuous Source Current (Body Diode)... 2.0... ccc ccc ce cece tee eee eeeeees IS 7 A 
Pulsed Source Current (Body Diode) ....... 0... cece eect eens Mesa tin Ale eravs ISM 21 A 
Operating And Storage Temperature. ... 0... cee cece cece cece eee c ees .. TIC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10s Max... ...... cece ccc cece cece eee nees TL 300 °C 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper !.C. Handling Procedures. File Number 3265 
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MHaRRis — 2N7322D, 2N7322R 
J SEMICONDUCTOR 7 - 2N7322H 


REGISTRATION PENDING 

Currently Available as FRK9150 (D, R, H) oa _ Radiation Hardened 

December 1992 P-Channel Power MOSFETs 
Features Pg? eo % Package 


e 26A, -100V, RDS(on) = 0.1250 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meots Pre-Rad Specifications to 100KRAD(SI) 

- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
+ Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot _ - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
_._ » Survives 2E12 Typically if Current Limited to IDM 

e Photo Current - 7.0nA Per-RAD(Si)/sec Typically 

¢ Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 

e Single Event - Typically Survives 1E5ions/cm? Having an 

| LET <35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


TO-204AE 


— Symbol 
Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25MQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm2 for 500V product to 1E14n/em2 for 100V prod- 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain. 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = 425°C) Unless Otherwise Specified 


. 2N7322D, R, H UNITS 
Drain-Source Voltage. eee eee ee re er ee re ee er eer ees VDS -100 © Vv 
Drain-Gate Voltage (RGS = 20kQ)...... Nea aad Goa usa wie wrarhww Gace wae, 0 Reale Owe eee VDGR _.* 100 V- 
Continuous Drain Current . a 4 

NO S825 Cres usSeca tes ves ceees Me MOSTRAR Oke Ne heehee aaa eaeeenees ID 26 A. 

FOS HOOTG fcc woah ee has ead th Re Ree roel ae eareda sera ceanese ID 17 A 
PUISOd Drain CUNTOnit 5: anv o0ine heen bn S0's Sas niaiy Brewis Oooo we wwe eRe wees IDM | 78 A 
Gale-Source: VONAGE s424265-4n.ck bo rtcriceahe dewde cea iet aris eetiebees esaenes VGS +20 ov 
Maximum Power Dissipation a 

TSE ACO inc ta einen Cato e ene waldo a eee aa arew aU ea me eee hee anes PT 300 W 

TO SA 100C feces toreiae as ap aeawan ah were nae eeews bide me leeuute deh tale wo PT 120 WwW 

Derated Above 425°C 6.0.6.4 ssc bau vo abe whee Seren ose eee dow ere er eacuses 240 WwPC 
Inductive Current, Clamped, L = 100pH, (See Test Figure)....... 2. cece cee ene eeee ILM 78 A 
Continuous Source Current (Body Diode). ........ ccc ccc cect eee e eee ec een ceeeeees iS 26 A 
Pulsed Source Current (Body Diode) ........... ccc cece cece cece cer eencace eeeeee ISM 78 A. 
Operating And Storage Temperature... .... ccc cece ccc ccc ce eee seceeuce TJC, TSTG .. «55 to +150 °C 
Lead Temperature (During Soldering) | 4 

Distance > 0.063 in. (1.6mm) From Case, 10S Max.......cceccecceccecenccccences TL ~ 300 sc 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. _ : File Number 3266 
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@ HARRIS 2N7323D, 2N7323R 
SEMICONDUCTOR I2N/7323H 


REGISTRATION PENDING 


Currently Available as FRF9150(D, R, H) Radiation Hardened 
December 1992 | P-Channel Power MOSFETs 
Features Package 
¢ 23A, -100V, RDS(on) = 0.1400 TO-254AA 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRADXS)) 


- Defined End Point Specs at 300KRAD(Si) and 1000KRADX(Si) . 

- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(Si)Vsec at 80% BVDSS Typically 

- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 7.0nA Per-RAD(Si)/sec Typically Ss 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm* . D 

- Usable to 3E14 Neutrons/cm? 
Single Event = - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


— Symbol 
Description | 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 

TION hardened power MOSFETs of both N and P channel enhancement types | D 
with ratings from 100V to SOOV, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to: 1E14n/cm? for 100V prod- | 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- c 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of > 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 

exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 

exposures. Design and processing efforts are also directed to enhance survival to 

heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7323D, R, H UNITS | 
Drain-Source Voltage. ...... cc cece cece ween eee PL ee Oe eakedewmiakakan eamuenes VDS -100 
Drain-Gate Voltage (RGS = 20KQ). 2.0... cece cece cece teen ween tenes VDGR -100 
Continuous Drain Current 


<< 
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o 
Oo 
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” 
2) 
= 
< 
o 
- 


Gale-SOUlCe: VONRGS 6 20nd oon hwew td base tia GeeuKes bade Suwa eeoe teers VGS +20 
Maximum Power Dissipation 
WG SSCs 55 bed Save e pecky cues wb OS Mtoe OAs akan 6 he Renee eS dare Maidan eee PT 125 


1?) 


Inductive Current, Clamped, L = 100pH, (See Test Figure)... ... 0... cece cece ewes ILM 69 
Continuous Source Current (Body Diode)..... 2... cece cece cece ence cece ceere IS 23 
Pulsed Source Current (Body Diode) .... 0.0... cece cc cece ccc cece ccc eceeeeees ISM 69 
Operating And Storage Temperature... 0... kc ccc ce ccc cece e nce ccees TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) . 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... ccc cece cece cece cececes TL 300 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. File Number 93243 
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Specifications 2N7323D, 2N7323R, 2N7323H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 7 


LIMITS © a 
PARAMETER SYMBOL TEST CONDITIONS UNITS 


- 
Drain-Source Breakdown Volts | BvDss | VvGs=0,ID=imA =| 10 
Gate-Threshold Volts : 
Gate-Body Leakage Forward 
Gate-Body Leakage Reverse | iGssR VGS = +20V 


VDS = -100V, VGS = 0 
VDS = -80V, VGS = 0 . 
VDS = -80V, VGS = 0, TC = +125°C 


| A 


A 


Zero-Gate Voltage 


Drain Current A 


IAR 


VDS(on) | VGS =-10V, ID =23A 


RDS(on) VGS = -10V, ID = 15A . 


Rated Avalanche Current 


Drain-Source On-State Volts 
Drain-Source On Resistance 


Turn-On Delay Time td(on) VDD = -50V, ID = 23A 


Rise Time Pulse Width = 3ps 


Turn-Off Delay Time 


td(off) Period = 300ps, Rg = 25Q 


Fall Time 0<VGS s 10 (See Test Circuit) 


Gate-Charge Threshold QG(th) 


Gate-Charge On State QG(on) 

Gate-Charge Total VDD = -50V, ID = 23A 
IGS1 = !IGS2 

Plateau Voltage VGP 0<VGS <20 


Gate-Charge Source 


Gate-Charge Drain 


Diode Forward Voltage 


n 


Reverse Recovery Time 


V 
V 
n 
n 
m 
A 
V 
V 
V 
Junction-To-Case 
°C. 


Junction-To-Ambient - 


E1 = 0.5 BVDSS VC = 0.75 BVDSS 


VDD 


RL 
v1 


Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7323D, 2N7323R, 2N7323H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TYPE TEST CONDITIONS 


Drain-Source . (Note 4, 6) BVDSS 2N7323D,R | VGS=0,ID=1imA 
Breakdown Volts 
(Note 5, 6) BVDSS 2N7323H 

Gate-Source (Note 4, 6) VGS(th) | 2N7323D, AR 
Threshold Volts 

| (Note 3, 5, 6) VGS(th) | 2N7323H 
Gate-Body (Note 4, 6) IGSSF 2N7323D, R 
Leakage Forward 


(Note 5, 6) IGSSF °° {| 2N7323H 


VGS = 0, |ID=1mA 
VGS = VDS, ID = 1mA 
VGS = VDS, ID = 1mA 
VGS = -20V, VDS =0 
VGS = -20V, VDS = 0 


VGS = 20V, VDS =0 


Gate-Body (Note 2, 4, 6) 2N7323D, R 
Leakage Reverse 

(Note 2, 5, 6) 2N7323H 
Zero-Gate Voltage (Note 4, 6) | toss | 2N7323D, R 
Drain Current 

(Note 5,6 2NTS23H 


VGS = 20V, VDS = 0 
VGS = 0, VDS = -80V 


VGS = 0, VDS = -80V 


Drain-Source (Note 1,4,6) | VDS(on) | 2N7323D,R | VGS=-10V, ID=23A 
On-State Volts 
(Note 1,5, 6) } VDS(on) | 2N7323H VGS = -16V, ID = 23A 
Drain-Source (Note 1, 4, 6) RDS(on) | 2N7323D,R | VGS=-10V, ID=15A 
On Resistance 
(Note 1, 5, 6) RDS(on) }| 2N7323H VGS = -14V, ID = 15A 
NOTES: 
1. Pulse test, 300ps max 
2. Absolute value 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R”. Neutron = 3E13 
5. Gamma = 1000KRAD(Si). Neutron = 3E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 1/18/91 on TA 17751 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 | 
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2N7323D, 2N7323R, 2N7323H - Registration Pending 


Typical Performance Characteristics 


DRAIN AMPERES 
15 


ID 


DRAIN AMPERES 


ID 


AMPERES 


100 


DRAIN CURRENT 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


25 


20 


10 


3) 


0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET: 


AVALANCHE MODE 


1000 


100 


PE 


17751UIS 


100 1000 
TIME OF INDUCTIVE DISCHARGE uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


10 


751 PHOTO 


1E9 1E10 
GAMMA DOT RAD €SI)D / SEC 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


100 


10 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


=10 -100 
VDS  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


NEUTRONP | ° 


IEIS3 1E14 IETS 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


GAMMADOT 
-30 -100 -300 
DRAIN SUPPLY VOLTS 


it FARRIS 


SEMICONDUCTOR 


REGISTRATION PENDING 
Currently Available as FRM9250 (D, R, H) 


2N7324D, 2N7324R 


2N7324H 


Radiation Hardened 
December 1992 P-Channel Power MOSFETs 


Features Package 


¢ 16A, -200V, RDS(on) = 0.3000 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
e Gamma - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(SI) 
¢ Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
¢ Photo Current - 12nA Per-RAD(Si)sec Typically 
¢ Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. | 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


TO-204AA 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Drain-Source Voltage. 5 3.i.5oein et an Sacetiade ens evista heh wanwaa tesa date wees VDS 
Drain-Gate Voltage (RGS = 20KQ). 0... ccc cc cece cece eect eee eeeeeenees VDGR 


Continuous Drain Current 


TO AO ashe o's lamiatrers Sean Ware pow wh auc Lae Meals asus Oaal ee mea uae teas 
TGS 100C serosa wale data tke ate eeu came nweee en eawe ered eal 
Pulsed Drain CUCM iescis voto cova vee aaay eats Wate eae Seeks wane eae IDM 
Gale- Source Voltage osc swsiad ein he daewanevn bide Gudawds baw etewsesbdaus VGS 


Maximum Power Dissipation 
TO S420 O iroteeene Sata bud Seen el Gaw weed Le anda Ae nea a eeaat utes 


Inductive Current, Clamped, L = 100p1H, (See Test Figure)......... 0. cee eee cece eee 


Continuous Source Current (Body Diode)... 0.2... ... cece cece cece eee e eee eens 
Pulsed Source Current (Body Diode) ............ ccc ccc ce cece eet e eee eeeeeece ISM 
Operating And Storage Temperature. .... 0... ccc ccc cc cece cece ee eeees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece cee cece tee ee enees 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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2N7324D, R, H 


-55 to +150 


300 


UNITS 


<< 


>>ptss <>>> 


° 
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File Number 3267 | 


TRANSISTORS 


‘N 


V 


@ HARRIS 


SEMICONDUCTOR 


REGISTRATION PENDING 


Currently Available as FRF9250(D, R, H) 
December 1992 | , 


Features 


—2N7325D, 2N7325R 
2N7325H 


Radiation Hardened 
P-Channel Power MOSFETs 


Package 


° 14A, -200V, RDS(on) = 0.315Q 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - =» Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 

- Performance Permits Limited Use to 3000KRAD(SI) 
e Gamma Dot _ - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 

_ « Survives 2E12 Typically if Current Limited to IDM 

e Photo Current - 12.0nA Per-RAD(Si)/sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 

- Usable to 1E14 Neutrons/cm* 
¢ Single Event - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 


Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 


desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Diailt-Source: Voltage cides cia didewirder need ddan cweteos sh eeee ele et eet Seeen ees VDS 
Drain-Gate Voltage (RGS = 20kKQ)... 0... ce ccc ccc cece nce t ec ce eee teeenes VDGR 
Continuous Drain Current 

S25 Csi dais eetew eared ete Gel ae Ce ID 


Gate-Source VOlaGe ss sisi os aioe aaa tines Saat ia hs auto tea oa be a aeeearees VGS 
Maximum Power Dissipation 
AOS 28 CS Fe ci coe oe Phasing Oea eae Coes See awas eas enew out ne ds ee bowed as PT 


Inductive Current, Clamped, L = 100uH, (See Test Figure)... ........ 2. cece eee eee ILM 
Continuous Source Current (Body Diode). ......... cece ccc cece cence tence cecencues IS 
Pulsed Source Current (Body Diode) .......... cc eee eect cree e cc eeceseescees ISM 
Operating And Storage Temperature. .......... ccc cece cece cece eee ee tenes TJC, TSTG 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10s Max............ Micsicse Soe watatiwace Te 


TO-254AA 


Symbol 


2N7325D, R,H | UNITS 
-200 
-200 


ho 
ol 
< 
>>r iste <P>rr << 


-55 to +150 


° 
Q 


300 °C: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number. 3247 
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Specifications 2N7325D, 2N7325R, 2N7325H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


Drain-Source Breakdown Volts BVDSS_. 
Gate-Threshold Volts 
Gate-Body Leakage Forward VGS = -20V 
Gate-Body Leakage Reverse VGS = +20V 


LIMITS 


PARAMETER UNITS 


< 


om, 
=) 
o 
=) 

> 


~_—_ 
oO 
Oo 
=} 

> 


Zero-Gate Voltage VDS = -200V, VGS = 0 


Drain Current VDS = -160V, VGS =0 
VDS = -160V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR | Time=2098 

Drain-Source On-State Volts VGS = -10V, ID=14A 

Drain-Source On Resistance VGS = -10V, ID =9A 

Turn-On Delay Time VDD = -100V, ID = 14A | 

Rise Time | a er Pulse Width = 3ps 
en 


-4.63 


nD 
< 


0.315 


Turn-Off Delay Time td(off) Period = 300pus, Rg = 25Q 658 


ine) 
~] 
Cc 


Fall Time 


Gate-Charge Threshold QG(th) 


0<VGS ¢ 10 (See Test Circuit) 


NO 
> 
[oe] 


Gate-Charge On State QG(on) 


Gate-Charge Total Q VDD = -100V, ID = 14A 


IGS1 = IGS2 
0<VGS < 20 


Plateau Voltage V 


V 


es 


Diode Forward Voltage 


ine) 


TBD 


IA 

tr 

G 

G 

Gate-Charge Source 

G 

S 
Reverse Recovery Time TT 
Qjc 


Gate-Charge Drain 


Junction-To-Case 


R 
M 
p 
D 
D 


°C/W 
Junction-To-Ambient 


RO = 
> oO 
PO ine) 


EE 
oo 


op) 
oc 
‘e) 
a 
” 
VDD E1 =0.5 BVDSS VC = 0.75 BVDSS Z 
RL oc 
v1 - 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7325D, 2N7325R, 2N7325H - Registration Pending 


| syBo. F seks restconpmions [win | MAX | UNTS” 
avoss | anvazso,a | vas-0,10-1ma | 200 | - |v 
BVDSS | 2N7325H | VGS=0,ID=1mA 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER 


Drain-Source (Note 4, 6) 
Breakdown Volts 


(Note 5, 6) 


2N7325D,R =} VGS=VDS,!ID=1mA 
2N7325H | VGS=VDS,ID=1mA 


Gate-Source (Note 4, 6) 
Threshold Volts | 


VGS(th) 


(Note 3, 5,6) | VGS(th) 


Gate-Body IGSSF 


Leakage Forward — 


(Note 4, 6) 


2N7325D,R | VGS =-20V, VDS =0 
2N7325H © VGS = -20V, VDS = 0 


(Note 5, 6) 


(Note 2, 4, 6) 


Gate-Body 
Leakage Reverse 


(Note 2, 5, 6) - 


BND, A 
BNTS250, A 


2N7325H ~—s ||-:« VGS = -16V, ID= 14A 


2N7325D,R | VGS=-10V, ID =9A 


2N7325D,R_ | VGS =20V, VDS = 0 


Zero-Gate Voltage —_ (Note 4, 6) 
Drain Current 


(Note 5, 6) 


(Note 1, 4, 6) 


Drain-Source 
On-State Volts 


VDS(on) 


Ve 
V.. 
V 
nA 
nA 


(Note 1, 5,6) | VDS(on) 


Drain-Source (Note 1, 4, 6) 
On Resistance 


RDS(on) 


(Note 1, 5,6) | RDS(on) 0.473 


-4.0 
-4.63 


2N7325H VGS = -14V, ID =9A 


NOTES: 
1. Pulse test, 300s max 
2. Absolute value. ; 
3. Gamma = 300KRAD(Si) 
4. Gamma = 10KRAD(Si) for “D”, 100KRAD(Si) for “R®. Neutron = 1E13 
- 5. Gamma = 1000KRAD(Si). Neutron = 1E13 
6. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 
7. Gamma data taken 7/21/90 on TA 17752 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


PA 19401 
8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
9. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 
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2N7325D, 2N7325R, 2N7325H - Registration Pending 


|. Typical Performance Characteristics 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


DRAIN CURRENT 


AMPERES © 


100 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE 


FRF82501DT, 
0 50 100 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 


400 


AVALANCHE MODE 


100 


~~ 


1000 4000 
TIME OF INDUCTIVE DISCHARGE  uS 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 


10 


FRFO2SOPHOTO 


1E10 
RAD CSI) 7 SEC 


1E9 
GAMMA DOT 
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DRAIN AMPERES 


1D 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


10 


1 ; 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


FRF9250S0A __- . 
-10 -100 


VDS_ ORAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


NEUTRONP 


1E13. E14 E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INOUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


” 
S 
= 
oY 
2] 
= 
<_< 
o 
- 


-300 
DRAIN SUPPLY VOLTS 


=D: -100 


SEMICONDUCTOR 


MHaRRIs  2N7328D, 2N7328R 


_ 2N7328H 


REGISTRATION PENDING apn 

Currently Available as FRK9160(D, R, H) | | Radiation Hardened 

December 1992 P-Channel Power MOSFETs 
Features Package 


e 40A, -100V, RDS(on) = 0.085Q 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 
| - Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 
- Performance Permits Limited Use to 3000KRAD(Si) 
¢ Gamma Dot - Survives 3ESRAD(Si)sec at 80% BVDSS Typically 
- Survives 2E12 Typically if Current Limited to IDM 
e Photo Current - 10.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? 
- Usable to 3E14 Neutrons/cm? 
¢ Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm’ and a Range = 30um at 80% BVDSS 


TO-204AE 


we Symbol 
Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- oD 
TION hardened power MOSFETs of both N and P channel enhancement types | 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/em? for 100V prod- G 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. Ss 
This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 
This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 
Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 
| : 2N7328D, R, H UNITS 
Draln-SOurce VONGOG <5 :5 i sb skd Se wee seek Mhawa ea daeudad san tesawadoone VDS -100 V 
Drain-Gate Voltage (RGS = 20KQ). «0... cece ccc cece ete ee twee recess ereees VDGR -100 Vv 
Continuous Drain Current 
PS OSC vi tasbiin aun stl hrn os wand spa tales Wi oS WN UES AG BE he a Oa eae eee 40 A 
TO SAIOUC coi cate ruc ta toate Hees eel ee eR GaSe Phu wea ind cGaloneus eld 26 A 
Pulsed Drain COME. vs5024 5 escent acd vee caw teeren fhe auens Ca eae ee ees eae IDM 100 A 
Gate-Source Voltage 5.6 cate cks Coieawn oid wateadeaseldada ceitadebvicweeewe VGS +20 V 
Maximum Power Dissipation 
NOH 425 © cacwiat nse On unacninti stir eee te aeee ue tebe Tereurantes eens 300 W 
WOO Gets hs ccc? ondga se diay oataurd eae eea ae Mew ele able Sanita earns aan 120 W 
Derated Above +29°C 3.3 wid sweatin ep ere we peur etewa tate adweeehhe swawen cous 2.40 WPC 
Inductive Current, Clamped, L = 100yH, (See Test Figure)... 1.2... cece ee cee ee eee ILM 100 A 
Continuous Source Current (Body Diode)... 0... . cc ccc cect cece e eect eee cenceeces | 40 A 
Pulsed Source Current (Body Diode) .......... cece ee cece cect eee teen eeeenes ISM 100 A 
Operating And Storage Temperature. ..... 6... ect ce cee cece eee ceeeees TJC, TSTG -55 to +150 °C 
Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max...... csc cece cece cc en cece ecens 300 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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File Number 3244 


Specifications 2N7328D, 2N7328R, 2N7328H - Registration Pending 


Pre-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 
TEST CONDITIONS ae 
a Se 
Gate-Body Leakage Reverse | 100 
0.25 


VDS = -100V, VGS = 0 


VDS = -80V, VGS = 0 
-3.57 


VDS = -80V, VGS = 0, TC = +125°C 
0.085 


PARAMETER 


Drain-Source Breakdown Volts 


Zero-Gate Voltage 
Drain Current 


Rated Avalanche Current | AR | Time=20n8 
Drain-Source On-State Volts 
Drain-Source On Resistance 
Turn-On Delay Time VDD = -50V, ID = 40A 
Rise Time a Pulse Width 7 SES 

ee 


Turn-Off Delay Time Period = 300us, Rg = 10Q 


Fall Time 


t 
Gate-Charge Threshold QG(th) 


0<VGS s 10 (See Test Circuit) 


Gate-Charge On State QG(on) 

Gate-Charge Total } OGM VDD = -50V, ID = 40A 
IGS1 = IGS2 

Plateau Voltage | ver 0<VGS < 20 

Gate-Charge Source | aes 


Gate-Charge Drain 


Diode Forward Voltage p VSD ID = 40A, VGD = 0 
Reverse Recovery Time a ae | = 40A; di/dt = 100A/ps 
Free Air Operation 


-4.0 
100 
100 
1 
150 
700 
500 
138 
TBD 
0.42 


Junction-To-Case 


IAR 
d(off) 
VGP 
QGD 
VSD 
TT 
Réjc 


Junction-To-Ambient 


7) 
S 
= 
” 
VDD 0 
E1=0.5 BVDSS VC = 0.75 BVDSS z 
RL oc 
v1 r 
Rg 
FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7328D, 2N7328R, 2N7328H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETER ~~ SYMBOL TEST CONDITIONS poi | MAX | UNITS 


Drain-Source ‘ (Note 4, 6) V 
Breakdown Volts 
(Note 5, 6) 


Gate-Source (Note 4, 6) 
Threshold Volts 
(Note 3, 5, 6) VGS = VDS, |D= 1mA 


a 
o 


—_ 
© 
oO 
> 


Gate-Body (Note 4, 6) 
Leakage Forward 
(Note 5, 6) 


Gate-Body (Note 2, 4, 6) 
. Leakage Reverse 
(Note 2, 5, 6) 


ND 


Zero-Gate Voltage (Note 4, 6) 
Drain Current 
- (Note 5, 6) 


Drain-Source (Note 1, 4, 6) 
On-State Volts 
(Note 1, 5, 6) 


Drain-Source (Note 1, 4, 6) 
On Resistance 
(Note 1, 5, 6) 


es ee 
oe 
hoes 
ceed 
—s 
a 
ae 
ee 
= 
La 
ss 
bos 
Le 


NOTES: 
1. Pulse test, 300ps max 
. Absolute value 
. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D’, 1OOKRAD(Si) for “R”. Neutron = 3E13 
. Gamma = 1000KRAD(Si). Neutron = 3E13 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 


. Gamma data taken 6/8/90 on TA 17761 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, PA 
19401 


. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 
. Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


NO oO ff GD PM 


Oo © 
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2N7328D, 2N7328R, 2N7328H - Registration Pending 


Typical Performance Characteristics 


MAXIMUM CONTINUQUS DRAIN CURRENT 
VS CASE TEMPERATURE 


idg) 
Lu 
(am 
Lu 
Qa. 
> 
(om 
z 
c 
~~ 
OQ 
ca 
M916010T 
0 50 100 
TC CASE TEMPERATURE C 
ot TYPICAL UNCLAMPED INDUCTIVE 
lo SWITCHING FAILURE ONSET 
(dp) 
oe AVALANCHE MODE 
ae 
= 
fam 
ie 
a 
Oo 
a 
M9160UIS 
1000 5000 
TIME OF INDUCTIVE DISCHARGE uS 
i TYPICAL PHOTO CURRENT 
Oc 
iW VERSUS GAMMA RATE 
= 
co 
oO 
me 
za 
Lu 
Or 
aa 
=) 
fe 
= 
om 
jag 
OQ 


M91 BOPHOTO 


1E10 
RAD €SI) / SEC 


1E9 
GAMMA DOT 
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DRAIN AMPERES 


ID 


NORMALIZED RDSCON) 


LIMITING INDUCTANCE - HENRY 


100 


10 


Le=4 


VWe=5 


le-6 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


M91B0SO0A 


-10 - 100 
VDS  DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 
VERSUS NEUTRON FLUENCE 


P CHANNEL 


NEUTRONP 


EIS 1E14 1E15 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


TRANSISTORS 


GAMMADOT 
-300 
DRAIN SUPPLY VOLTS 


=D - 100 


m ye  ..§ 2N7329D, 2N7329R 
MARRS | 2QN7329H 


PRELIMINARY REGISTRATION PENDING a 
Currently Available as FRE9160(D, R, H) — 4 Radiation Hardened 
January 1993 | : P-Channel Power MOSFETs 


Features | Package 
¢ 30A, -100V, RDS(on) = 0.0950 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


e Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 

- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(Si) 

- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)sec at 80% BVDSS Typically 

- Survives 2E12 Typically If Current Limited to IDM 
e Photo Current - 10.0nA Per-RAD(Si)/sec Typically S 
e Neutron - Pre-RAD Specifications for 3E13 Neutrons/cm? D 

- Usable to 3E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 

LET < 35MeV/mg/cm? and a Range > 30um at 80% BVDSS 


~ TO-258 


te Symbol 
Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 
TION hardened power MOSFETs of both N and P channel enhancement types 

with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 

Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 

hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- G 

uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 

iting and 2E12 with current limiting. Heavy ion survival from signal event drain 

burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. S 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7329D, R, H UNITS 
Dialn-SOUlCe VONAGG resonate caGaG el evsaweew tela Nowe sla tedees sae edeees VDS -100 
Drain-Gate Voltage (RGS = 20kKQ). 00... cece ccc cece e nent eee eeanes VDGR -100 
Continuous Drain Current 
NO SA 20°C cise oe oot Hote eau ead 06 is nasa PATER wae eae RE wasewese ID 30 


EUBEG OFain CUNCOE ss i ¢accb aw soe aatk oe wales are Wes cae Sw ad ewe a kare em eres IDM ~ 90 
Gate-Source Voltage iicsiccaiie sete Sua eicie Vine dicnek eee baGe es cued seek sek VGS +20 
Maximum Power Dissipation 

Mp OR hag al cuca areata ietaclev at aiid Coa dsn Aap ee WN DN Er wlio Aa Im Set piers PT 150 


Inductive Current, Clamped, L = 100yH, (See Test Figure).............. ec ee eee eee ILM 90 
Continuous Source Current (Body Diode). ....... 0... cc cece cece cere erences naens IS 30 
Pulsed Source Current (Body Diode) ........... cc cece cece cee cece ce eeees ...-. ISM 90 
Operating And Storage Temperature. .... 0... . ccc cece cece eee eee ee anes TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) 

Distance > 0.063 in. (1.6mm) From Case, 10S Max......... cece cece eee cece eens TL 300 


>>>oess <>>> << 


° 
.?) 


° 
1?) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. FileNumber 3268 
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mHaRRis  2N7330D, 2N7330R 
HARRIS hea 


REGISTRATION PENDING 


Currently Available as FRK9260(D, R, H) Radiation Hardened 
December 1992 P-Channel Power MOSFETs 
Features Package 
¢ 26A, -200V, RDS(on) = 0.200Q TO-204AE 
¢ Second Generation Rad Hard MOSFET Results From New Design Concepts 
¢ Gamma - Meets Pre-Rad Specifications to 100KRAD(Si) 


- Defined End Point Specs at 300KRAD(SI) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 


¢ Gamma Dot - Survives 3E9RAD(SiVsec at 80% BVDSS Typically 
- Survives 2E12 Typically tf Current Limited to IDM 


e Photo Current - 18.0nA Per-RAD(Si)sec Typically 
e Neutron - Pre-RAD Specifications for 1E13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm* 
e Single Event  - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30um at 80% BVDSS 


Description 
The Harris Semiconductor Sector has designed a series of SECOND GENERA- D 


TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
G 


hardness ranging from 1E13n/em? for SO0V product to 1E14n/em? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. = 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High- Berney Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


2N7330D, R, H UNITS 
Drain-SOUnce VONAGG a 25d aes on SSG Sa Heda SE eee dw eeeaa Nea Pere VDS | -200 
Drain-Gate Voltage (RGS = 20KQ)... 0... ccc ccc ce cece eevee ee eeeeeees VDGR — -200 
Continuous Drain Current 


TRANSISTORS 


Gate-Source Voltage ...... 0... ccc cece cnc ccc reece cc enceceeeescececsseccees VGS +20 
Maximum Power Dissipation 
TOS E2SO cco deter cdaee same tnwk oieesdt nieuw moee eee kw eeeetas PT 300 


Q 


Inductive Current, Clamped, L = 100yH, (See Test Figure).......... 0. cece eee eee eee ILM 78 
Continuous Source Current (Body Diode)... 12... eee cece cece te ce cere eeeeneecs IS 26 
Pulsed Source Current (Body Diode) .......... ccc ccc cee ene c eee ee ee eseens ISM 78 
Operating And Storage Temperature... 1... cc ccc cee ccc cece teen eee TJC, TSTG -55 to +150 
Lead Temperature (During Soldering) . 

Distance > 0.063 in. (1.6mm) From Case, 10S Max... .... ccc ccc e cece cece ee eeee TL 300 


>>rdss <>>> << 


° 
\@) 


° 
@) 


CAUTION: These devices are sensitive to plecirostate discharge. Users should follow proper |.C. Handling Procedures. File Number 3248 
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Specifications 2N7330D, 2N7330R, 2N7330H - Registration Pending 


Pre-Radiation Electrical Specifications Tc = +25°C, Unless Otherwise Specified 


aa TEST CONDITIONS 


BVDSS VGS = 0, ID = 1mA 


LIMITS. * 


PARAMETER 


Drain-Source Breakdown Volts 


Gate-Threshold Volts ~ VGS(th) | VDS=VGS, ID=1ma 
Gate-Body Leakage Forward VGS = -20V 


VDS = -200V, VGS = 0 
VDS = -160V, VGS = 0 
VDS = -160V, VGS = 0, TC = +125°C 


Rated Avalanche Current | AR | Time=205 
Drain-Source On-State Volts 
Drain-Source On Resistance | DS(on) | VGS = -10V, ID = 17A : 
Turn-On Delay Time VDD = -100V, ID = 26A 
Rise Time Lee | 
Turn-Off Delay Time 
Fall Time ae 
Gate-Charge Threshold 


Gate-Charge On State 


Gate-Body Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Pulse Width = 3ps 
Period = 300s, Rg = 100 


0<VGS < 10 (See Test Circuit) 


Gate-Charge Total VDD = -100V, ID = 26A 


IGS1 = IGS2 
0<VGS < 20 


Plateau Voltage 
Gate-Charge Source 
Gate-Charge Drain 


Diode Forward Voltage 


vGP 

VSD ID=26A,VGD=0 

TT | = 26A; di/dt = 100A/us 
a 


Reverse Recovery Time 


Junction-To-Case 


V 
V 
nA 
nA 
mA 
Vv 
V 
V 
°C/W 
Junction-To-Ambient — . 


Free Air Operation p80 


VDD E1 = 0.5 BVDSS VC = 0.75 BVDSS © 


RL 
v1 


Rg 


FIGURE 1. SWITCHING TIME TESTING FIGURE 2. CLAMPED INDUCTIVE SWITCHING, ILM 
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Specifications 2N7330D, 2N7330R, 2N7330H - Registration Pending 


Post-Radiation Electrical Specifications TC = +25°C, Unless Otherwise Specified 


PARAMETER 


Drain-Source 
Breakdown Volts 


Gate-Source 
Threshold Volts 


Gate-Body 
Leakage Forward 


Gate-Body 
Leakage Reverse 


Zero-Gate Voltage 
Drain Current 


Drain-Source 
On-State Volts 


Drain-Source 
On Resistance 


NOTES: 


(Note 4, 6) 
(Note 5, 6) 
(Note 4, 6) 
(Note 3, 5, 6) 
(Note 4, 6) 
(Note 5, 6) 
(Note 2, 4, 6) 
(Note 2, 5, 6) 
(Note 4, 6) 
(Note 5, 6) 
(Note 1, 4, 6) 
(Note 1, 5, 6) 
(Note 1, 4, 6) 


(Note 1, 5, 6) 


1. Pulse test, 300j1s max 


. Absolute value 


N OO & WD NH 


PA 19401 


8. Single event drain burnout testing by Titus, J.L., et al of NWSC, Crane, IN at Brookhaven Nat. Lab. Dec 11-14, 1989 


. Gamma = 300KRAD(Si) 
. Gamma = 10KRAD(Si) for “D”, 1O0KRAD(Si) for “R”. Neutron = 1E13 
. Gamma = 1000KRAD(Si). Neutron = 1E13 
. Insitu Gamma bias must be sampled for both VGS = -10V, VDS = OV and VGS = OV, VDS = 80% BVDSS 

. Gamma data taken 6/12/90 on TA 17762 devices by GE ASTRO SPACE; EMC/SURVIVABILITY LABORATORY; KING OF PRUSSIA, 


SYMBOL 


VGS(th) 
VGS(th) 
IGSSF 


2N7330D, R 
2N7330H 
2N7330D, R 
2N7330H 
2N7330D, R 
2N7330H 
2N7330D, R 
2N7330H 
2N7330D, R 
2N7330H 
2N7330D, R 
2N7330H 
2N7330D, R 


2N7330H 


9, Neutron derivation, HARRIS Application note AN-8831, Oct. 1988 


TEST CONDITIONS 


VGS = 0, 1ID= 1mA 


VGS = 0, ID= 1mA 


VGS = VDS, ID = 1mA 
VGS = VDS, ID = 1mA 
VGS = -20V, VDS = 0 
VGS = -20V, VDS = 0 
VGS = 20V, VDS = 0 
VGS = 20V, VDS = 0 
VGS = 0, VDS = -160V 
VGS = 0, VDS = -160V 
VGS = -10V, ID = 26A 


VGS = -16V, ID = 26A 


VGS =-10V, ID=17A 


VGS = -14V, ID=17A 
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TRANSISTORS 


Typical Performance Characteristics — 


DRAIN AMPERES 


ID 


DRAIN AMPERES 


ID 


AMPERES 


100 


DRAIN CURRENT 


1000 
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2N7330D, 2N7330R, 2N7330H - Registration Pending — 


MAXIMUM CONTINUOUS DRAIN CURRENT 
VS CASE TEMPERATURE . 


MO2B0PDT 


0 50 100 — 
TC CASE TEMPERATURE C 


TYPICAL UNCLAMPED INDUCTIVE 
SWITCHING FAILURE ONSET 
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Ss 


100 ~ 1000 


TIME OF INDUCTIVE DISCHARGE | us. 


TYPICAL PHOTO CURRENT 
VERSUS GAMMA RATE 
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DRAIN AMPERES 


1D 


NORMALIZED ROSCON) 


LIMITING INDUCTANCE - HENRY 


SAFE OPERATING AREA CURVE 
CASE TEMPERATURE=25 C 


-10 -100 
VDS - DRAIN-TO-SOURCE VOLTS 


NORMALIZED ON RESISTANCE 


NEUTRONP 


1EI9. «- 1EI4.~—sdT EIS 
FLUENCE - NEUTRONS/CM2 


DRAIN INDUCTANCE REQUIRED 
TO LIMIT GAMMA DOT CURRENT 
TO ILM 


GAMMADOT 
-300 
DRAIN SUPPLY VOLTS — 


-30 - 100 


FARRIS 


SEMICONDUCTOR 


PRELIMINARY REGISTRATION PENDING 
Currently Available as FRE9260 (D, R, H) 


January 1993 P-Channel Power MOSFETs 


Features 
e 19A, -200V, RDS(on) = 0.2100 
e Second Generation Rad Hard MOSFET Results From New Design Concepts 


¢ Gamma . - Meets Pre-Rad Specifications to 100KRAD(SI) 
- Defined End Point Specs at 300KRAD(Si) and 1000KRAD(SI) 
- Performance Permits Limited Use to 3000KRAD(Si) 
e Gamma Dot - Survives 3E9RAD(Si)/sec at 80% BVDSS Typically 
- Survives 2E12 Typically If Current Limited to IDM 
¢ Photo Current - 18.0nA Per-RAD(Si)/sec Typically 
¢ Neutron - Pre-RAD Specifications for 1£13 Neutrons/cm? 
- Usable to 1E14 Neutrons/cm? 
e Single Event = - Typically Survives 1E5ions/cm? Having an 
LET < 35MeV/mg/cm? and a Range 2 30,1m at 80% BVDSS 


Description 


The Harris Semiconductor Sector has designed a series of SECOND GENERA- 
TION hardened power MOSFETs of both N and P channel enhancement types 
with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mQ. 
Total dose hardness is offered at 100K RAD(Si) and 1000KRAD(Si) with neutron 
hardness ranging from 1E13n/cm? for 500V product to 1E14n/cm? for 100V prod- 
uct. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current lim- 
iting and 2E12 with current limiting. Heavy. ion survival from signal event drain 
burn-out exists for linear energy transfer (LET) of 35 at 80% of rated voltage. 


This MOSFET is an enhancement-mode silicon-gate power field effect transistor of 
the vertical DMOS (VDMOS) structure. It is specially designed and processed to 
exhibit minimal characteristic changes to total dose (GAMMA) and neutron (n°) 
exposures. Design and processing efforts are also directed to enhance survival to 
heavy ion (SEE) and/or dose rate (GAMMA DOT) exposure. 


This part may be supplied as a die or in various packages other than shown above. 
Reliability screening is available as either non TX (commercial), TX equivalent of 
MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S- 
19500. Contact the Harris Semiconductor High-Reliability Marketing group for any 
desired deviations from the data sheet. 


Absolute Maximum Ratings (TC = +25°C) Unless Otherwise Specified 


Diain-SOUICe: VOILA Cvics exe eae ee cn Soa ee eke Hk A ON ORS EN Re ers 
Drain-Gate Voltage (RGS = 20KQ).. 0... cc cee ccc cee ccc cece ene ee scene V 
Continuous Drain Current 


Gale-SOurce Voltage é.xaic ties eeero Saat e dca ac kage odin waded geese’ 
Maximum Power Dissipation 
NG S825 6 535 week ait cag cnt Oe hone Bo nan eae ee eee be wees 


Inductive Current, Clamped, L = 100uH, (See Test Figure)... .......... ccc ee eee ee eee 
Continuous Source Current (Body Diode). ....... ccc ccc e een teeter ee eteees 
Pulsed Source Current (Body Diode) .......... 0. cc ccc cc cece eee ee cece ences 


2N7331D, 2N7331R 
2N7331H 


Radiation Hardened 


Package 


TO-258 


Symbol 


ISM 


Operating And Storage Temperature... . 0... ccc ce ccc cee cece ee eees TJC, TSTG 


Lead Temperature (During Soldering) 
Distance > 0.063 in. (1.6mm) From Case, 10S Max... ...... cece cece cece ee een eae 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. 
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SYNCHRONOUS OPERATION OF HARRIS RAD HARD SOS 64K 
ASYNCHRONOUS SRAMs 


Author: Steve Rivet 


The Harris SOS 64K SRAMs provide excellent single event 
and total dose hardness, and fast access and cycle times. 
The HS-65643RH and HS-65647RH were designed as stan- 
dard pinout asysnchronous circuits; they can, however, be 
used in systems that require their speed and radiation resis- 
tance, but have been designed for synchronous memories. A0-A7 A0-A7 
The addition of two HCS373 or HCTS373 to latch the 
address location on the falling edge of the chip enable signal 


E ORE 


will make the HS-65643RH and HS-65647RH appear as ae 
synchronous memories to the system. The only difference in HS-65647RH 


signal wiring need to use the asynchronous circuits it to 
route the address lines through the 373’s and connect the E 
or E1 signal to the 373’s LE pin as shown in Figure 1. 


The HCS373 and HCTS373 are both fabricated with SOS 
technology; each circuit is available hardened to 200K RADs 
or 1M RADs, and has excellent single event immunity. The 
addition of the latches will delay the address inputs to the 
SRAMs by a maximum of 39ns (over temperature, VDD, and 
1M RAD total dose), so system timing should be analyzed 
accordingly. Even with the additional delay of the latches, 
address access time is a maximum of 89ns (for a 50ns 
SRAM access time). FIGURE 1. 


A8-A15 
OR 
A8-A12 
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Application Note 9011 
HS-65643RH, HS-65647RH Asynchronous Read Cycles 


READ CYCLEI: WHIGH;G,ETLOW -- READCYCLE I: WHIGH ~ 


Sk ADDRESS! *#& . ADDRESS2 3% 


VA 
S 


° , TAVQV 
OOOO) : a OOOO 
ET SSxxxe ERR KRK KARE KR NR 
SO. 0, 0.0.0 oO) 4 0°00 0° @:: e's" ee e"b SOLO H OOOOH OOCOO 

eeatetetenees: DATA 1 ; 
.O.0 0.0. 6.0 @ o' / 4 0.0.0.0. ©.  . 0: 0.@ 0.0.0: TELQV 
. . TEHQZ 
TELQX 


7 “e%s"e"e 1", FeV ater, 
SEEOeP Oereron 
Q QSSNG rereey 
OOO eu" o'o'o'? 


HS-65643RH, HS-6547RH Asynchronous Write Cycles 


WRITE CYCLE I: LATE WRITE - WRITE CYCLE Il: EARLY WRITE - CONTROLLED BY E, Et 
TAVAX ane Nektar : 
i: . A. Se 
_ TAVWL 


TWHOX | Et 
awe | | TDVEH TEHDX 
en | . ; 


D Cfo Se 
D aD 


raeatenianeeacanetaconseaeaneeatenen SES 
QBS HWS OK) 
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HS-65643RH, HS-65647RH Synchronous Operation 


READ CYCLE 
TAVQV 
TELAX TAVEL 
TAVEL be 
A = Kain ADDR SER KER NEXT | ADD 


TEHQZ 
TEHQZ 
BRR VALID DATA 
ecece, eetetetes 
ie a 
TELQX 
WRITE CYCLE 
TELAX 
TAVEL 
TAVEL 
£55555 5e5 oN OOOOOOOOOO 559252525252 50525 OS 
SOLES arerererererereteteroretorerereete, PROR5C5 ne, 
A SSO VALID] ADD) Aotetelerotoneraroneteretorereseceneneeeen (NEXT ADD 


i 


TWLEH 
TWLWH 
WV II~=NN V/VTINN 
TELWH 
TDVWH 
TWHDX 
2S EX nun aa 


The address information is latched in the HSC373's on the 


falling edge of E or E1; minimum address setup and hold 
time requirements at the SRAM must be met. After the re- 
quired hold time, the addresses may change state without 


affecting device operation. W must remain high throughout . 


the read cycle. After the data has been read, E or E1 may re- 
turn high. This will force the output buffers into a high im- 
pedance mode after TEHQZ elapses. 


The write cycle is initiated on the falling edge of E or Et 
which latches the address information in the HCS373’s. 
TDVWH and TWHDX at the SRAM inputs must be met for 
proper device operation. If E or E1 rises before W rises, ref- 
erence data setup and hold times to the EorE1 rising edge. 
The write_operation is terminated _by the first rising edge of 
W, E, or E1. After the minimum E high time (TEHEL), the 
next cycle may begin. If a_series of consecutive write cycles 
are to be performed, the W line may be held low until all de- 
sired locations have been written. In this case, data setup 
and hold times must be referenced to the rising edge of E or 
El. 
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SPECIAL ESD CONSIDERATIONS FOR THE HS-65643RH AND 
HS-65647RH RADIATION HARDENED SOS SRAMs 


Author: Steve Rivet 


The HS-65643RH and HS-65647RH SRAMs are fabricated 
on TSOS4, an advanced 1.25mm dual level metal silicon on 
sapphire process. The sapphire substrate used in this pro- 
cess is an excellent electrical insulator, and allows the 
SRAMs to operate in a wide variety of extremely severe radi- 
ation environments; however, the sapphire is also a good 
thermal insulator, which makes dissipation of heat generated 
in ESD protection devices difficult. This situation leads to 
ESD immunity levels of 1000V - 2000V (HBM testing) for 
these SRAMs. 


Until recently, the human body model (HBM) was the 
accepted standard for the evaluation of a semiconductor’s 
susceptibility to electrostatic discharge induced damage. 
The charged device model (CDM) was proposed by Speak- 
man (1) in 1974 to more accurately model the electrostatic 
discharges most commonly resulting in damage to current 
generation, small geometry semiconductors; the CDM is 
now generally accepted as the best approximation. to 
charged metal surfaces, the worst case situation generally 
encountered. The equivalent circuit for this model is shown 
in Figure 1, and a test circuit implementing the model is 
shown in Figure 2. The voltage threshold levels at which 
damage to semiconductor devices occurs is typically much 
lower for CDM than HBM waveforms; the failure modes are 
also significantly different. 


DEVICE PARAMETERS 


CONTACT 
RESISTANCE 
RC 


FIGURE 1. CDM EQUIVALENT CIRCUIT PROPOSED BY 
BOSSARD, CHEMELLI AND UNGER 


During HBM discharges the voltage rise at the stressed pin 
is slow enough for active protection devices to turn on. The 
failure mechanism is normally metal penetration of the pro- 
tection device junctions (2), or melting of the input or output 
protection resistors (3). CDM discharges are oscilla- tory, 
and have very fast voltage rise times. Active protection 
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devices do not have time to turn on to their low impedance 
state; failure modes are typically punctures of the gate or 
field oxides (4). 


BIPOLAR 
CHARGING 
SUPPLY 


, SW2 (POWER SOURCE 
TRIGGER RELAY) 


iis 


FIGURE 2. CHARGED DEVICE MODEL TEST CIRCUIT PRO- 
POSED BY BOSSARD, CHEMELLI AND UNGER 


OSCILLOSCOPE 
Zin = 50 


HBM testing of the SRAMs has shown an immunity level of 
1000V for the HS-65643RH and 1200V for the HS- 
65647RH. The most sensitive pins are I/O’s, where the metal 
migrates into the source of the N or P channel output device. 
(See Figure 3 for input, Figure 4 for I/O, protection struc- 
tures. Figure 5 shows the gated diodes in cross section.) 
This failure mode is consistent with the HBM damage 
observed by Pierce (2). Input pins, however, fail at levels 
800V to 1000V higher than I/O's; in these pins melting of the 
P+ epi resistor (which is thermally and electrically insulated 
in TSOS4) is the failure mode. 


3um GATE 


FIGURE 3. 
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3yum GATE 


P-DRIVER >—d 


N-DRIVER >——{ 


TO INPUT 


FIGURE 5. TSOS4 GATED DIODE INPUT 


CDM testing of the HS-65643RH and 65647RH has not yet 
been performed. Failure modes for HBM testing of TSOS4 
material are consistent with those already documented for JI 
material; results of CDM waveform testing for the TSOS4 
devices are also expected to yield correspondingly lower 
immunity levels. 


The fairly low ESD immunity levels characteristic of these 
SRAMs (and consequently, of other circuits produced on 
SOS processes) dictate that ESD prevention measures be 
scrupulously administered. Precautions related to grounding 
personnel and work stations are insufficient; any automated 


~ handling equipment must be carefully evaluated for accumu- 


lation of CDM-like static charge. A good static control pro- 
gram will allow the use of these high performance, extremely 
hard devices while maintaining the highest quality and reli- 
ability standards designed and built into them. 
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‘Basic Operating Principles for 
ald First 


Customer Focus 


Customer satisfaction is the paramount purpose of all company activities. Meeting 
the requirements and value expectations of our "internal and external ene is 
the primary task of every employee. | 


Continuous Improvement 


Our planning activities will recognize continuous improvement as a primary business 
objective. Our products and services, together with the processes and systems 
which produce them, will be world class. 


Employee Improvement 


_ We will provide an environment and related value system in which all Harris people 
are personally involved, individually and as team members, in establishing and 
achieving quality goals. 


Supplier Partnerships 


We will develop and maintain mutually beneficial partnerships with suppliers who 
share our commitment to achieving increasing levels of customer satisfaction 
through continuing improvements in quality, service, timeliness and cost. 


Highest Standards of Conduct, 
Ethics and Integrity 


We will conduct our business in strict compliance with applicable laws, rules and 
regulations; with honesty and integrity; and with a strong commitment to the highest 
standards of business ethics. 
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Introduction 


The needs of the military and aerospace community for a 
wide variety of specialized, hi-rel microcircuits are filled by 
the Harris Military and Aerospace Division. These circuits 
are typically manufactured to Mil-M-38510 and Mil-Std-883, 
as well as to unique customer requirements. In all cases, 
Harris is committed to continue its tradition of supplying only 
the highest quality devices for hi-rel applications. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force - from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in market- 
place competition. Quality, reliability, and performance enjoy 
significantly increased importance as measures of value in 
integrated circuits. 


Quality in integrated circuits cannot be added on or consid- 
ered after the fact. It begins with the development of capable 
process technology and product design. It continues in man- 
ufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and manu- 
facturing processes of a product has resulted in a significant 
refocus of the role of the Quality organization. This group 
facilitates the development of Statistical Process Control 
(SPC) and Design of Experiments (DOX) programs and 


Quality and Reliability 


works with manufacturing to establish control charts. In addi- 
tion, Quality professionals are involved in the measurement 
of equipment capability, standardization of inspection equip- 
ment and processes, procedures for chemical controls, anal- 
ysis of inspection data and feedback to the manufacturing 
areas, coordination of efforts for process and product 
improvement, optimization of environmental or raw materials 
quality, and the development of quality improvement pro- 
grams with vendors. 


“Total Quality Management" at Harris requires ownership 
and responsibility by each person at every level of the orga- 
nization. At critical manufacturing operations, process and 
product quality is analyzed through random statistical sam- 
pling and product monitors. The Quality organization’s role is 
changing from policing quality to leadership and coordination 
of quality programs or procedures in other organizations - 
through auditing, sampling, consulting, and managing out 
ity Improvement projects. 


To support specific market requirements, or to ensure con- 
formance to military or customer specifications, the Quality 
organization still performs many of the conventional quality 
functions (@.g., group testing for military products or wafer lot 
acceptance). But, true to the philosophy that quality is every- 
one’s job, much of the traditional on-line measurement and 
control of quality characteristics is where it belongs - with the 
people who make the product. The Quality organization is 
there to provide leadership and assistance in the deploy- 
ment of quality techniques, and to monitor progress. (See 
Figure 3 and Table 4.) 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


FUNCTION CONTROLS | —~ DIT 


Wafer Fab e JAN Self-Audit 
Environmental 
- RoonVHood Particulates 
- Temperature/Humidity 
- Water Quality 
Product 
Junction Depth 
Sheet Resistivities 
Defect Density 
Critical Dimensions 
Visual Inspection 
Lot Acceptance 
Process 
- Film Thickness 
- Implant Dosages 
- Capacitance Voltage Changes 
- Conformance to Specification 
Equipment 
- Repeatability 
- Profiles 
- Calibration 
- Preventive Maintenance 


X 
X 
X 
x 
X 
X 


<x <x x xX 


x XK 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 


MANUFACTURING QA/QC MONITOR 
FUNCTION CONTROLS . — 


JAN Self-Audit 
¢ Environmental 


- Water Quality 
¢ Product 


- Dice Inspection 


- Die Sear Controls 
- Pre-Seal Visual 
- Fine/Gross Leak 
- PIND Test 


- Die Shear , 
- Solderability 
e Process 


- Saw Controls 
- Seal Parameters 
- Sta-Bake Profile 


- ESD Protection 

- Plating Bath Controls 
Mold Parameters 
JAN Self-Audit 
¢ Temperature/Humidity 
° ESD Controls 


¢ Test System Calibration 
¢ Test Procedures 
¢ Control Unit Compliance 


Group 
Probe JAN Self-Audit 


Wafer Repeat Correlation 


Visual Requirements 
Documentation 
Process Performance 
JAN Self-Audit 


Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 


Brand JAN Self-Audit 
ESD Controls 
Brand Permanency 
Temperature/Humidity 


Procedural Conformance 


QCI Inspection JAN Self-Audit 


Group B Conformance 


‘= Roonm/Hood Particulates 
- Temperature/Humidity 


- Documentation Check 


- Wire Bond Pull Strength/Controls 


- Lead Finish Visuals, Thickness 
- Operator Quality Performance 


- Die Attach Temperatures - 


- Seal Temperature Profile 


© Temperature Test Calibration 


e Lot Acceptance Conformance 
A Lot Acceptance 


- Temp Cycle Chamber Temperature 


x KKK KK KK OK XK 


Group C and D Conformance 
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Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins 
with good product and process design. This has always 
been a strength in Harris Semiconductor's quality approach. 
We have a very long lineage of high reliability, high perfor- 
mance products that have resulted from our commitment to 
design excellence. All Harris products are designed to meet 
the stringent quality and reliability requirements of the most 
demanding end equipment applications, from military and 
space to industrial and telecommunications. The application 


of new tools and methods has allowed us to continuously 


upgrade the design process. 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet 
the end market performance, quality, and reliability objec- 
tives. 
The validation process has four major components: 

1. Design simulation/optimization 

2. Layout verification 

3. Product demonstration 

4. Reliability assessment. 

Harris designers have an extensive set of very powerful 


Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 


_ Harris Semiconductor Standard 


Process Flows 


Harris Semiconductor offers a variety of Mil-Std-883 compli- 
ant and non-compliant standard screening flows for cost- 
effective support of the customer's specific testing and reli- 
ability requirements. These flows include environmental 
stress testing, burn-in and electrical testing at room, high 
and low temperatures. The Mil-Std-883/JAN Quality Con- 
formance Inspections are shown on pages 14-6 to 14-23. In 
addition, Harris can supply products tested to customer 
specifications for both electrical requirements and non-stan- 
dard environmental stress screening. Consult your field 
sales representative for details. . 


TABLE 2. APPROACH AND IMPACT OF STATISTICAL QUALITY TECHNOLOGY 


STAGE APPROACH IMPACT 


e Stress and Test 
© Defective Prediction 


Process * Statistical Process Control 
Control e Just-In-Time Manufacturing 


Product 
Soreenng 


¢ Limited Quality 
e Costly 
e After-The-Fact 


¢ Identifies Variability 
e Reduces Costs . 
e Real Time 


Process ¢ Design of Experiments ° e Minimizes Variability 
Optimization | ¢ Process Simulation ° Before-The-Fact 


Product 
Optimization 


¢ Design for Producibility 
¢ Product Simulation. 


¢ Insensitive to Variability 
¢ Designed-in Quality 
¢ Optimal Results 
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“TABLE |. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP. 
A ELECTRICAL TESTS FOR CLASSES S AND B DEVICES (NOTE 1) 


| 
Static tests at +25°C | | . 
Dynamic tests at +25°C | . ! 
Fossett 
ee 
Cena 
Freee sue 
ee ai 


NOTES: 


1. The specific parameters to be included for tests in each subgroup shall be as specified 
in the applicable acquisition document. Where no parameters have been identified in 
a particular subgroup or test within a subgroup, no group A testing is required for that 
subgroup or test to satisfy group A requirements. 


2. At the manufacturer's option, the applicable tests required for group A testing (see 
Note 1) may be conducted individually or combined into sets of tests, subgroups (as 
defined in Table 1), or sets of subgroups. However, the manufacturer shall predesig- 
nate these groupings prior to group A testing. Unless otherwise specified, the individ- 
ual tests, subgroups, or sets of tests/subgroups may be performed in any sequence. 


3. The sample plan (quantity and accept number) for each test, subgroup, or set of tests/ 
subgroups as predesignated in Note 2, shall be 116/0. 


4. Agreater sample size may be used at the manufacturer's option; however, the accept 
number shall remain at zero. When the (sub)lot size is less than the required sample 
size, each and every device in the (sub)lot shall be inspected and all failed devices 
removed from the (sub)lot for final acceptance of that test, subgroup, or set of tests/ 
subgroups, as applicable. , . 


5. If any device in the sample fails any parameter in the test, subgroup, or set of tests/ 
subgroups being sampled, each and every additional device in the (sub)lot represent- 
ed by the sample shall be tested on the same test set-up for all parameters in that 
test, subgroup, or set of tests/subgroups for which the sample was selected, and all- 
failed devices shall be removed from the (Sub)lot for final acceptance of that test, sub- 
group, or set of tests/subgroups, as applicalbe. For class S only, if this testing results 
in a percent defective greater than 5 percent, the (sub)lot shall be rejected, except 
that for (sub)lots previously unscreened to the tests that caused failure of this percent 
devective, the (sub)lot may be accepted by resubmission and passing the failed indi- 
vidual tests, subgroups, or set of tests/subgroups, as applicable, using a 116/0 sam- 
ple. 
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HARRIS STANDARD RAD HARD PRODUCT DATA PACKAGES 


JAN Class B (Note 1) 
CD4XxXxX Series (Notes 2, 3) 


JAN Class S 
CD4XXxX Series (Note 4) 


omc 


Memory, Microprocessor, Analog 


Harris Noncompliant Space Flow 


Memory, Microprocessor, Analog 


Harris Noncompliant Class B Flow 
Memory, Microprocessor and Analog (Note 1) 
/883 (Note 2, 3) 


Memory, Microprocessor and Analog (Note 4) 


1. Attributes from burn-in through end of 100% screening operations. 
2. Groups A, B, C and D data summary. 

3. Per applicable JAN requirements. 

4. Groups A, B and D data summary. 


A. Cover Sheet: (Will include as a minimum) 
- Purchase Order Number and Revision 
- Customer Part Number 
- Lot Date Code 
- Harris Part Number 
- Lot Number 
- Quantity 
B. Certificate of Conformance 
- As found on Shipper 
C. Lot Serial Number Sheet 
- Good unit(s) serial numbers and lot number 
D. Screening Attributes Data 
- Identify test operations 
- Quantity of units subjected to each test operation 
- Quantity accepted after test operation was performed 
- Date of each test 
- Attributes from post encapsulation screening through end of 100% screening operations 
E. Variables data for all read/record and/or delta operations. Each value shall be identified to the specific 
serial number of the device for which the data represents. 


F. Groups A attributes data summary 


G. Groups B and D data summary Is only available on JAN product or R-Spec product. Conformance data 
is not available on standard product. 


H. Wafer Lot Acceptance Report (Method 5007) to include SEM phologiaens 
“Note: SEM photographs to include % of step coverage 
*Note: If more than one shipment is made from the same wafer lot, only the initial shipment will include 
the SEM photograph. 


1. X-Ray report and Film(s) - including penetrameter measurements. 
J. GAMMA Radiation Report with each shipment of devices. 
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QUALITY & 
RELIABILITY 


HARRIS SMALL LOT GROUP B STE B) SAMPLE PLAN (NOTES 1, 2) 


| MIL-STD-883,—— LOT SIZE/QUANTITY (ACC NO) OR LTPD 
(NOTE 9) 
TEST CONDITION > 200 


SUBGROUP 2 (Note 3) 


Tsuscnour2wowe)SSSCSCSCSCSCSCSCSCSC“S~“SsSSCSCSCSCSCSC~‘S 
(a, Resistancetosovens | ae [Sid em | ao | so | 40 


SUBGROUP 3 


a. Solderability (Note 4) 
# Devices 2003 or 3 3 
# Bond Pulls 2022 LTPD = 10 LTPD = 10 


SUBGROUP 5 


a. Bond Strength (Note 5) Test Condition C 
#Devices 1 1 1 4 
# Bond Pulls (Note 7) (Note 7) (Note 7) LTPD = 15 


NOTES: 


1. 


Electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not required pro- 
vided that the rejects are processed identically to the inspection lot through pre-burn-in electricals and provided the rejects are exposed 
to the full time/temperature exposure of burn-in. 


. Subgroups 1, 4, 6, 7 and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renumbered. 
. Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. Resistance to solvent 


testing shall consist of subjecting 1 unit to solvent C and 1 unit to solvent D only. 


. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the 


time/temperature exposure of burn-in. All leads shall be tested for packages with lead counts < 22. For packages with lead counts 2 22, 
the number of leads shall be based on an LTPD of 10. 


. Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be.randomly selected prior to or following 


internal visual (PRESEAL) inspection specified in method 5004, prior to sealing provided all other specifications requirements are satis- 
fied (e.g., bond strength requirements shall apply to each inspection lot, bond strength samples shall be counted even if the bond would 
have failed internal visual examination). All wires shall be tested for packages with lead counts s 15. For packages with wire counts 2 15, 
the number of wires shall be based on an LTPD of 15. 


HARRIS SMALL LOT GROUP C (CLASS B) SAMPLE PLAN (NOTE 1) 


MIL-STD-883 LOT SIZE/QUANTITY (ACC NO) OR LTPD 
TEST 


(NOTE 9) 
CONDITION > 200 


SUBGROUP 1 


{  8(0) 15 (0) - 20 (0) 77 (1) 
. End-Point Electrical Per applicable device } 
Parameters specification . 
. Steady State Life Test condition per 
| device specification | 
. End-Point Electrical Per applicable device | 
Parameters specification 
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HARRIS SMALL LOT GROUP D (CLASS B) SAMPLE PLAN (NOTE 1) 


| ss MIL-STD-883,0 si LOT SIZE/QUANTITY (ACC NO) OR LTPD 
Luerwon | _conomon | _o-so_|_s1-100 | so1-200 | “S200” 
TEST CONDITION > 200 


SUBGROUP 1 


a. Physical Dimension (Note2)_ | 2016 | CT 8) 8) 5) OT 150) 


SUBGROUP 2 


a. Lead Integrity 
# Devices 
# Leads 5 o 10 ee 15 ‘ai 45 a 
b. Seal a. Fine 1014 1 (0) 2 (0) 3 (0) 3 (0) 
b. a ee 


|SUBGROUP3. 3 


3 (0) 3 (0) 5 (0) 25 (1) 
Thermal Shock Per applicable 3 (0) 3 (0) 5 (0) 25 (1) 
. Temperature Cycling 
. Moisture Resistance 
. Seal a. Fine 
b. Gross 
. Visual Examination 
. End-Point Electrical 
Sea ee eee ificati 
See eh A 30) 5 (0) 25 (1) 
. Mechanical Shock 
. Vibration, Variable Frequency 
. Constant Acceleration 
. Seal a. Fine . 
b. Gross 
. Visual Examination | 
End-Point Electrical Per applicable device 
Parameters specification 


SUBGROUP 5 


3 (0) 3 (0) 5 (0) 15 (0) 
a. Salt Atmosphere ; . 
b. Seal a. Fine 
b. Gross 
c. Visual Examination Visual criteria onl 


SUBGROUP 6 


1 (0) or 1 (0) or 2 (0) or 3 (0) or 
3 (0) 3 (0) 4(1) 5 (1) 
a. Internal Water-vapor Content 5,000ppm maximum 
water content at 100°C | 


SUBGROUP 7 


a. Adhesion of Lead Finish 
# Devices 1 2 3 3 
# Leads 5 (0 10 (0 15 (0 15 (0 


SUBGROUP 8 


a_Lid Torque 2004 |S t—<CidYY:Ci 1. 2 (0) 3 (0) 5 (0) 
TOTAL # OF GOOD DEVICES REQUIRED: a ee eee 
NOTES: | 


1. The notes of Table IV, MIL-STD-883, method 5005 shall apply in addition to the Notes specified herein. This table is used for reference 
to sampling plan only. The actual tests and subgroups required to be meperies shall be in accordance with the latest revision of Table 
IV, MIL-STD-883, method 5005. 


2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these subgroup tests. 
3. The > 200 column sample sizes are based on those currently specified in method 5005. 


4 
% fF 
| 
Ea 
ax 
2 iy 
Cg 
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ATTACHMENT I. HARRIS SMALL LOT GROUP B (CLASS S) SAMPLE PLAN (NOTE 1) 
MIL-STD-883 LOT SIZE/QUANTITY (ACC NO) OR LTPD 


(NOTE 9) 
: CONDITION > 200 


2016 1 (0) 10) | 2 0) 2 (0) 
1018 5,000ppm max water | = 1 (0) 1 (0) 2(0) {| 2(0) 
content at +100°C 


2 (0) 2 (0) 4 (0) 
(Note 4) (Note 4) 


1 (0) 1(0) | 1(0) 


SUBGROUP 1 


a. Physical Dimension (Note 2) 


b. Internal Water-Vapor Content 
(Note 3) 


SUBGROUP 2 | 
. Resistance to Solvents 


. Internal Visual and Mechanical 


. Bond Strength # Devices Test Condition C 1 1 1 
# Bond Pulls (Note 5) (Note 5) (Note 5) . 


. Die Shear 1 (0) 1 (0) 1 (0) 


SUBGROUP 3 


Solderability # Devices 2003 or 2 3 3 
| # Leads 2022 (Note 5) LTPD=10 | LTPD=10 


SUBGROUP 4 . 
a. Lead Integrity 2004 1 (0) 2 (0) 2 (0) 2 (0) 
. (Note 6) (Note 6) (Note 6) . (Note 6) 
b. Seal . Fine 1014 . 
c. Lid Torque 
Per applicable device 8 (0) 15 (0) 20 (0) 77 (1) 
specification 
Test condition per | 
device specification 
Per applicable device . 
specification 
specification 
Condition C, 100 cycles 


SUBGROUP 5 
a. End-Point Electrical 

Condition E, Y1 Orien- 

tation 

(Note 8) (Note 8) oe 8) 15 (0) 
(Note 8) 

in accordance with a 

method 3015 


Parameters 
TOTAL # GOOD UNITS REQUIRED: a a 


‘b. Steady State Life 
See Notes Next Page 


Test Condition B2 


Test Condition B2 


c. End-Point Electrical 
Parameters 


SUBGROUP 6 (Note 7) 


. End-Point Electrical 
Parameters 


Per applicable device 


. Temperature Cycling _—. 1010 
c. Constant Acceleration 2001 


. Seal a. Fine 1014 
b. Gross 


. End-Point Electrical 
Parameters 


Per applicable device 
specification 


. End-Point Electrical 
Parameters 


Group A and delta limits 
in accordance with 
method 3015 


. Electrostatic Discharge ss 
Group A and delta limits 


. End-Point Electrical 
Parameters 
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NOTES: 
1. The Notes of Table Ila, MIL-STD-883, method 5005 shall apply in addition to the Notes tied herein. 
2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these subgroup tests. 
3. Units may be selected at any time after burn-in and need not be branded. 
4. Resistance to solvent testing shall consist of subjecting 1 unit to solvent C and 1 unit to solvent D only. 
5 


. All wires or leads (as applicable) shall be tested for packages with lead counts < 22. For packages with lead counts 2 23, the number of 
wires or leads shall be based upon an LTPD of 10. 


6. 3 leads per device shall be sampled. 
7. Subgroup B-6 is nondestructive based on Harris test results of this subgroup per MIL-M-38510. 


8. Subgroup 7 is performed for initial qualification and product redesign as a minimum. Sample size will be 3 (0) with repeat for cumulative 
effects 15 (0). 


9. The > 200 pieces column sample sizes are based upon those specified in method 5005. 


ATTACHMENT I - HARRIS SMALL LOT GROUP D aaa S) SAMPLE PLAN (NOTE 1) 


| ss MIL-STD-883 LOT SIZE/QUANTITY (ACC NO) OR LTPD 
(NOTE 3) 
TEST CONDITION > 200 


SUBGROUP 1 


a, Physical mension fie) [ae] ——Ss«dC—a | 30 


SUBGROUP 2 


a. Lead Integrity # Devices 2004 
# Leads 5 a 10 iG 15 iO 
b. Seal a. Fine 1014 1 (0) 2 (0) 3 (0) 
b. Gross 


PSUBGROUP3— PSUBGROUP3— 


. Thermal Shock . 3 (0) 3 (0) 
. Temperature Cycling 
. Moisture Resistance 
. Seal a. Fine 
b. Gross 

. Visual Examination 

End-Point Electrical Per applicable device 

Parameters specification . 


SUBGROUP 4 


3 (0) 3 (0) 5 (0) 
. Mechanical Shock 
. Vibration, Variable Frequency 
. Constant Acceleration 
. Seal a. Fine 
b. Gross 

. Visual Examination 

End-Point Electrical Per applicable device 

Parameters specification 


FSUBGROUP5S FSUBGROUP5S 


a. Salt Atmosphere 3 (0) 5 (0) 15 (0) 

b. Seal a. Fine . 
| b. Gross 

c. Visual Examination Visual criteria only 
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QUALITY & 
RELIABILITY 


ATTACHMENT I - HARRIS SMALL LOT GROUP D (CLASS S) SAMPLE PLAN (NOTE 1) (Continued) 


_ MIL-STD-883 | _ LOT SIZE/QUANTITY (ACC NO) OR LTPD 


(NOTE 3) 
. > 200 


SUBGROUP 6 


a. Internal Water-Vapor Content 5,000ppm max water 3 (0) or 5 
content at +100°C (1) 


SUBGROUP 7 


a. Adhesion of Lead Finish 
# Devices 
# Leads 


SUBGROUP 8 


Ta tdtowe —«Y ae i] CSC~dC | 20 7 30 7 50 
TOTAL # GOOD UNITS REQUIRED: — J} 9 | 9 | 4 | 55 
NOTES:  . 

1. The Notes of Table IV, MIL-STD-883, method 5005 shall apply in addition to the Notes specified herein. 

2. Units may be selected at any time after device sealing operation and in the final lead finish. Rejects may be used for these subgroup tests. 
3. The > 200 pieces column sample sizes are based upon those specified in method 5005. . 


TABLE IIA. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS S 
7 DEVICES (NOTE 1) | } 


MIL-STD-883 QUANTITY/ 


(ACCEPT NO.) 
weTHop | _—_cONDTION, ~—|__CORLTPD 
SUBGROUP 1 


A. Physical dimensions (Note 2) 2016 . ~ 2(0) 
B. Internal water-vapor content 5,000 ppm maximum water content at +100°C 3(0) or 5(1) (Note 4) 
(Notes 2, 3) : 
SUBGROUP 2 (Note 5) 
. Resistance to solvents — 2015 4(0) 


. Internal visual and mechanical 2013, 2014 | Failure criteria from design and construction require- ~ 2(0) 
ments of applicable acquisition document _ 


. Bond Strength — | 2011 . LTPD = 10 (Note 6) 
1. Thermo compression | 1. Test condition C or D 


2. Ultrasonic 2. Test condition C or D 


3. Flip-chip 3. Test condition F 
4. Beam lead 4. Test condition H 


. Die shear test In accordance with Method 2019 for the applicable die 
size 


SUBGROUP 3 | 


Solderability (Note 7) | Soldering temperature of 245°C 5°C | LTPD=10 
2022 eng eS 


SUBGROUP 4(Note2) 

A. Lead integrity (Note 8) Test condition Bo, lead fatigue 
B. Seal a. Fine As applicable 

C. Lid torque (Note 9) As applicable 
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TABLE IIA. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS S 
DEVICES (NOTE 1) (Continued) 


MIL-STD-883 QUANTITY/ 


(ACCEPT NO.) 
TEST METHOD ee aa OR LTPD 


SUBGROUP 5 (Note 10) 


A End-point electrical parameters As specified in the applicable device specification 
(Notes 11, 12) 

B. Steady state life (Note 13) Test condition C, D or E 7 

C. End-point electrical parameter As specified in the applicable device specification 
(Note 11) 


SUBGROUP 6 


A End-point electrical parameters As specified in the applicable device specification ~ ~ LTPD=15 
B. Temperature cycling 1010 Condition C, 100 cycles minimum 
C. Constant acceleration Test condition E: Y,; orientation only 
D. Sea a. Fine 1014 
b. Gross 
E. End-point electrical parameters As specified in the applicable device specification . 


NOTES: 


1. Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not 
required. 


2. Not required for qualification or eave conformance inspections where group D inspection is being performed on samples from the same 
inspection lot. 


3. This test is required only if it is a glass-frit-sealed package. Unless handling precautions for beryilia packages are available and followed 
method 1018, procedure 3 shall be used. See Note 6 of Table 4. 


4. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample (i.e., 3 or 
5 devices) fails, a second complete sample may be tested at an alternate laboratory that has been granted current suitability status by 
the qualifying activity. If this sample passes, the lot shall be accepted provided the devices and data from both submissions are submitted 
to the qualifying activity along with five additional devices from the same lot. 


5. Resistance to solvents testing required only on devices using inks or paints as a marking medium. 


6. Unless otherwise specified, the LTPD sample size for conditions C and D is the number of bond pulls selected from a minimum number 
of four devices, and for condition F or H is the number of dice (not bonds). 


7. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the 
temperature/time exposure of burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The 
LTPD applies to the number of leads inspected except in no case shall less than three devices be used to provide the number of leads 
required. 


8. For leadless chip carrier packages only, use test condition D. For pin grid array leads and rigid leads use method 2028. See method 
5005.11 


9. Lid torque test shall apply only to glass-frit-sealed packages. 

10. The alternate removal-of-bias provisions of 3.3.1 of method 1005 shall not apply for test temperatures above 125°C. 

11. Read and record group A subgroups 1, 2 and 3. 

12. For qualification, read and record data for all group A subgroups satisfies the data requirement of Mil-M-38510, 4.4.2.1.6A. 
13. The same test temperature that was used for burn-in shall be used for the steady-state life test. 

14. Unless otherwise specified, test shall be performed for initial qualification and product redesign as a minimum. 


QUALITY & 
RELIABILITY 
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TABLE IIB. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP B TESTS FOR CLASS B 
DEVICES (NOTES 1, 2) : ee oe 


. .  MIL-STD-883 QUANTITY/ 


(ACCEPT NO.) 
werHoo | CONDITION, | __ORLTPD 
SUBGROUP 2 (Note 3) 


SUBGROUP 3 


A. Solderability (Note 4) 2022 or Soldering temperatures of 245°C + 5°C 
- 2003 


SUBGROUP 5 | 


A. Bond Strength (Note 5) 1. Test condition C or D 
1. Thermocompression 2. Test condition C or D 
2. Ultrasonic or wedge 3. Test condition F 
3. Flip-chip 4. Test condition H 
4. Beam lead . 


NOTES: 


1. Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measurements are not 
required. . a3 


2. Subgroups 1, 4, 6, 7 and 8 have been deleted from this table. For convenience, the remaining subgroups will not be renumbered. 
3. Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium. . 


4. All devices submitted for solderability test shall be in the lead finish that will be on the shipped product and which has been through the 
temperature/time exposure to burn-in except for devices which have been hot solder dipped or undergone tin fusing after burn-in. The 
LTPD for solderability test applies to the number of leads inspected except in no case shall less than 3 devices be used to provide the 
number of leads required. 


5. Test samples for bond strength may, at the manufacturer's option, unless otherwise specified, be randomly selected prior to or following 
internal visual (PRESEAL) inspection specified in method 5004, prior to sealing provided all other specifications requirements are satis- 
fied (e.g., bond strength requirements shall apply to each inspection lot, bond strength samples shall be counted even if the bond would 
have failed internal visual exam). Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls 
selected from a minimum number of 4 devices, and for condition F or H is the number of dice (not bonds) (see method 2011). 


TABLE Ill. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP C DIE-RELATED TESTS FOR CLASS B ONLY 


| | “  MIL-STD-883 | QUANTITY/ 
iv (ACCEPT NO. 
TEST METHOD CONDITION OR LTPD 


SUBGROUP 1 . " be 
A. Steady-state life test Test condition to be specified (1,000 hours at 125°C) 
B. End point electrical parameters | As specified in the applicable device specification | 


TABLE IV. MIiL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP D PACKAGE RELATED 
TESTS FOR ALL CLASSES — 


MIL-STD-883 


(NOTE 1) TEST meron | conor | 


SUBGROUP 1 (Note 2) , 

[A Physical dimensions «| 20m TSS 
SUBGROUP 2 (Note 2) 
A. Lead integrity (Note 3) 


B. Seal (Note 4) 1. Fine 
2. Gross 


QUANTITY/ 
(ACCEPT NO.) OR 
LTD 


Test condition B2 (lead fatigue) 
As applicable 
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TABLE IV. MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP D PACKAGE RELATED 
TESTS FOR ALL CLASSES (Continued) 


MIL-STD-883 
(ACCEPT NO.) OR 
(NOTE 1) TEST wetHoo | CONDMION, =] LTD 


SUBGROUP 3 (Note 5) ee 


. Thermal shock Test condition B as a minimum, 15 cycles minimum 
. Temperature cycling 


QUANTITY/ 


Test condition C, 100 cycles minimum 
. Moisture resistance (Note 6) 


Seal a. Fine 
b. Gross 


90 BD 


As applicable 


In accordance with visual criteria of method 1004 and 
1010 


As specified in the applicable device specification 


. Visual examination 


. End-point electrical parameters 
(Note 7) 


SUBGROUP 4 (Note 5) 
. Mechanical shock 


Test condition B minimum 


B. Vibration, variable frequency Test condition A minimum 


C. Constant acceleration Test condition E minimum (see 3), Y1 orientation only 
D 


. Seal a. Fine 
b. Gross 


As applicable 


. Visual examination Note 8 


. End-point electrical parameters 
SUBGROUP 5 (Note 2) 
A. Salt atmosphere (Note 6) . 


B. Seal a. Fine 
b. Gross 


C. Visual examination In accordance with visual criteria of method 1009 
SUBGROUP 6 (Note 2) . 


A. Internal water-vapor content 1018 5,000 ppm maximum water content at 100°C 3(0) or 5(1) (Note 9) 


SUBGROUP 7 (Note 2) 


A. Adhesion of lead finish 2025 15(0) 
(Notes 10, 11) ; 
SUBGROUP 8 


A tidtorqe Worse 1 | ama —TOCSCSCSCCSCSCSCSCSC*idSCCSC* 


NOTES: 


1. In-line monitor data may be substituted for subgroups D1, D2, D6, D7 and D8 upon approval by the qualifying activity. The monitors shall be 
performed by package type and to the specified subgroup test method(s). The monitor sample shall be taken at a point where no further 
parameter change occurs, using a sample size and frequency of equal or greater severity than specified in the particular subgroup. This in- 
line monitor data shall be traceable to the specific inspection lot(s) represented (accepted or rejected) by the data. 


. Electrical reject devices from that same inspection lot may be used for samples. 

. For leadiess chip carrier packages only, use test condition D. For pin grid array and other rigid leads use method 2028. 

. Seal test (subgroup 2B) need be performed only on packages having leads exiting through a glass seal. 

. Devices used in subgroup 3, "Thermal and Moisture Resistance” may be used in subgroup 4, "Mechanical". 

. Lead bend stress initial conditioning is not required for leadless chip carrier packages. 

. At the manufacturer's option, end-point electrical parameters may be performed after moisture resistance and prior to Seal test. 

. Visual examination shall be in accordance with method 1010 or 1011. 

. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer's option, if the initial test sample (i.e., 3 or 5 
devices) fails a second complete sample may be tested at an alternate laboratory that has been issued suitability by the qualifying activity. 
If this sample passes the lot shall be accepted provided the devices and data from both submissions are submitted to the qualifying activity 
along with 5 additional devices from the same iot. 

10. The adhesion of lead finish test shall not apply for leadless chip carrier packages. 

11. Quantity/(accept number) based on number of leads. 

12. Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package body (i.e., wherever frit seal establishes 

hermiticity or package integrity). 


As specified in the applicable device specification 


Test condition A minimum 


As applicable 


COOAN OO AWD 
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TABLE V. . MIL-STD-883/JAN QUALITY CONFORMANCE INSPECTIONS GROUP E RADIATION © 
HARDNESS ASSURANCE TESTS (NOTE 1) 


[muses —=C=~=“‘dSO*~‘iaASS—O«dYSC“‘éOSS 


QUANTITY/ QUANTITY/ 
METHOD CONDITION . NOTES NOTES 
Endpoint electrical As specified in accordance 


(ACCEPT - (ACCEPT 
1017 
A. 11(0) A. 11(0) 
B. 11(0) B. 11(0) 
parameters with detail specification 


NUMBER) NUMBER) 
susarour2 (Notes) | ff 


Steady-state total dose 25°C Maximum supply 
irradiation voltage 


SUBGROUP 1 (Note 2) 


Neutron irradiation 


A. Qualification 
B. QCl 


A. Qualification A. 22(0) 7 


B. QCI 


6 
8 

B. 6 B. 22(0) 7 
8 


As specified in accordance 
with detail specification 


Endpoint electrical 
parameters 


SUBGROUP 3 (Note 9) 


Transient ionizing 
irradiation 


25°C 
25°C 
As specified in accordance 
with detail specification 


Endpoint electrical 


NOTES: 


1. Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same subgroup. Total 
exposure shall not be considered cumulative unless testing is performed within the time limits of the test method. Group E tests may be 
performed prior to device screening (see 3.5.3). 


2.:Waive neutron tests for MOS devices exceps for charge coupled devices or where, by design, bipolar elements are an integral part of the 
device function. 


3. In accordance with wafer lot. If one part fails, seven additional parts may be added to the test sample with no additional failures allowed, 
18(1). 


4. In accordance with inspection lot. If‘one part fails, seven additional parts may be added to the test sample with no additional failures al- 
lowed, 18(1). 


5. Class B devices shall be inspected:using either the class B uaniiiy/accept number criteria as specified, or by using the class S criteria 
_ on each wafer. 


6. In accordance with wafer for device types with less than or equaits to 4,000 equivalent transistors/chip selected from the water at a radius 
approximately equal to two-thirds of the wafer radius, and spaced uniformly around this radius. 


7. In accordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 
38(1). 


8. In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer ata radius approx- 
imately equal to two-thirds of the wafer radius and spaced uniformly around this radius. 


9. Upset testing during qualification on first QCI shall be conducted when specified in purchase order or contract. When specified, the same 
microcircuits may be tested in more than one subgroup 
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Mil-S-19500H 


TABLE lil. GROUP A INSPECTION (NOTE 1) 


JAN, JANTX, JANTXV SAM- 
SUBGROUPS PLING PLAN 


SUBGROUP 1 (PPM-3) 


Visual and mechanical inspection (Note 2) 
(Mil-Std-750, method 2071) 


SUBGROUP 2 (PPM-2) “ 


116 devices c = 0 (Notes 4, 5) 
116 devices c = 0 (Notes 4, 5) 


116 devices c = 0 (Notes 4, 5) 


SUBGROUP 5 


Safe operating area test (for power transistors only): 

a. DC 

b. Clamped inductive (Notes 3, 6) 

c. Unclamped inductive End-point electrical measurement 


SUBGROUP 6 (Note 7) 


Surge current (for diodes/rectifiers only) End-point electrical 
measurements 


SUBGROUP 7 


Selected static and dynamic tests LTPD = 10 (Notes 3, 6) LTPD = 10 (Note 3) 


NOTES: 


1 


ié*) 


. All devices required by the specified LTPD shall be subjected to subgroups 2, 3 and 4 combined. 


. All devices required by the specified LTPD shail be randomly selected from the devices subjected to subgroups 2, 3 and 4, and shall be 
‘Subjected ‘to subgroups 5, 6 and 7 combined. 


. Not applicable when performed as a 100 percent screen. 


. The specific parameters to be included for tests in each subgroup shall be as specified in the applicable associated detail specification. 


Where no parameters have been specified in a particular subgroup or test within a subgroup, no group A testing is required for that sub- 
group or test to satisfy group A requirements. A single sample may be used for all subgroup testing. These tests are considered nonde- 
structive and devices may be shipped. 7 


. PPM-3 applies only to mechanical inspection. 
. For these subgroups, the maximum accept number (c) shall be two. 
. Ifa device in the sample fails one or more test(s) in the subgroup or subgroups being sampled, each device in the (sub) lot represented 


by the sample may be screened for the test(s) for which the sample failed: Alternatively, an engineering evaluation shall be performed to 
determine an appropriate 250C electrical screen(s) necessary to remove the failure mode. A second sample shall be tested to the failed 
subgroup. If the second sample fails, the same subgroup 100 percent rescreen of the failed subgroup shall be performed or the lot shall 
be rejected. | 
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TABLE IVA. GROUP B INSPECTIONS FOR JANS DEVICES 


QUALIFICATION 
AND LARGE LOT 


INSPECTIONS 
SUBGROUP 1 (NOTE 1) _ 


MIL-STD-750 CONDITION 


CONFORMANCE > 


SAMPLING PLAN 


QUALITY - SMALLLOT . 
QUALITY 
CONFORMANCE 


- INSPECTION N/C 


INSPECTION — 


Physical dimensions | 2066 Dimensions per case outline specified | 10s Bdevicesc=0 | 


SUBGROUP 2 (Note » 
Solderability 


Resistance to solvents 
SUBGROUP 3 


Separate samples may be used for each 
test. The LTPD applies to the number of 

loads inspected. A minimum of 3 devices: 
shall be tested 


6 devices c = 0 


Temperature cycling 
(air-to-air) 


Surge (Note2) - 
Hermetic seal a. Fine 


b. Gross 
Electrical measurements 


Decap-internal visual (design 
verification) (Note 3) 


SEM (when specified) 


Bond strength (wire or clip 
bonded devices only) 


Die shear (excluding axial © 
leaded devices) — 


SUBGROUP 4 


No dwell is required at 25°C. Test devices 
c = 0 condition C3, (100 cycles) except 
step 3 at 175°C + 5° - O°C for 

t(extreme) < 10 min. 


As specified 


Not required for double plug diodes. Test 
condition G:or H, max leak rate = 5 x 10° 


atm cc/s, except 5 x 10°” atm cc/s for devic: 


es with internal cavity > 0.3 cc 


As specified 
Visual criteria in accordance with qualified 


design and internal visual precap criteria — 


The sampling plan applies to the number of. 
wires pulled. The sample shail include a 
minimum of 3 devices and shall include all 
wire sizes | 


Only devices previously subjected to the 
bond strength test shall be used for this 
test 


6 devices c = 0 


6 devices c = 0 


6 devices c = 0 
6 devices c = 0 


Intermittent operation life 
Electrical measurements 


Thermal shock (liquid-to-liq- 
uid) (For axial lead glass di- 
odes only) 


SUBGROUP 5 


2,000 cycles, as specified Condition D 


Thermal response and other electrical. 
measurements as specified 


25 cycles condition A 


- 8 devices c =0 


eration life 


Accelerated steady-state op- 


Bias conditions as specified 


Eutectic die attached semiconductors: T;= 
275°C min (for 96 hours min) 


Soft solder die attached power semicon- 
ductors: T, = 225°C min (for 168 hours 
min) For Schottky diodes:.T, = 175°C min 
(for 240 hours min) 
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TABLE IVA. GROUP B INSPECTIONS FOR JANS DEVICES (Continued) 


QUALIFICATION 
AND LARGE LOT 
QUALITY SMALL LOT 
MIL-STD- CONFORMANCE QUALITY 
INSPECTION CONFORMANCE 
INSPECTIONS MIL-STD-750 CONDITION SAMPLING PLAN INSPECTION N/C 


Power MOSFETs: T, = 200°C min (for 120 
hours min); condition C; (see 4.6.4) 


Electrical measurements Thermal response and other electrical 
measurements as specified 


Bond strength As specified. Bond strength samples shall LTPD = 10,c=0 LTPD = 10,c=0 
(Al-Au interconnects only) have passed accelerated steady-state 
operation life 


SUBGROUP 6 


Thermal resistance As specified 10 8 devices c = 0 
Diodes 

Transistors (bipolar) 

Transistors (POWERFETs) 

Thyristors 

IGBT 

GaAs 


NOTES: 


1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
trical end-point measurements are not required. Post burn-in electrical rejects may be used. 


2. Surge shall be performed on rectifiers and reverse surge for transient suppressors. 
3. For axial lead diodes a lead pull to destruction shall be performed. 


TABLE IVB. GROUP B INSPECTIONS FOR JAN, JANTX AND JANTXV DEVICES 
MIL-STD-750 SMALL LOT 


QUALITY 
SAMPLING CONFORMANCE 
INSPECTIONS CONDITION PLAN INSPECTION N/C 


SUBGROUP 1 (Note 1) 


Solderability Separate samples may be used for each test. 4 devices c = 0 
The sampling plan applies to the number of 
leads in spected. A minimum of 3 devices shall 


be tested. 


Resistance to solvents 
SUBGROUP 2 
Temperature cycling No dwell is required at 25°C. Test condition 6 devices c = 0 


(air-to-air) except for axial C,except step 3 at 175°C +5°C, -0°C, (45 cycles 
lead glass diode including screening, t(extreme) > 10 min 


Thermal shock | 10 cycles, condition A 
(liquid-to-liquid) (for axial 
lead glass diodes only) 


Surge (Note 2) As specified 


Hermetic seal a. Fine Leak Not required for double plug diode. Test condi- 
tion G or H, max leak rate = 5 x 10° atm cc/s, 
except 5 x 1077 atm cc/s for devices with internal 
cavity > 0.3 cc 


b. Gross leak 
Electrical measurements As specified 


QUALITY & 
RELIABILITY 
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TABLE IVB. GROUP B INSPECTIONS FOR JAN, JANTX AND JANTXV DEVICES (Continued) 


is ore MIL-STD-750 , SMALL LOT 


ae QUALITY 
ao SAMPLING CONFORMANCE 
INSPECTIONS ty ; CONDITION _ .PLAN INSPECTION N/C 
SUBGROUP 3 (Note 3) i . ss 
ve ae 2 _A separate sample may be used for each test. = 12 devices c = 0 
340 hours min a 7 ; | 
Steady-state-operation life or Bias conditions as specified Condition D, 2,000 
intermittent operation life cycles - . . 
(Note 4) Pa 


Electrical measurements | As specified: - 


Bond strength (wire or clip The sample shail include a minimum of 3 devic- 10(c=1) LTPD = 10 (c = 1) 
bonded devices only) | . es and shall include all wire sizes — 18 a 
(Rectifiers only) 


Steady-state DC blocking life 340 hours (as specified) — | | 5 12 devices c = 0 
Electrical measurements As specified | | 


Bond strength (wire or clip The sample shall include a minimum of 3 devic- | LTPD as 10, c=1 
bonded devices only) es and shall include all wire sizes . 


SUBGROUP 4 (Notes 1, 5) . 


Decap internal visual - 2075 =| Visual criteria in accordance with qualified 1devicec=0 | idevicec=0 
- (design verification) design 


SEM (when spectied) [207 | _——————S~d ences |B ecw =O 


SUBGROUP 5 


Thermal resistance: | Thermal resistance may be performed on group — | 6 devices c = 0 
E frequency whenever 100 percent thermal a 
response is performed. As specified 


Diodes 

Transistors (Bipolar) . 

Transistors (POWERFETs) » 

Thyristors | 

IGBT 

GaAs 

SUBGROUP 6. 

High-temp life 340 hours min, Tstg (max)=Ty ~ . | ~ 12 devices c =0 
(Nonoperating) - - See . 
Electrical measurements ‘| As specified... 

SUBGROUP 7 (Note 6) 


Constant acceleration : 1 minute min in each orientation, X1, Y1 and Z1 ° 6 devices c = 0 
at 20,000 G min, except at 10,000 G min for 
devices with power rating of < 10 watts. Tc = 
: 25°C . _ . 
Particle impact noise Condition A (see 4.3.4.2.1) 
detection 
Electrical measurements As specified 
NOTES: 
1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
___ trical end-point measurements are not required. Post burn-in electrical rejects may be used. : | sO 
_2. Surge shall be performed on rectifiers and reverse surge for transient suppressors. 
_ 3. Ifa given inspection lot undergoing group B inspection has been selected to satisfy group C inspection requirements, the 340-hour or 
2,000 cycle life tests may be continued on test to 1,000 hours or 6,000 cycles, as applicable, in order to satisfy the group C life test re-. 


quirements and bond pull may be performed after group C life test. In such cases, either the 340-hour or 2,000 cycle, as applicable, end- 
point measurements. : . 


4. Intermittent operation life shall be performed on all case mounted devices. _ 
. For axial lead diodes a lead pull to destruction shall be performed. 


6. Not applicable to any devices with external and internal pressure contacts (die to electrical contacts), optical coupled isolators, double 
plug diodes. Subgroup 7 is applicable to JANTX and JANTXV only. 


oe 
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TABLE V. GROUP C PERIODIC INSPECTIONS (ALL QUALITY LEVELS) 


MIL-STD-750 SMALL LOT 


| QUALITY 
SAMPLING CONFORMANCE 
INSPECTIONS CONDITION PLAN INSPECTION N/C 


SUBGROUP 1 


Physical dimensions (Note 1) | 2066 Dimensions per case outline specified 


SUBGROUP 2 


Thermal shock (glass strain) 


Terminal Strength 


Hermetic seal 
a. Fine leak 


b. Gross leak 

Moisture resistance 
Electrical measurements 
SUBGROUP 3 


Shock 


Vibration, variable frequency 


Constant acceleration (see 
4.6) (not required when per- 
formed in group B) 


Electrical measurements 


Test condition A, except test condition B for de- 
vices with power rating of > 5 watts at To = 25°C 


As specified 


Not required for double plug diodes. Test condi- 
tion G or H, max, leak rate = 5 x 10% atm ce/s, 
‘except 5 x 10°” atm cc/s for devices with internal 
cavity > 0.3 cc 


Omit initial conditioning 
As specified 


Not required for disc packages. Nonoperat- 
ing, 1500 G’s, 0.5ms 


5 blows in each orientation: X1, Y1 and 21. (Y1 
only for axial glass diodes) 


1 minute min in each orientation, X1, Y1 and Z1 
at 20,000 G min, except at 10,000 G min for de- 
vices with power rating of = 10 watts. T. = 25°C 


As specified 


6 devices c = 0 


6 devices c=0 


SUBGROUP 4 . 


Salt atmosphere (corrosion) 1041 15 6 devices c = 0 
(Note 1) . 


SUBGROUP 5 


SUBGROUP 6 (Notes 2, 3) 


Not required for disc packages. 1000 hours min 
at max operating junction temperature 


Steady-state-operation life or Condition D, 6000 cycles min 12 devices c = 0 
Intermittent operation life or 


Blocking life 


. Electrical measurements 
NOTES: 


1. Electrical reject devices (and X-Ray for JANS) and PIND rejects from the same inspection lot may be used for all subgroups when elec- 
trical end-point measurements are not required. Not required for JANS. | 


2. If a given inspection lot undergoing group B inspection has been selected to satisfy group C inspection requirements, the 340-hour or 
2,000 cycles life tests may be continued on test to 1,000 hours or 6,000 cycles, as applicable, in order to satisfy the group C life test 
requirements. In such cases, either the 340-hour or 2,000-cycle, as applicable, end-point measurements are optional and acceptance 
shall be determined by the 1,000-hour or 6,000-cycle, as applicable, end-point measurements. 


3. Intermittent operation life shall be performed on all case mounted devices. 


As specified 


cas 
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TABLE Vi. GROUP D a HARDNESS ASSURANCE a (NOTE 1) 


| MILSTD-750,— | JANTXV | 


a QUANTITY 
ACCEPT JACCEPT 
_METHOD CONDITION NUMBER NUMBER 


SUBGROUP 1 (Note 2) 

Neutron irradiation 

a. Qualification (a) 11(0) (a) -11(0) 
b. QCI | | (be) 11(0) (b) 11(0) 


End-point electrical parame- As specified in accordance with 
ters associated detail specification 


SUBGROUP 2 (Note 5) 
Steady-state total dose 25°C . 


irradiation Maximum supply voltage 
a. Qualification (a) 22(0) 


b. QCI (b) 22(0) 


End-point electrical As specified in accordance with 
parameters associated detail specification 


SUBGROUP 3 (Note 9) 


Gamma dot 25°C 
Single event upset 25°C 


End-point electrical As specified in accordance with 
parameters associated detail specification 


NOTES: 


1. Parts used for one subgroup test may not be used for other subgroups but may be used for higher levels in the same subgroup. Total 
exposure shall not be considered cumulative unless testing is performed within the time limits of the test method. Group D tests may be 
performed prior to device screening (see 4.7.7). 


2. Waive neutron tests for MOS devices except for charge coupled devices or where, by design, bipolar elements are an integral part of the 
device function. 


3. In accordance with wafer lot. If one afi fails, seven additional parts may be added to the test sample with no additional failures allowed, 
18(1). 

4. In accordance with inspection lot. If one part fails, seven additional parts may be added to the test sample with no additional failures al- 
lowed, 18(1). 

5. JANTXV devices shall be inspected using either the JANTXV quantity/accept number criteria as specified, or by using the JANS criteria 
on each wafer. 


6. In accordance with wafer for device types with less than or equal to 4,000 equivalent transistors/chip selected from the wafer at a radius 
approximately equal to two-thirds of the wafer radius, and spaced uniformly around this radius. 


7. In accordance with inspection lot. If one part fails, 16 additional parts may be added to the test sample with no additional failures allowed, 
38(1). 

8. In accordance with wafer for device types with greater than 4,000 equivalent transistors/chip selected from the wafer at a radius approx- ~ 
imately equal to two-thirds of the wafer radius and spaced uniformly around this radius. 


9. Upset testing during qualification on first QC! shall be conducted when specified in pues! order or contract. When specified, the same 
devices may be tested in more than one subgroup. 
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TABLE Vil. GROUP E INSPECTIONS (ALL QUALITY LEVELS) FOR QUALIFICATION ONLY (NOTE 1) 


. MIL-STD-750 
INSPECTIONS METHOD CONDITION SAMPLING PLAN 


SUBGROUP 1 | 


Thermal shock Electrical measurements 1051 500 cycles min or as specified As specified 


Dynamic AC intermittent operating life Electrical As specified As specified 
measurements 


or steady-state DC intermittent operating life 
Electrical measurements 


or steady-state DC blocking life Electrical mea- 
surements 


SUBGROUP 3 


Destructive physical analysis ae | As specified 
IGBT 


SUBGROUP 4 
As specified 
GaAs 


SUBGROUP 5 (Note 2) | 


Barometric pressure (reduced) (required only on 1001 As specified - 15 
devices with rated voltage > 200V) 


NOTES: 
1. Group E is required prior to shipping whenever group E is added to the associated detail specification. Manufacturers cur- 
rently qualified to an associated detail specification shall also perform group E when the associated detail specification is 
revised to include group E. 


2. The barometric pressure test shall be performed on a subgroup of the highest voltage type device for each barometric pres- 
sure group to accept that type and all other types of the same or lower voltage rating at that barometric pressure. In the 
event that a subsequent lot contains a higher voltage type, that type shall be tested to subgroup 5 of group C prior to ac- 
ceptance of the lot. . 


Thermal resistance 

Transistors: 
POWERFETs 
Bipolar 

Diodes 
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_ TABLE 3. SUMMARIZING CONTROL APPLICATIONS 


Diffusion 

- Junction Depth 
Sheet Resistivities 
Oxide Thickness 
Implant Dose Calibration 
Uniformity 


¢ Thin Film 
- Film Thickness 
- Uniformity 
- Refractive Index 
- Film Composition 


* @ Photo Resist 
- Critical Dimension | 
- Resist Thickness 
- Etch Rates 


_' © Measurement Equipment 
= Critical Dimension 
- Film Thickness 
- 4Point Probe 
- Ellipsometer 


| ASSEMBLY 


Post-Seal 

Internal Package Moisture 
Tin Plate Thickness 

PIND Defect Rate 

Solder Thickness ~ 

Leak Tests 

Module Rm. Solder Pot Temp. 
Seal 

Temperature Cycle 


Pre-Seal 

- Die Prep Visuals 
Yields 
Die Attach Heater Block 
Die Shear 
Wire Pull 
Saw Blade Wear 
Pre-Cap Visuals. 


Handlers/Test System 
Defect Pareto Charts 
Lot % Defective 

ESD Failures per Month 


¢ 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


e Enviornment 
- Water Quality 
- Clean Room Control 


Controlling and Improving the 
Manufacturing Process 


SPC/DOX Statistical process control (SPC) is the basis for 
quality control and improvement at Harris Semiconductor. 
Harris manufacturing people use over 1,000 Shewhart 
control charts to determine the normal variabilities in 
processes, materials, and products. Critical process 
variables are measured and control limits are plotted on the 
control charts. Appropriate action is taken if the charts show 
that an operation is outside the process control limits or 
indicates a trend toward the limit. These same control charts 
are powerful tools for use in reducing variations in process- 
ing, materials, and products. Table 3 lists some typical 
manufacturing applications of control charts at Harris 
Semiconductor. 


SPC is important, but still considered only part of the 
solution. Processes which operate in statistical control are 
not always capable of meeting engineering requirements. 
The conventional way of dealing with this in the semiconduc- 
tor industry has been to implement 100% screening or 
inspection steps to remove defects, but these techniques are 
insufficient to meet today’s demands for the highest reliability 
and perfect quality performance. 


Harris still uses screening and inspection to "grade" products 
and to satisfy specific customer requirements for burn-in, 


e Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 

_> GN-Force Measurement 


- Monitor Failures CO 
- Lead Strengthening Quality 
- After Burn-in PDA 


¢ IQC Measurement/Analysis _ 
- XRF | 
- ADE 
- 4Point Probe 
- Chemical Analysis Equipment 


multiple temperature test insertions, environmental screen- — 
ing, and visual inspection as value-added testing options. 
However, inspection and screening are limited in their ability 
to reduce product defects to the levels expected by today’s 
buyers. In addition, screening and inspection have an 
associated expense, which raises product cost. 


TABLE 4. HARRIS I.C. DESIGN TOOLS 


DESIGN STEP 


Functional 
Simulation 


PRODUCTS 


DIGITAL 


Silos 
Proteous 
Socrates 


SDA-Mass Comp 


NOTE:1. Tools are in Development. 
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Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating 
and implementing improvements in product processes, 
materials, equipment, and facilities. These improvements 
are aimed at reducing the number of defects by studying the 
key variables controlling the process, and optimizing the 
procedures or design to yieldthe best result. This approach 
is a more time-consuming method of achieving quality 
perfection, but a better product results from the efforts, and 
the basic causes of product nonconformance can be 
eliminated. 


SPC, DOX, and design for manufacturability, coupled with 
our 100% test flows, combine in a product assurance 
program that delivers the quality and reliability performance 
demanded for today and for the future. | 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from 
each lot and is measured in parts per million (PPM). The 
current procedures and sampling plans outlined in MIL-STD- 
883 and MIL-M-38510 are used by our quality inspectors. 
The focus on this quality parameter has resulted in a 
continuous improvement over the past three years . 


AQQ has decreased from 1,000 PPM to approximately 100 
PPM, and the goal is to continue improvement toward 0 
PPM. 


Training 


The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in product 
manufacturing began in 1984 at Harris, with a comprehen- 
sive development program in statistical methods. Using the 
resources of the University. of Tennessee, private. 
consultants, and internally developed programs, training of 
over 2,000 engineers, supervisors, and operators/techni- 
cians has been completed. | 


Nearly 1,000 operators, 100 supervisors, and more than 800 
engineers have been trained in SPC methods, providing 
them with tools to improve the overall level of uniformity of 
Harris products. Almost 300 engineers have received 
training in DOX methods: learning to evaluate changes in 
process operations, set up new processes, select or accept 
new equipment, evaluate materials, select vendors, compare 
two or more pieces of equipment, and compare two or more 
process techniques. 


Over the past four years, Harris has. also deployed a 


— comprehensive training program for hourly operators and 


supervisors in job requirements and functional skills. All 
hourly manufacturing employees participate (see Table 5).: 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


COURSE | AUDIENCE | LENGTH TOPICS COVERED 


SPC Manufacturing 8 Hours Basic Philosophy, Statistical Calculations Graphing Techniques, Pareto 
Operators Charts, Control Charts 
SPC 


Manufacturing 
Supervisors 


21 Hours 


Engineers and 88 Hours 
Managers 


SPC Engineers and 
Managers 


DOX (Design of 
Experiments) _ 


Continuous Improvement 
Methods 


SPC-The Essentials 


Manufacturing 


Department-Level 20 Hours 


Work Groups 


Basic Philosophy, Statistical Calculations Graphing Techniques, Pareto 
Charts, Control Charts, Testing for Inspector Agreement, Cause & Effect 
Diagrams, 1 & 2 Sample Methods 


Basic Philosophy, Graphical Methods, Control Charts, Rational 
Subgrouping, Variance Components, 1 & 2 Sample Methods, Pareto 
Charts, Cause & Effect Diagrams 


Factorial Designs, Fractional Factorial Designs, Blocking Designs, 
Variance Components, Computer Usage, Normal Probability Plotting 


RSM (Response Surface | Engineers and Steepest Ascent, Central Composite Designs, Box-Behnken Designs, 
Methods) Managers Computer Usage, Contour Plotting, Second Order Response Surfaces 
Basic Philosophy, Pareto Analysis, Imagineering, Run Charts, Cause & 


: 12 Hours 
Supervisors Effect Diagrams, Histograms, Ideas of Control Charts 


Basic Philosophy, of Continous Improvement, Imagineering Pareto 
Charts, Cause & Effect Diagrams, Flow Charts, Graphical Display, 
Control Charts, |deas of Experiment 
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Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality enhance- 
ment, yield improvement, and cost control. With the use of 
statistical techniques, the influence of silicon, chemicals, 
gases and other materials on manufacturing is highly 
measurable. Current measurements indicate that results are 
best achieved when materials feeding a_ statistically 
controlled. manufacturing line have also been produced by 
statistically controlled vendor processes. 


- To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers 
with our manufacturing lines. This user-supplier network is 
the Harris Vendor Certification process by which strategic 
vendors, who have performance histories ‘of the highest 


quality, participate with Harris in a lined network; the vendor's fac- 
tory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’ manufacturing needs and vendor 
capabilities, and continual improvement programs are all part of 
the certification process. The sole use of engineering limits no 
longer is the only quantitative requirement of incoming materials. 


Specified requirements include centered means, statistical 


control limits, and the requirement that vendors deliver their 
products from their .own statistically evaluated, in-control 


~manufacturing processes. 


In addition to the certification process, Harris has worked to 
promote improved quality in the performance of all our qualified 
vendors who must meet rigorous incoming inspection criteria 
(see Table 6). | 


. TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


Resistivity 

Crystal Orientation 
Dimensions 

Edge Conditions 

Taper 

Thickness 

Total Thickness Variation 
Backside Criteria 
Oxygen | 

Carbon 


Chemicals 
- Assay 
- Major Contaminants 
Molding Compounds 

- Spiral Flow 

- Thermal Characteristics 
¢ Gases 

- Impurities 

Photoresists 

- Viscosity 

- Film Thickness 

- Solids 
- Pinholes 


Chemicis/Photoresists/Gases 


Thin Film Materials Assay 


Selected Contaminants - 


Visual Inspection 
Physical Dimension Checks 
Lead Integrity — 

Glass Composition 
Bondability 

Intermetallic Layer Adhesion 
lonic Contaminants 
Thermal Characteristics 
Lead Coplanarity 

Plating Thickness 
Hermeticity 


Assembly Materials — 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


e Equipment Capability Control Charts 
- Oxygen 
- Resistivity 
© Control Charts Related to 
- Enhanced Gettering 
- Total Thickness Variation 
- Total Indicated Reading 
_+ Particulates =~ 
Certificated of Analysis for all Critical Parameters 
Control Charts from On-Line Processing 


Certicate of Analysis on all Critical Parameters 
Control Charts from On-Line Processing 
¢ Contro! Charts 

- Assay 

- Contaminants 

- Water 

- Selected Parameters 
¢ Control Charts 

- Assay 

- Contaminants 
¢ Control Charts on 

- Photospeed 

- Thickness 

- UV Absorbance 

- Filterability 

- Water 
Contaminants 


¢ Control Charts from On-Line Processing 
* Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 
Certificate of Analysis for all Critical Parameters 


Certificate of Analysis 
Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Manufacturing Science CAM 


In addition to SPC and DOX as key tools to control the 
product and processes, Harris is deploying other manage- 
ment mechanisms in the factory. On first examination, these 
tools appear to be directed more at schedules and capacity. 
However, they have a significant impact on quality results. 


Computer Alded Manufacturing (CAM) 


CAM is a computer based inventory and productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In addi- 
tion, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and 
aids in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a num- 
ber of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time 
in production areas awaiting processing. Lower inventory 
also improves morale and brings a more orderly flow to the 
area. CAM facilitates all of these advantages. 


Measurement 
Analytical Services Laboratory 


The Harris Analytical Laboratory is a company-wide techni- 
cal resource for the physical and chemical characterization 
of microelectronic materials and products. Harris Facilities, 
Engineering, Manufacturing, and Quality are supported by 
the laboratory. Organized as chemical or microbeam 
analysis methodology, staff and instrumentation from both 
areas cooperate in fully integrated approaches necessary to 
complete any analytical study. The lab is widely staffed and 
equipped to provide all manufacturing and operational 
functions with the following: 


e Real time materials and process analyses to support 
routine manufacturing and development. 


Cooperative planning of all analytical investigations. 


Development of new techniques and method refinements 
. aS necessary to support internal and external customer 
requirements. 


¢ Maintenance of awareness and accessibility to outside 
plant capabilities at commercial and university laboratories. 


¢ Materials analyses with ultimate concern for product yield, 
quality and reliability. 


The Microbeam Laboratory equipment is engaged principally 
in high resolution imaging and localized chemical analysis of 
microcircuits. The equipment includes: 


¢ Electron Beam Analysis - Scanning Auger Microprobe, 
Scanning Electron Microscopes, and _ Transmission 
Electron Microscope. 


¢ fon Beam Analysis - lon Microprobe, Secondary lon Mass 
Spectrometer, and lon Scattering Spectrometer. 


e X-Ray Analysis - Energy Dispersive X-Ray (SEM), Wave- 
length Dispersive X-Ray (SEM), X-Ray Photoelectron 
Spectrometer, X-Ray Diffraction, and X-Ray Fluorescence. 


The Chemistry Laboratory equipment affords a wide variety 
of analyses, capable for solid, liquid, and gaseous materials. 


e Spectroscopy - Emission Spectrograph, Fourier Transform 
Infrared Spectrophotometer, Ultraviolet-Visible Spectro- 
photometer, Organic Carbon Analyzer, Mass Spectrome- 
ter, Atomic Absorption Spectrophotometer (flame and 
graphite furnace) and an Inductively Coupled Plasma 
Emission Spectrophotometer. 


e Thermal Analysis - Differential Scanning Colorimeter, 
Thermogravimetric Analyzer Thermomechanical Analyzer. 


Separation Methods - Gas Chromatograph, lon Chromato- 
graph, Gas Chromatograph Mass Spectrometer, and 
Water, Oxygen, and Total Hydrocarbon Analyzers. 


Physical Testing - Profilometer, Microhardness Measure- 
ment, and Viscometers. 


e Wet Chemistry - Titrimetry, Gravimetry, specific lon 
Electrodes, Colorimeters, Bacteria Testing, and other 
qualitative chemical testing. 


Capability for all process/product Mil-Spec test method 
methodology is maintained by the laboratory. 


The department also maintains ongoing working 
arrangements with commercial, university, and equipment 
manufacturers’ technical service laboratories and can obtain 
any material analysis in cases where instrumental 
capabilities are not available in our own facility. 


Calibration Laboratory 


Another important resource in the product assurance system 
is Harris Semiconductors Calibration Lab. This area is 
responsible for calibrating the electronic, electrical, electro/ 
mechanical, and optical equipment used in both the 
production and engineering areas. The accuracy of 
instruments used at Harris in calibration is traceable to the 
National Bureau of Standards. The lab maintains a system 
which conforms to the current revision of MIL-STD-45662, 
“Calibration System Requirements." 


Each instrument requiring calibration is given a calibration 
interval based upon stability, purpose, and degree of use. 
The equipment is labeled with an identification tag on which 
is specified both the date of the last calibration and of the 
next required calibration. The Calibration Lab reports on a 
regular basis to each user department. Equipment out of 
calibration is taken out of service until calibration is 
performed. The Quality organization performs periodic 
audits to assure proper control in the using areas. Statistical 
procedures are used where applicable in the calibration 
process. 
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Failure Analysis Laboratory 


The Failure Analysis Laboratory's capabilities encompass 
the isolation and identification of all failure modes/failure 
mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. Research vital 
to understanding the basic physics of the failure is also 
undertaken. | 


Failure analysis is a method of enhancing product reliability 
and determining corrective action. It is the final and crucial 
step used to isolate potential reliability problems that may 
have occurred during reliability stressing. Accurate analysis 
results are imperative to assess effective corrective actions. 
To ensure the integrity of the analysis, correlation of the fail- 
ure mechanism to the initial electrical failure is essential. 


A general failure analysis procedure has been established in 
accordance with the current revision of MIL-STD-883, 
Section 5003. The analysis procedure was designed on the 
premise that each step should provide information on the 
failure without destroying information to be obtained from 
subsequent steps. The exact steps for an analysis are 
determined as the situation dictates. See Figures 4 and 5 
that represent the Failure Analysis Flow. Records are main- 
tained by laboratory personnel and contain data, the failure 
analyst's notes, and the formal Product Analysis Report. 


Reliability 
Reliability Assessment and Enhancement 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This 
starts by ensuring the excellence of the design, layout, and 
manufacturing process. The quality of the raw materials and 
workmanship is monitored using statistical process control 
(SPC) to preserve the reliability of the product. The primary 
and ultimate goal of these efforts is to provide full perfor- 
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FIGURE 2. NON-DESTRUCTIVE 


mance to the product specification throughout its useful life. 
Product reliability is maintained through the following 
sources. 


Qualifications 


Qualifications at Harris de-emphasize the sole dependence 
on production product which is only available late in the 
development cycle. The focus is primarily on the use of test 
vehicles to establish design ground rules for the product and 
the process that will eliminate any wearout mechanisms 
during the useful life of the product. However, to comply with 
the military requirements concerning reliability, product 
qualifications are performed. | * 


In-line Reliability Monitors — . 


In-line reliability monitors provide immediate feedback to 
manufacturing regarding the quality of workmanship, quality 
of raw materials, and the ultimate reliability implications. The 
rudimentary implementation of this monitoring is the "First 
Line of Defense," which is a pass/fail acceptance procedure 
based on control charts and trend analysis. The second level 
of monitoring is referred to as the “Early Warning System" 
and incorporates extensive diagnostic and characterization 
capabilities of various components that may impact the 
device reliability or stability. The quick feedback from these 
schemes allows more accurate correlation to process steps 
and corrective actions. 


Reliability Fundamentals 


Reliability, by its nature, is a mixture of engineering and 
probability statistics. This combination has derived a vocab- 
ulary of terms essential for describing the reliability of a 
device or system. Since reliability involves a measurement 
of time, it is necessary to accelerate the failures which may 
occur. This, then, introduces terms like “activation energy" 
and “acceleration factor," which are needed to relate results 
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of stressing to normal operating conditions (see Table 7). 
Also, to assess product reliability requires failures. There- 
fore, only a statistical sample can be used to determine the 
model of the failure distribution for the entire population of 
product. 


Failure Rate Primer 
Failure Rate Calculations 


Reliability data for products may be composed of several 
different failure mechanisms and requires.careful combining 
of diverse failure rates into one comprehensive failure rate. 
Calculating the failure rate is further complicated because 
failure mechanisms are thermally accelerated at varying 
rates and thereby have differing accelerating factors. 
Additionally, this data is usually obtained from a variety of life 
tests at unique stress temperatures. The equation (right) 
accounts for these considerations and then inserts a statisti- 
cal factor to obtain the confidence interval for the failure rate. 


In the failure rate calculation, Acceleration Factors (AFij) are 
used to derate the failure rate from thermally accelerated 
Life Test conditions to a failure rate indicative of use 
temperatures. Though no standards exist, a temperature of 
+55°C has been popular and allows some comparison of 


product failure rates. All Harris Semiconductor Reliability 
Reports will derate to +55°C at both the 60% and 95% 
confidence intervals. 


FIT = B xj 


K x109 xM 
i=1 x TDH, AF; 
ja 
B= # of distinct possible failure mechanisms 
K= # of life tests being combined 


Xi= # of failures for a given failure mechanism 
i= 1,2,...B 


TDGj Total device hours of test time (unaccelerated) for Life 
= Testj 


AFij = Acceleration factor for appropriate failure mechanism 
P= 1):2,404:K 


M = Statistical factor for calculating the upper confidence 
limit (M is a function of the total number of failures and 
an estimate of the standard deviation of the failure 
rates) 


TABLE 1. FAILURE RATE PRIMER 


GLOSSARY OF TERMS 


TERMS/DEFINITIONS : UNITS/DESCRIPTION 


FAILURE RATE 2 
For Semiconductors, usually expressed in FITs. 


Represents useful life failure rate (which implies a constant 
failure rate). 


FITs are not applicable for infant mortality or wearout failure 
rate expressions. 


MTTF - Mean Time To Failure 


For semiconductors, MTTF is the average or mean life ex- 
pectancy of a device. 


if an exponential distribution is eecamed then the mean time 
to fail of the population will be when 63% of the parts have 
failed. | 


CONFIDENCE INTERVAL (C. 1.) 


Establishes a Confidence Interval for failure rate predic- 
tions. Usually the upper limit is most significant in express- 
ing failure rates. 


FIT - Failure In Time 


1 FIT -1 failure in 109 device hours. 


Equivalent to 0.0001%/1000 hours 


FITs = 
# Failures x 10° xm 
# Devices x # hours stress x AF 

m- Factor to establish Confidence Interval 
10° - Establishes in terms of FITs 


AF - Acceleration Factor at lemperatuie for a given failure 
mechanism 


Mean Time is measured ene in hours or years. 
1 Year = 8760 hours 


When working with a constant failure rate the MTTF can be 
calculated by taking the reciprocal of the failure rate. 


MTTF = IVA (exponential model) 
Example: =10 FITs at +55°C 


The MTTF is: MTTF =I =0.1x 109 hours 
= 100M hours 


Example: 


“10 FITs @ a 95% C. |. @ 55°C” means only that you are 
95% certain the the FITs <10 at +55°C use conditions. 
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Acceleration Factors 


The Acceleration Factors (AF) are determined from the 
Arrhenius Equation. This equation is used to describe phys- 
iochemical reaction rates and is an appropriate model for 
expressing the thermal acceleration of semiconductor failure 


mechanisms. | 
AF = EXP i ( 1 . 1 ) | 
K Tuse Tstress 
AF = Acceleration Factor 
E, = Thermal Activation Energy in eV from Table 8 
K = Boltzmann’s Constant (8.62 x 10°5 eV/°K) 


Both Tuse and Tstress (in degrees Kelvin) include the inter- 
nal temperature rise of the device and therefore represent 
the junction temperature. With the use of the Arrhenius 
Equation, the thermal Activation Energy (E,) term is a major 
influence on the result. This term is usually empirically 
derived and can vary widely. 


Activation Energy | 


To determine the Activation Energy (E,) of a mechanism 
(see Table 8) you must run at least two (preferably more) 
tests at different stresses (temperature and/or voltage). The 


ny 


stresses will provide the time to failure (Tf) for the 
populations which will allow the simultaneous solution for the 
Activation Energy by putting the experimental results into the 
following equations. » % | 


In (ty) = C + E, 


In (tf) = C + &E, 
KT, | 


KT» 


Then, by subtracting the two equations, the Activation 
Energy becomes the only variable, as shown below. 


In(tys) = In(tyo) = Eq/k(1/T1-1/T2) 
Eq =K* ((In(tyy) - In(tyg) (1/11 - 1/72) 


The Activation Energy may be estimated by graphical analy- 
sis plots. Plotting In time and In temperature then provides a 
convenient nomogram that solves (estimates) the Activation 
Energy. 


Table 9 is a summary of military generic groups by process 
descriptions. 


All Harris Reliability Reports from qualifications and Group 
Ci (all high temperature operating life tests) will provide the 
data on ail factors necessary to calculate and verify the 
reported failure rate (in FITs) using the methods outlined in 
this primer. 


TABLE 2. FAILURE MECHANISM 


FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY 
Oxide Defects 0.3 - 0.5eV Hi ing li 
voltage stress. Defect density test vehicles. 
Silicon Defects 0.3 - 0.5eV HTOL & voltage stress screens. 
(Bulk) 
Highly accelerated stress testing (HAST) 


Assembly 
Defects 


Electromigration 
- AlLine 
- Contact 


vated temperatures. 


Mask Defects/ 
Photoresist 


Defects and HTOL. 


Contamination 


Charge Injection 


Test vehicle characterizations at highly ele- 


Mask FAB comparator, print checks, defect 
density monitor in FAB, voltage stress test 


C-V stress at oxide/interconnect, wafer FAB 
device stress test (EWS) and HTOL. 


1.3eV HTOL & oxide characterization. 


tistical Process Control of assembly processes 
proper handling methods. 


Design ground rules, wafer process statistical pro- 
cess steps, photoresist, metals and passivation 


Clean room control, clean mask, pellicles Statisti- 
cal Process Control or photoresist/etch processes. 


Statistical Process Control C-V data, oxide/inter- 
connect cleans, high integrity glassivation and 
clean assembly processes. 


Design ground rules, wafer level Statistical Pro- 
cess Control and critical dimensions for oxides. 
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Qualification Procedures 


New products are reliably introduced to market by the proper 
use of design techniques and strict adherence to process 
layout ground rules. Each design is reviewed from its 
conception through early production to ensure compliance to 
minimum failure rate standards. Ongoing monitoring of 
reliability performance is accomplished through: compliance 
to MIL-STD-883 and standard Quality Conformance 
Inspection as defined in Method 5005. New process/product 
qualifications have two major requirements imposed. First is 
a check to verify the proper use of process methodology, 


design techniques, and layout ground rules. Second is a 
series of stress tests designed to accelerate failure 
mechanisms and demonstrate the reliability of integrated 


circuits. From the earliest stages of a new product's life, the 


design phase, through layout, and in every step of the 
manufacturing process, reliability is an integral part of every 
Harris Semiconductor product. This kind of attention to detail 
"from the ground up" is the reason why our customers can 


_expect the highest quality for any application. 


TABLE 9. HIGH TEMPERATURE OPERATING LIFE TEST SUMMARY 


SAJI4RH 


16K PROM 
MUX, Switches 
Op Amps 


80C86RH 
Family 
80C85RH 
Family 


DI CMOS 8 


© 


DI Bipolar 170 


SAJI4RH 762 


- Sandia 4/3 


5 


PROCESS QUANTITY HOURS AT | +55°C LIFETEST 
GROUP NAME | DESCRIPTION QUANTITY FAILS +125°C FITS | 95% UCL MTTF DATES 
CD4000 Metal Gate epi 20,288 2.62 x 10’ 4.0 x 10° 
CMOS 
HCS/HCTS SOSLT | 352 | 2.77 x 10° 3.4 x 108 2-'91 to 3-92 
ACS/ACTS TSOS4 5.13 x 10° 14 7.3 x10" 10-'91 to 
3-'92 
16K SRAMs SAJI5RH paar 4.15 x 10° 


9.14 x 105 173 


1-'86 to 3-92 


1-’89 to 3-92 


7.85 x 10° 1-90 to 3-92 


87 1.2x 10" 


4.71x 10° 8-'87 to 3-'92 
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_ FLOW - PRODUCT DEVELOPMENT 


PRODUCT DEFINITION REVIEW 
CONCEPT REVIEW 


DESIGN REVIEW PART 1 


DESIGN REVIEW PART2 


LAYOUT REVIEW PART1 | 


} LAYOUT REVIEW 2 


| EVALUATION REVIEW | 


NEW PRODUCT TRANSFER 


MANUFACTURE 


CONTINUOUS IMPROVEMENT 


RELIABILITY FOCUS 


e Assumes Process Development Required 


ae 


e Evaluate Reliability Risks Factors 

¢ Attain Commitment for Test Vehicle (T.V.) Development 

° Review Test Vehicle Development and Stress Test Plan 

¢ Review Package Requirements | | m2 

¢ Review Latent Failure Mechanism History for Design Sensitivity and Elimination 

e Review Ground Rules for Design and Elimination of Wearout Mechanisms 

e Review Process Characterization, Statistical Control & Capability which are De- 
sign Considerations 

¢ Review Test Vehicle Stress Results 

¢ Review Device Modeling & Simulations 


© Review Process Variability & Producibility 


¢ Define Wafer Reliability Monitor Vehicles, Application of Early Warning System 


ak 


° Verify Wearout Mechanisms are Eliminated by Design & Process Control 
(Test Vehicle + SPC) 

¢ Evaluate Design of Chip ta Package Risk Factors 

e¢ Review Ground Rule Checks (DRCs) | 

¢ Establish Reliability Test, Stress and Failure Analysis Capabilities. Project Fail- 
ure Rate Based on T.V. Data. 

¢ Review Burn-In Diagrams for Production and Qualification 

¢ Review Overall Qualification Plan & Begin Balance of Life Test 

* Review Product Characterization to Data Sheet, ESD, Latch-up & DPA Results 
& Define Corrective Actions | ; 

° Review of Life Test Data & Failure Mechanisms. Define Corrective Actions 

¢ Utilize Statistical Design of Experiments (DOX) if Required to Adjust Process or 
Design. i : 3 

¢ Define Necessary Changes to Eliminate Any Systematic Failure Mechanism 


© If Mature Process - Grant Generic Release 


aekK 


* Qualification Requirements Complete and Presented. Meet FIT: Rate Requirements 
¢ Review Infant Mortality (1.M.) Burn-in Results. If Greater Than 1% at +125°C 
Determine |.M. Burn-in Requirements 
¢ Reliabiltiy Monitors: 
- Real Time Early Waming Wafer Level Reliability control 
- Real Time Reliability Control of Burn-in PDA with Control Charts 
- Add-On Life Testing: - Mil Std Group C & D 
- Industria/Commercial Life Testing 
¢ Trend Analysis of Reliability Performance Used to Develop Product Improve- 
ments 
e Special Studies 


xk 


¢ High Quality and Reliability Products to Harris Customers 


¢ Failure Analysis - Determine Assignable Cause of Failure 


¢ Closed Loop Corrective Action Process 
¢ Continuous Improvement Objectives in Product Reliability & Quality 


FIGURE 4. NEW PROCESS PRODUCT DEVELOPMENT AND LIFE CYCLE 
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JAN/SMD Certification 


Harris Semiconductor has been an active participant in the 
JAN program since 1972 when it became the first 
manufacturer to JAN qualify a PROM. In the years since 
then, Harris has continued to offer an expanding line of JAN 
qualified devices including MIL-M- 38510 JAN Class S line 
certification for the manufacture of radiation-hardened 
products. The complete listing of JAN Class S and Class B 
devices can be found in Section 16. 


Harris is also an active participant in the Standard Military 
Drawing (SMD) Program. The SMD provides standardized 
Mil-Std-883 processing in conjunction with compliant, non- 


JAN devices as specified in paragraph 1.2.1 of Mil-Std-883. . 


Manufacturer's qualified to supply a particular SMD device 
are listed in the back of the individual DESC drawing. 


Radiation Hardening 


Military, space and industrial electronic systems are 
receiving increasing demands for higher immunity from the 
damage that radiation can inflict upon them. The optimiza- 


tion of radiation hardness is a systems problem which flows. 


through to each subsystem and component integrated 
circuit. Harris Semiconductor is the leader in providing 
radiation hardened microcircuits for systems designed to be 
exposed to space or nuclear events. 


An integrated circuit can be classified as radiation hardened, 
radiation tolerant, or radiation resistant. Radiation hardened 
devices are guaranteed to meet full parametric levels 
specified in the data sheets up to the radiation level 
specified. Functional failure of a radiation hard device can be 
10-100 times greater than the parametric levels listed in the 
respective data sheet. Devices classified as radiation 
tolerant or radiation resistant typically meet functional failure 
levels that are not guaranteed. mere is achieved 
through: 


° Design 
e Special fabrication processes 
¢ Continuous screening and quality control 


Radiation affects circuits primarily through two basic mecha- 
nisms: displacement damage and ionization. Displacement 
damage occurs when high energy neutrons penetrate the 


semiconductor crystal lattice and physically dislocate atoms 


within the structure. It permanently affects lifetime, carrier © 


mobility, leakage current, and bipolar device gain. lonizing 
radiation effects can cause interface charge accumulation, 
which modifies MOS device thresholds and induces parasitic 
leakage paths. Both effects adversely affect IC performance. 
After a device technology has been selected, the circuit is 
designed to take maximum advantage of the parcening 
options available for that technology. 


BIPOLAR: 

¢ Stabilizing expected gain 

¢ Maximum emitter current density 

e Guard-banding for increased resistor values 
MOS: 


e Allowances for changes in threshold ae and leakage 
currents 


e Dielectric isolation 


-e P+ guard-bands of N-channel transistors 


Processing also lends hardness to these circuits. By 
minimizing gate oxide thickness, employing “hardened 
oxides," and utilizing proprietary hardening processes, 
Harris Semiconductor delivers circuits with higher packing 
densities and lower redesign costs. | 


Reliability is an issue that has distinguished Harris Semicon- 
ductor as a leader in the design and manufacture of radiation 
hardened memories, microprocessors, op amps, and full 
custom devices. Strict lot qualification, screening and testing 
procedures are maintained, along with stringent radiation 
screening procedures. All wafers in a run are processed 
together through all high temperature steps and 
metallization, and a sample of probed good dice is selected. 


These dice are assembled and tested for functionality, then 


subjected to the total dose radiation level guaranteed. for 
each device, using Harris’s own Gammacell 220 Cobalt 60 
source with conditions specified by Mil-Std-883, method 
1019 or customer requirements. The samples are then 
tested and accepted by previously defined criteria. 
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Screening Levels 


Harris Mil-Std-883 Compliant Screening Flows 


| REQUIREMENT _ 
CLASS S_ 


METHOD PER MIL-STD-883 


> 
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= 

© 
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Qa. 


Wafer Lot Acceptance. 
SEM (Traceable to Diffusion) 
Wire Bond Pull Monitor. 


5007. 
Yes 


2011, condition D, LTPD = 10 on number of leads pulled, 2 


units minimum 


Die Shear Monitor 2019, 2(0) 


‘Gamma Radiation Assurance 
Tests 

Nondestructive Bond Pull 
Internal Visual Inspection Condition B 
Customer Source Inspection Per detail partdrawing—- 
Temperature Cycling 1010 condition C, 10 cycles 

2001, Y1 orientation, 30Kg 

2020, condition A, 20g Yes 

Visual Inspection None, Missing leads, broken packages, lids off 


Initial Electrical Test . 
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@ 
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Constant Acceleration 
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Particle Impact Noise Detection 
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At Harris’ discretion Yes 


< 
oO 
w 


Per detail part drawing Yes 


~< 
© 
” 


Serialization None. No duplication of numbers in a single datecode 


< 
© 
Q 


Radiographic Inspection ‘| 2010, 2 copies, 2 views 
+25°C Electrical Test 


Burn-in, Static 


Per detail part drawing with datalog of selected parameters 
1015, condition A or B, 72 hours minimum at 125°C 
1015, condition A, B or D, 160 hours at 125°C or equivalent Y 


Per detail part drawing with datalog of selected parameters Go/}| Yes No .No Yes 
no-go per detail part drawing 


~< 
Oo] 
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Burn-in 
+25°C Electrical Test 


fee] 
77) 


@ 
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Delta Calculation 


Burn-in, Dynamic 


Per detail part drawing Yes - 
1015, condition D, 240 hours minimum at 125°C Yes 


Percent Defective Allowable 5% on +25°C DC and W fails combined. 3% on +25°C functional Yes No 
failures. 5004, para 3.5.1, 5% on subgroup 1 (+25°C DC) failures 


Per detail part drawing with datalog of selected parameters Go/ 
no-go per detail part drawing 


1014, condition A or B 

1014, condition C Yes Yes 
Per detail part drawing 

-55°C or +125°C Electrical Test | Go/no-go per detail part drawing 
‘External Visual Inspection 


No Yes 


-55°C or +125°C Electrical Test Yes No No Yes 


Fine Leak Test 
Gross Leak Test 
Marking 


< 
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Group A Inspection 5005, Table 1, 116/0, each lot. Para 3.5.1 of 5005 exercized Y 


© 
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S 


Per detail part drawing As required 
|. 5005, Table 2A, 5005, Table 2B YesNo _ No Yes 
5005, Table 3, every four quarter or as required Yes 
5005, Table 4, every 52 weeks or as required Yes Yes 
. 2009 on shippable QC! units Yes Yes 
For details explaination please refer to latest version of Mil-Std-833. 
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1. Internal visual (pre-cap) 
inspection (Note 1) 
POWERFETs 
Microwave transistors 
Transistors 
Diodes 


2. High temperature life Non- 
operating life (stabilization 
bake) 


3. Temperature cycling 


Surge (as specified) (Note 
2) Thermal response (as 
specified) 

Transistors, POWERFETs 
Bipolar 

Diodes 

IGBT 

GaAs 


4. Constant acceleration 
(see 4.6) 


5. Particle impact noise de- 
tection (Note 4) 


6. Instability shock test (axial 
lead diodes only) (Note 5) 
a. Forward instability 
shock test (FIST) 
b. Backward instability 
vibration test (BIST) 


7. Hermetic seal 
a. Fine 


8. Serialization 


9. Interim electrical 
parameters | 


See Notes at End of Table 


Mil-S-19500H 


TABLE Il. SCREENING REQUIREMENTS 


MIL-STD- JANS JANTXV JANTX 
750 REQUIRE- REQUIRE- REQUIRE- 
METHOD CONDITION MENTS MENTS MENTS 


2069 2070 100% 
2072 2073 
2074 
When specified 


Optional 


No dwell is required at 25°C. 
Test condition C, except step 3 at 
175°C, +5°C, -0°C, 20 cycles, 
t(extremes) > 10 min 


4066 Condition B, as specified 
As specified 


31613131 
3101 
3103 3104 


Y1 direction at 20,000 G min ex- | 100% except Optional Optional 
cept at 10,000 G min for devices | not required for (Note 3) (Note 3) 
with power rating of 2 10 watts at | metallurgically 


Tc = +25°C. The 1 minute hold | bond diodes 
time requirement shall not apply 


Condition A 100% 
See 4.6.4.2 


2006 
100% 100% ; 
2081 
2082 
1071 Test condition G or H, max leak Optional 100% (Note 6) | 100% (Note 6) 
rate = 5 x 10° atm cc/s except 5 
x 10°” atm cc/s for devices with | 
internal cavity > 0.3 cc. Omit for 
double plug diodes 
- 100% (Note 6) | 100% (Note 6) 


As specified 100% For case For case 
(Read and mounted mounted 
record) rectifiers as rectifiers as rec- 
specified tified 


QUALITY & 
RELIABILITY 
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Mil-S-19500H 


TABLE Il. SCREENING REQUIREMENTS (Continued) 
MIL-STD- 


JANS JANTXV JANTX 
750 REQUIRE- REQUIRE- REQUIRE- 
METHOD MENTS | MENTS MENTS 


10. High temperature reverse 
bias (HTRB) 


48 hours min at Ta, (Tg, or T, is 
optional). = 150°C (min) and 
munimum applied voltage as 
follows: 

a. Transistors - 80% to 85% 
(min) of rated Veg (bipolar, 
Veas(FET), or Vpg(FET) as 
applicable. Test condition B 

b. POWERFETs - 80% to 85% 
of rated Ves. Test condition B 

c. Diodes (except LEDs and 

zeners) 80% to 85% of rated 

Vr, or 95%-100% of Vawn 

when half sine condition is 

specified. Test condition A 


a. Transistors 


b. POWERFETs 


c. For diodes and 
recitifers 


11. Interim electrical and delta As specified but including all 100% (measure | 100% (measure | 100% (measure 
parameters for PDA (see delta parameters as a minimum. all specified all specified all specified 
4.6.1) For stud rectifiers as Leakage current shall be parameters with- | parameters with- | parameters with- 
a minimum seasured on each device before | in 16 hrs after in 24 hrs after in 24 hrs after 


any other test is made removal of ap- 
plied voltage in 
HTRB. Record 
those parame- 
ters which have 
a delta limit). 


(See screen 13 


removal of ap- 
plied voltage in 
HTRB. Record 
those parame- 
ters which have 
a delta limit). 
(See screen 13 


removal of ap- 
plied voltage in 
HTRB. Record 
those parame- 
ters which have 
a delta limit). 
(See screen 13 


100% 
240 hrs (min) 


specified : 
Transistors. Test condition B 
b. POWERFETs (see 4.6.7) Co- 
dition C shall precede condi- 
tion A 


12. Power burn-in 
a. Bipolar transistors 
b. POWERFETs 


100% 
160 hrs (min) 


100% 


As 
a. 160 hrs (min) 


1. Test condition C 240 hrs (min) . 7 
2. Test condition A 160 hrs (min) 160 hrs (min) 160 hrs (min) 
c. Diodes, zeners and c. Diodes, zeners (except case 240 hrs (min) 96 hrs (min) -96 hrs (min) 


rectifiers mounted rectifier packages 
for JANTX and JANTXV) Test 
condition B 


. Thyristors 


d. Thyristors (Note 8) 240 hrs (min) 96 hrs (min) 96 hrs (min) 


13. Final electrical test As specified . - 100% 100% 100% 


(See 4.6 and 4.6.5) . 

a. Interim electrical & delta All interim and delta parameter | Interim electri- Interim electri- Interim electri- 
parameters for PDA see measurements must be completed | cal and delta cal and delta cal and delta 
(4.6.1) within 96 hrs after removal from | parametersasa | parametersasa | parametersasa 

a burn-in conditions min. (Read & min. (Read & min. (Read & 
record) — record) _ record) 
| (See 4.6.3.2.) |} (See 4.6.3.2.) 
b. Other electrical Group A, Group A, Group A, 


parameters Subgroup 2&3 | Subgroup 2 Subgroup 2 


14. Hermetic seal 1071 (Same as 7 above) (Note 9) 100% Optional Optional 
a.Fine (Note 6) . (Note 6) 
b.Gross 


15. Radiography 2076 (Note 9) 100% 


16. External visual examination 2071 To be performed after complete 100% Ce 
marking 


See Notes Next Page 
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NOTES: 


Is 
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8. 


—_—— 
_— 
9. 


Visual inspection (method 2074) on clear glass diodes shail be performed any time prior to screen 8. 


2. Shall be performed any time before screen 13. Surge shall precede thermal response when both tests are performed. 
3. 
4. PIND is not applicable to any device with external and internal pressure contacts (die to electrical contacts) optical coupled isolators, and 


Constant acceleration shall be performed on gold bond devices. 


double plug diodes. PIND screening may be performed any time after screen 4 when imposed by contract or purchase order (see 
3.7.6.1). 


. Omit BIST and FIST tests for double plug or case-mounted diodes. Omit FIST test for temperature compensated referenced diodes. 
. Fine and gross seal leak test for JANTX and JANTXV shall be performed in either screen 7 or screen 14. 
. For JANS only, zener diodes shall be subjected to high temperature reverse bias at 80% to 85% of nominal VZ for VZ = 10VZ. Omit test 


for devices with VZ < 10VZ. 
For JANTX and JANTXV levels full wave-blocking test shall replace power burn-in for all thyristors. 


The radiographic and seal screens for JANS may be performed in any order following final electrical test. Glass diodes shall not be painted 
until after seal tests. When hermetic seal testing is performed in screen 7 it does not have to be performed again in screen 14 for double 
plug diode construction. 


Assembly Location Identification Codes 


The following codes will identify assembly locations for devices 
branded with Harris Logo or equivalent Manufacturers Code. The following codes have been retired from the previous table. 


E - Swire Technologies, Hong Kong 


RETIRED 
A - Philip, Taiwan 3-16-90 
B - ASE, Taiwan 3-16-90 
C - Intersil, Chinteik, Thailand 12-1-89 (to “W”) 
D - DYNETICS, Manila, Philippines 1-5-88 
E - SHARP, Japan 1-5-88 


K - Comtronics, Philippines 1-5-88 


L - GE Ceramics, Chattanooga, Tennessee 11-3-89 
S - Harris, Singapore 10-15-90 
V - Toshiba, (Buy/Resell Power) 1-5-88 
W - West Palm Beach, Florida 1-5-88 
X -- Rohm, Japan 1-5-88 
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INFORMATION 


Package Outlines 


Dual-In-Line Ceramic Packages 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. . 


.4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 


partial lead paddle. For this configuration dimension b3 replaces 


dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


7. Dimension Q shall be measured from the seating plane to the 
base plane. 


8. Measure dimension $1 at all four corners. 
9. Nis the maximum number of terminal positions. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


F14.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 
16 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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Package Outlines 


Dual-In-Line Ceramic Packages (Continued) | F20.3 MIL-STD-1835 GDIP1-T20 (D-8, CONFIGURATION A) 
| 20 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 


MILLIMETERS 


cl LEAD FINISH 


INCHES 


> 
fo) 
_ 
oN 
fo) 
ie) 
= 


(>) 
io) 
NO 
Oo 


4 


Oo 
oO 
at 
> 
oO 
(o) 
nm 
(ov) 


O1oO 
S(Si8 
DC] Oo} © 
Oro}; o 
O1o]o 
—_ fm] 
($0 eek me.) 


oO jo) 
> io) 
om @ 


| 0.20 
[2 
0.220 


058 


(=) 
Ci OT dd 
NPRM} © 


oO? 


i 
(o) 
fo?) 
o) 


-) 
io) 
ak 
io) 
‘NI 


BASE 
LOE 
SEATING 
PLANE | 


0200 | sie | 508 
0.070. | 0.38 | 1.78 7 


ra) 
o]o 
=| 
o 
=] 
J 
re) 


al 
o 


io) 
id 
an ° 


So 
° 
ro) 
—_ 
on 
ro) 
ro) 
a) 
or) 


F24.6 MIL-STD-1835 GDIP1-T24 (D-3, CONFIGURATION A) 


NOTES: | 
24 LEAD FRIT SEAL DUAL-IN-LINE CERAMIC PACKAGE 


1. Index area: Anotch or apin one identification mark shall be locat- 

- ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used ° 
as a pin one identification mark. 


a 
° 
nO 
o>) 


2. The maximum limits of lead dimensions b andcorMshallbe 
measured at the.centroid of the finished. lead surfaces, when sol- 0.023 
. der dip or tin plate lead finish is applied. : 
_ 3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
. M applies to lead plating and finish thickness. : | 
0. 
4. Corner leads (1, N, N/2, and N/2+1) may be configured witha - 
partial lead paddle. For this configuration dimension b3 replaces ; 
dimension b1. | 1.290 
_ 5. This dimension allows for off-center lid, meniscus, and glass -500 0.610 3 
overrun. a . 0.100 BSC | 2.54 BSC 
"6. Pointed or rounded lead tips are preferred to ease insertion, but 0.600 BSC 15.24 BSC: 
are not mandatory. 4 1% 0.300 BSC 7.62 BSC 
7. Dimension Q shall be measured from the seating plane to the 0.12 ; 
base plane. 0.015 0.075 


8. Measure dimension S1 at all four corners. 
9. Nis the maximum number of terminal positions. 
_ 10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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PACKAGING 
INFORMATION 


Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 
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SECTION A‘A 


NOTES: - 


_1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall-be located within the shaded 

. area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. | \ a, 


2. The maximum limits of lead dimensions b and c or M shall be 


- measured at the centroid of the finished lead surfaces, when sol-_ 


der dip or tin plate lead finish is applied. 


3. Dimensions b1 and ci apply to lead base metal only. Dimension 
'  Mapplies to lead plating and finish thickness. . 


4, Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
~ dimension b1, - 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. i. or . 


6. Pointed or rounded lead tips are preferred to ease insertion, but - 


are not mandatory. 


_7. Dimension Q shall be measured from the seating plane to the 
base plane. . 


8. Measure dimension S1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the . 


- nearest metallization or lead. 

. Nis the maximum number of terminal positions. 

11. Braze fillets shall be concave. | 

. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


D14.3 MIL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 
14 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


MILLIMETERS 


785 


MAX | MIN | 
| 0.200 | - 
| 0.026 | 0.36 | 
| 0.023 | 0.36 
| 0.065 | 1.14 | 
| 0.045 | 0.58 
| 0.018 | 0.20 
| 0.015 | 0.20 | 
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D16.3 MIL-STD-1835 CDIP2-T16 (D-2, CONFIGURATION C) 
16 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE. — 
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Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 
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NOTES: 


1. Index area: Anotch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shail be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
-measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


7. Dimension Q shall be measured from the seating plane to the 
base plane. 


8. Measure dimension S1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


10. Nis the maximum number of terminal positions. 
_ 11. Braze fillets shall be concave. . 
12. Dimensioning and tolerancing per ANS! Y14.5M - 1982. 
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18 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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D20.3 MIL-STD-1835 CDIP2-T20 (D-8, CONFIGURATION C) 
20 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


INCHES MILLIMETERS 
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PACKAGING 
INFORMATION 


Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 022.4 MIL-STD-1835 CDIP2-T22 (D-7, CONFIGURATION C) - 
or ae ; | ss". 22, LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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NOTES: eo i _ . D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
| 24 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 


INCHES ‘| «MILLIMETERS 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


_ 3. Dimensions b1 andc1 apply to lead base metal only. Dimensio 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 
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6. Pointed or rounded lead tips are preferred to ease insertion, but — 
are not mandatory. i 


0.600 BSC 15.24 BSC 
0.300 BSC 7.62 BSC 
0.120: 


eA 
| eA/2 
7. Dimension Q shall be measured from the seating plane to the L- 
base plane. a 


a 
Oo 
(es) 
© 


0.075 
8. Measure dimension $1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the 
| nearest metallization or lead. | a 


10. Nis the maximum number of terminal positions. 
11. Braze fillets shall be concave. © | 
12. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 


a eee eee ees Se 


15-6 


Package Outlines 


Dual-In-Line Ceramic Packages (Continued) 
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SECTION A-A 


NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when sol- 
der dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b1. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Pointed or rounded lead tips are preferred to ease insertion, but 
are not mandatory. 


7. Dimension Q shall be measured from the seating plane to the 
base plane. 


8. Measure dimension S1 at all four corners. 


9. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. | 


10. N is the maximum number of terminal positions. 
11. Braze fillets shall be concave. 
12. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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28 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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40 LEAD METAL SEAL DUAL-IN-LINE CERAMIC PACKAGE 
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Package Outlines 


Ceramic Flatpack Packages 
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‘SECTION A-A 
NOTES: 


1. Index area: A notch or apin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. Alternatively, a tab (dimension 
k) may be used to identify pin one. 


2. Ifa pin one identification mark is used in addition to a tab, the lim- 
its of dimension k do not apply. 


3. This dimension allows for off-center lid, meniscus, and glass 
overrun. : 


4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b andc or M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. . . 


5. Nis the maximum number of terminal positions. 
6. Measure dimension.S1 at all four corners. 


7. For bottom-brazed lead packages, no organic or polymeric mate- 
rials shall be molded to the bottom of the package to cover the 
leads. ; 


8. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. — 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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16 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 


NOTES: 


1. 


Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. 


. Ifapin one identification mark is used in addition to a tab, the lim- 


its of dimension k do not apply. 


. This dimension allows for off-center lid, meniscus, and glass 


overrun. 


. Dimensions b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b andc or M shall be measured at the cen- 


troid of the finished lead surfaces, when solder dip or tin plate 


lead finish is applied. 


5.. N is the maximum number of terminal positions. 


. Measure dimension S1 at all four corners. 
. For bottom-brazed lead packages, no organic or polymeric mate- 


rials shall be molded to the bottom of the package to cover the 
leads. 


. Dimension Q shall be measured at the point of exit (beyond the 


meniscus) of.the lead from the body. Dimension Q minimum 


~ shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 


der dip lead finish is applied. 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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K24.A MIL-STD-1835 CDFP4-F24 (F-6A, CONFIGURATION B) 


24 LEAD METAL SEAL CERAMIC FLATPACK PACKAGE 
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Package Outlines 


Ceramic Flatpack Packages (Continued) ' 
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SECTION A-A 


NOTES: 


1. 


Index area: A notch or a pin one identification mark shall be locat- 


- ed adjacent to pin one and shall be located within the shaded 


area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. 


_ Ifa pin one identification mark is used in addition to a tab, the lim- 


its of dimension k do not apply. . 


. This dimension allows for off-center lid, meniscus, and glass. 


overrun. ; 


. Dimensions.b1 and c1 apply to lead base metal only. Dimension 


M applies to lead plating and finish thickness. The maximum lim- 


_its of lead dimensions b andc or M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 


lead finish is applied. : 


. Nis the maximum number of terminal positions. 
. Measure dimension S1 at all four corners. 


7. For bottom-brazed lead packages, no organic or polymeric mate- 


rials shall be molded to the bottom of the package to cover the 
leads. 


. Dimension Q shall be measured at the point of exit (beyond the 


meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. . . 


. Dimensioning and tolerancing per ANSI Y14.5M --1982. 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 
NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. Alternately, a tab (dimension k) 
may be used to identify pin one. 


2. Ifa pin one identification mark is used in addition to a tab, the lim- . 


its of dimension k do not apply. 


3. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b and c or M shall be measured at the cen- 
troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. . 


5. Nis the maximum number of terminal positions. 
6. Measure dimension S1 at all four corners. 


7. For bottom-brazed lead packages, no organic or polymeric mate- 
rials shall be molded to the bottom of the package to cover the 
leads. | 


8. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shall be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish is applied. 


9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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PACKAGING 
INFORMATION 


Package Outlines 


Ceramic Flatpack Packages (Continued) 
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SECTION A-A 
NOTES: 

1. Index area: A notch or a pin one identification mark shall be located 
adjacent to pin one and shall be located within the shaded area 
shown. The manufacturer's identification shall not be used as a pin 
one identification mark. Alternately, a tab (dimension k) may be used 
to identify pin one. 

2. Ifa pin one identification mark is used in addition to a tab, the limits of 
dimension k do not apply. 

_ 3. This dimension allows for off-center lid; meniscus, and glass overrun. 


NOTES: . 

1. Index area: A notch or a pin one identification mark shall be located 
adjacent to pin one and shall be located within the shaded area 
shown. The manufacturer's identification shall not be used as a pin 
one identification mark. 2 

1. Dimension Q shall be measured at the point of exit (beyond the me- 

' niscus) of the lead from the body. Dimension Q minimum shall be re- 


duced by 0.0015 inch (0.038mm) maximum when solder dip lead | 


finish A is applied. 

1. This dimension allows for off-center lid. 

1. The basic lead spacing is 0.050 inch (1.27mm) between center lines. 
Each lead centerline shall be located within + 0.005 inch (0.13mm) 
of its exact longitudinal position relative to lead 1 and the highest 
numbered (N) lead. 

1. Allleads: increase maximum liimit by 0.003 inch (0.08mm) measured 
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4. Dimensions b1 and c1 apply to lead base metal only. Dimension M 
applies to lead plating and finish thickness. The maximum limits of 
lead dimensions b and c or M shall be measured at the centroid of 
the finished lead surfaces, when solder dip or tin plate lead finish is 
applied. 

. Nis the maximum number of terminal positions. 

. Measure dimension S1 at all four corners. 

. For bottom-brazed lead packages, no organic or polymeric materials 
shall be molded to the bottom of the package to cover the leads. 

. Dimension Q shall be measured at the point of exit (beyond the me- 
niscus) of the lead from the body. Dimension Q minimum shall be re- 
duced by 0.0015 inch (0.038mm) maximum when solder dip lead 
finish is applied. |. A 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
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at the center of the flat, when lead finish A (solder dip) is applied. 

1. Total number of.spaces = (N - 2). Symbol “N’” is the maximum number 
of leads. 

1. Measure all four corner leads. 

1. For bottom-brazed lead configuration. When this configuration is 
used, no organic or polymeric materials shall be molded to the bot- 
tom of the package to cover the leads. 
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Package Outlines 


Ceramic Flatpack Packages (Continued) 
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NOTES: 

1. Index area: A notch or a pin one identification mark shail be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. Alternatively, a tab (dimension 
k) may be used to identify pin one. 

2. Ifa pin one identification mark is used in addition to a tab, the lim- 
its of dimension k do not apply. 

3. This dimension allows for off-center lid, meniscus, and glass 
overrun. 

4. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. The maximum lim- 
its of lead dimensions b andc or M shall be measured at the cen- 
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troid of the finished lead surfaces, when solder dip or tin plate 
lead finish is applied. 

5. Nis the maximum number of terminal positions. 

6. Dimension Q shall be measured at the point of exit (beyond the 
meniscus) of the lead from the body. Dimension Q minimum 
shail be reduced by 0.0015 inch (0.038mm) maximum when sol- 
der dip lead finish A is applied. 
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3 LEAD JEDEC HERMETIC METAL PACKAGE 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC outline TO-254AA dated 11-86. 


2. Add typically 0.002 inch (0.05mm) for solder coating. 
3. Lead dimension (without solder). 


4. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of dimension D. 


5. Die to base BeO isolated, terminals to case ceramic isolated. 
6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 
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INFORMATION 


Package Outlines 


Hermetic Metal Packages (Continued) 
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3 LEAD JEDEC HERMETIC METAL PACKAGE 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC T0-257AA dated 9-88. 


2. Add typically 0.002 inch (0.05mm) for solder coating. . 
3. Lead dimension (without solder). 


4. Position of lead to be measured 0.150 inch (3.81mm) from bottom | 
of dimension D. 


5. Die to base Be0 isolated, terminals to case ceramic isolated. - 
6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 


TO-258 
3 LEAD HERMETIC METAL PACKAGE 


NOTES: 

1. No current JEDEC outline for this package. 

2. Add typically 0.002 inch (0.05mm) for solder coating. 
3. Lead dimension (without solder). | 
4 


. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of dimension D. 


5. Die to base Be0 isolated, terminals to case ceramic isolated. 
6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Leadiess Ceramic Chip Carrier Packages 
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1. Metallized casteliations shall be connected to plane 1 terminals 
and extend toward plane 2 across at least two layers of ceramic 
or completely across all of the ceramic layers to make electrical 
connection with the optional plane 2 terminals. 


2. Unless otherwise specified, a minimum clearance of 0.015 inch 
(0.381mm) shall be maintained between all metallized features 
(e.g., lid, castellations, terminals, thermal pads, etc.) 


3. Symbol “N” is the maximum number of terminals. Symbols “ND” 
and “NE” are the number of terminals along the sides of length 
“D" and “E”, respectively. 


4. The required plane 1 terminals and optional plane 2 terminals 
shall be ellectrically connected. 


5. The corner shape (square, notch, radius, etc.) may vary at the 
manufacturer's option, from that shown on the drawing. 


6. Chip carriers shall be constructed of a minimum of two ceramic 
layers. 


7. Maximum limits allows for 0.007 inch solder thickness on pads. 
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INFORMATION 


Package Outlines 


Metal Can Packages — 
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SECTION A-A 


NOTES: 


1. (All leads) Ob applies between L1 and L2. @b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


2. Measured from maximum diameter of the product. 
3. a is the basic spacing from the centerline of the tab to terminal 1 


NOTES: 


1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AF outline dated 11-82. 


2. Lead dimension (without solder). 


3. Solder coating may vary along lead length, add typically 0.002 
inch (0.05mm) for solder coating. 
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and f is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


4. Nis the maximum number of terminal positions. 
5. Dimensioning and tolerancing per ANSI 414.5M - 1982. 
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3 LEAD JEDEC TO-205AF HERMETIC METAL CAN PACKAGE 
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4. Position of lead to be measured 0.100 inch (2.54mm) from bot- 
tom of seating plane. 


5. This zone controlled for automatic handling. The variation in 
actual diameter within this zone shall not exceed 0.010 inch 
(0.254mm). 


6. Controlling dimension: inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Hermetic Steel Packages 


TO-204AA 


JEDEC TO-204AA HERMETIC STEEL PACKAGE 
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NOTES: 


1. 


2. 
3. 
4. 


These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AA outline dated 11-82. 


Lead dimension (without solder). 
Add typically 0.002 inch (0.05mm) for solder coating. 


Position of lead to be measured 0.250 inch (6.35mm) from bottom 
of seating plane. . 


. Controlling dimension: inch. 
. Revision 1 dated 1-93. 
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JEDEC TO-204AE HERMETIC STEEL PACKAGE 
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NOTES: 


is 


2. 
3. 
. Position of lead to be measured 0.250 inch (6.35mm) from bottom 
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These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AE outline dated 11-82. 


Lead dimension (without solder). 
Add typically 0.002 inch (0.05mm) for solder coating. 


of seating plane. 


. Controlling dimension: inch. 
. Revision 1 dated 1-93. 
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A complete and current listing of all Harris Sales, Representative and Distributor locations worldwide is on 16-2 through 16-8. 


RAD , 


SALES OFFICES 


HARRIS HEADQUARTER LOCATIONS BY COUNTRY: 


U.S. HEADQUARTERS 
Harris Semiconductor 
1301 Woody Burke Road 
Melbourne, Florida 32902 
TEL: (407) 724-3000 


SOUTH ASIA 


EUROPEAN HEADQUARTERS 


Harris Semiconductor 
Mercure Centre 

100 Rue de la Fusee 
1130 Brussels, Belgium 
TEL: (32) 2-246-21.11 


NORTH ASIA 


Harris Semiconductor H.K. Ltd Harris K.K. 


13/F Fourseas Building . 
208-212 Nathan Road 
Tsimshatsui, Kowloon 


Hong Kong 


TEL: (852) 3-723-6339 


Shinjuku NS Bidg. Box 6153 
2-4-1 Nishi-Shinjuku 


Shinjuku-Ku, Tokyo 163-08 Japan 


TEL: (81) 03-3345-8911 


TECHNICAL ASSISTANCE IS AVAILABLE FROM THE FOLLOWING SALES OFFICES: 


UNITED STATES 


INTERNATIONAL © 


CALIFORNIA 


FLORIDA 
GEORGIA 
ILLINOIS 


MASSACHUSETTS 
_ NEW JERSEY. 


NEW YORK 
TEXAS 


FRANCE 
GERMANY 


HONG KONG 


ITALY 
JAPAN 
KOREA 


UNITED KINGDOM 


Costa Mesa............ Rees 714-433-0660 
Sal JOSC 2 cis Ge Ge Sha keene 408-995-7322 
Woodland Hills.......... eee 818-992-0686 
Melbourne ...............0.. 407-724-3576 
DUG ea letra ig regsnae cue aates 404-476-2035 
Schaumburg. ................ 708-240-3480 
Burlington.......... iene an 617-221-1850 
Mt -Gaurelic as csean ede y 609-727-1909 
Great Neck.................. 516-829-9441 
Dallas. eee et eee re ee re 214-733-0800 
PAS 4 <gciu es oueteawias 33-1-346-54046 
Munich ee ee eer 49-8-963-8130 
KOWIOON iis <order etabe gabe 852-723-6339 
MUAING scdcinacs acerata cd wwe eng os +++ 89-2-262-22141 
NOKYVO -cxeus tad Sst mews 81-33-345-891 1 
SOGOU i 4 sate ese ee eae 82-2-551-0931 
Camberley ...............06- 44-2-766-86886 
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ALABAMA 
Harris Semiconductor 
Suite 103 ; 
Office Park South 
600 Boulevard South 
Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 
Compass Marketing & Sales, 
Inc. 
11801 N. Tatum Bivd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 
P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 557-0580 
FAX: 602'557 0581 


CALIFORNIA - 
Harris Semiconductor 
* Suite 320 
1503 So. Coast Drive | 
-Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 
Harris Semiconductor 
Suite 308 
5250 W. Century Bivd. 
Los Angeles, CA 90045 
TEL: (310) 649-4752 
FAX: 310 649 4804 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


Harris Semiconductor 
Suite 350 . 

6400 Canoga Ave. . 
Woodland Hills, CA 91367 
TEL: (818) 992-0686 

FAX: 818 883 0136 


CK Associates 

8333 Clairemont Mesa Bivd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6598 


* 


+ 


CANADA 
Blakewood Electronic 


' Systems, Inc. 


#201 - 7382 Winston Street 


-. Burnaby, BC 


V5A 2G9 | 
- TEL: (604) 444-3344 
FAX: 604 444 3303 
Clark Hurman Associates 
Unit 14. . 
20 Regan Road: 
Brampton, Ontario 
Canada L7A IC3 


TEL: (416) 840-6066 
> FAX: 416 840-6091 


66 Colonnade Rd. 


~ Suite 205. 
Nepean, Ontario 
Canada K2E 7K7 
TEL: (613) 727-5626 
FAX: 613 727 1707 
4 Chester 
Pointe Claire, Quebec 
_ Canada H9R 4H7 
TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 
Compass Marketing 
Suite 350D 
5600 So. Quebec St. 
Greenwood Village, CO 80111 
TEL: (303) 721-9663 
' FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (203) 284-0838 
FAX: 203 284 8232 


FLORIDA 
Harris Semiconductor 
* 1301 Woody Burke Rd. 
Melbourne, FL 32901 
TEL: (407) 724-3576 
FAX 407 724 3130 


Harris Semiconductor 
300 6th Avenue, North 


_ Indian Rocks Beach, FL 34635 


TEL: (813) 595-4030 
FAX: 813 595 5780 


GEORGIA 
Giesting & Associates 
* Suite 108 
2434 Hwy. 120 
_ Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


V North American Sales Offices and Representatives 


ILLINOIS 


- Harris Semiconductor 


* Suite 600 

- 1101 Perimeter Dr. 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


Oasis Sales 
~ 1101 Tonne Road 
Elk Grove Village, IL 60007 


~ TEL: (708) 640-1850 


FAX:'708 6409432 


INDIANA 
. Harris Semiconductor 


. * Suite 100 


11590 N. Meridian St. 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel,-IN 46032 

TEL: (317) 844-5222 


| FAX: 317 844 5861 


IOWA 
Advanced Technical Sales 
Inc. 
375 Collins Road, NE 
Cedar Rapids, JA 52402 
TEL: (319) 393-8280 
FAX: 319 393 7258 


Oasis Sales 

Suite 203 

4905 Lakeside Dr., NE 
Cedar Rapids, 1A 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 
Advanced Technical Sales, 
Inc. 
Suite 8 
601 North Mur-Len 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
212 Grayhawk Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


' MARYLAND 


New Era Sales, Inc. 

678 Ritchie Highway 
Severna Park, MD 21146 
TEL: (410) 544-4100 

FAX: 410 544-6092 


*Field Application Assistance Available 
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MASSACHUSETTS. 


Harris Semiconductor 


_ * Suite 240 


3 Burlington Woods 
Burlington, MA 01803 

~ TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales 
Suite 102 - 
348 Park Street 
Park Place West 
N. Reading, MA 01864 


TEL: (508) 664-0888 


FAX: 508 664 5503 


MICHIGAN 
Harris Semiconductor 
* Suite 460 
27777 Franklin Rd. 
Southfield, MI 48034 
TEL: (313) 746-0800 
FAX: 313 746 0516 


Glesting & Associates 
Suite 113 

34441 Eight Mile Rd. 
Livonia, MI 48152 

TEL: (313) 478-8106 
FAX: 313 477 6908 


6898 Curtis Dr. 

Coloma, MI 49038 

TEL: 616-468-4200 
' FAX: 616 468 6511 


1279 Skyhills N.E. 


Comstock Park, MI 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 
Oasis Sales 
Suite 210 
7805 Telegraph Road 
Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 
Advanced Technical Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 


NEW JERSEY. 
Harris Semiconductor 
* Suite 210 North | 
6000 Midlantic Drive 


-. Mt. Laurel, NJ 08054 


- TEL: (609) 727-1909 
FAX: 609 727 9099 
‘Harris Semiconductor 
724 Route 202 
P.O. Box 591 M/S 13 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


North American Sales Offices and Representatives (Continued) 


Tritek Sales, Inc. 
Suite 410 

One Cherry Hill 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 


Suite 109 

4100 Osuna Rd., NE 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 At.9, SuiteU3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


42 Redspire Way 

East Amherst, NY 14051 
TEL: (716) 688-7864 
FAX: 716 688-7864 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


* Trionic Associates, Inc. 


320 Northern Blvd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 


NORTH CAROLINA 


Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 549-3600 
FAX: 919 549 3660 


New Era Sales 
Suite 203 

1110 Navajo Dr. 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 


OHIO 


Giesting & Associates 
P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


Suite 521 

26250 Euclid Avenue 
Cleveland, OH 44132 
TEL: (216) 261-9705 

FAX: 216 261 5624 


2159 Riverhill Rd. 
Columbus, OH 43221 
TEL: (614) 459-4800 
FAX: 614 459 4801 


OKLAHOMA 
Nova Marketing 
Suite 1339 
8125D East 51st Street 
Tulsa, OK 74145 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 665 3815 


OREGON 


Northwest Marketing Assoc. 


Suite 330 

6975 SW Sandburg Road 
Portland, OR 97223 

TEL: (503) 620-0441 
FAX: 503 684 2541 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


TEXAS 
Harris Semiconductor 
* Suite 205 
17000 Dallas Parkway 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 
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Nova Marketing 
Suite 174 

8350 Meadow Rd. 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 


Suite 180 

8310 Capitol of Texas Hwy. 
Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 

Suite 141 

9207 Country Creek Rd. 
Houston, TX 77036 

TEL: (713) 988-6082 

FAX: 713 774 1014 


UTAH 
Compass Marketing & Sales 
4001 South 700 East 
Suite 500 
Salt Lake City, UT 84107 
TEL: (801) 264-6606 
FAX: 801 264 6601 


WASHINGTON 
Northwest Marketing Assoc. 
Suite 330N 
12835 Bel-Red Road 
Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, Wi 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


North American Authorized Distributors 


CORPORATE OFFICES 
Arrow/Schweber 
25 Hub Dr. 
Melville, NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 


Hamiiton/Avnet 

10950 W. Washington Blvd. 
Culver City, CA 90230 
TEL: (310) 558-2000 

FAX: 310 558 2809 (Mil) 
FAX: 310 558 2076 (Com) 


ALABAMA 
Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 
Hamilton/Avnet 
Huntsville 
TEL: (205) 837-7210 


ARIZONA 


Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 


Hamilton/Avnet 
Chandler 
TEL: (602) 961-6411 


CALIFORNIA 


Arrow/Schweber 
Calabasas 

TEL: (818) 880-9686 
Fremont 

TEL: (408) 432-7171 


Irvine | 

TEL: (714) 454-4372 
San Diego 

TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


Hamilton/Avnet 
Costa Mesa 
TEL: (714) 641-6111 


Costa Mesa 

TEL: (714) 641-4100 
Culver City 

TEL: (310) 558-2046 
Roseville 

TEL: (916) 781-6614 
San Diego 

TEL: (619) 571-7525 
Sunnyvale 

TEL: (408) 743-3300 
Woodland Hills 

TEL: (818) 594-0404 


CANADA 
Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


“Field Application Assistance Available 
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Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (416) 670-7769 


Hamilton/Avnet 
Burnaby, B.C. 
TEL: (604) 420-4101 


Mississaugua, Ontario 
TEL: (416) 564-6060 
Nepean, Ontario 

TEL: (613) 727-7501 


St. Laurent, Quebec 
TEL: (514) 335-1000 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
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Hamilton/Avnet 
Englewood 
TEL: (303) 799-0663 


Colorado Springs 
TEL: (719) 637-0055 


CONNECTICUT 
Arrow/Schweber 
Wallingford 

TEL: (203) 265-7741 
Hamilton/Avnet 
Danbury 

TEL: (203)743-9799 


FLORIDA 
Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 


Lake Mary 

TEL: (407) 333-9300 
Hamilton/Avnet 

Ft. Lauderdale 

TEL: (305) 733-6300 
St. Petersburg 


TEL: (813) 573-3930 


Winter Park 


TEL: (407) 657-9018 | 


GEORGIA . 
Arrow/Schweber . 
Duluth 

TEL: (404) 497-1300 


Hamilton/Avnet 
Duluth ? 
TEL: (404) 623-5475 


ILLINOIS 
Arrow/Schweber 
Itasca 

TEL: (708) 250-0500 
Hamilton/Avnet 
Bensenville 

TEL: (708) 860-8566 


INDIANA | 
Arrow/Schweber 
Indianapolis 

TEL: (317) 299-2071 
Hamilton/Avnet 
Carmel 

TEL: (317) 844-9333 


IOWA 
Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 
Hamilton/Avnet 
Cedar Rapids 

TEL: (319) 393-0033 


North American Authorized Distributors 


KANSAS 
Arrow/Schweber | 
Lenexia 
TEL: (913) 541-9542 
Hamilton/Avnet 
Lenexa st 
TEL: (913) 541-7924 


KENTUCKY 
Hamilton/Avnet 
Lexington 
TEL: (606) 288-4911 


MARYLAND 
Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 
Hamilton/Avnet 
Columbia 
TEL: (410) 995-3528 


MASSACHUSETTS 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Hamilton/Avnet 
Peabody 

TEL: (508) 531-7430 


MICHIGAN 


Arrow/Schweber | 
Livonia 


TEL: (313) 462-2290 | 


Hamilton/Avnet 
Novi 

TEL: (313) 347-4270 
Grandville 

TEL: (616) 531-0345 


MINNESOTA 
Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 
Hamilton/Avnet 
Minnetonka 
TEL: (612) 932-0600 


MISSOURI 
Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton/Avnet 
Chesterfield 


TEL: (314) 537-1600. 


NEW HAMPSHIRE | 
Hamilton/Avnet 
Manchester 


TEL: (603) 624-9400 


NEW JERSEY 


Arrow/Schweber 
Marlton 


TEL: (609) 596-8000 


Pinebrook 

TEL: (201) 227-7880 
Hamilton/Avnet . 
Cherry Hill . 


_ TEL: (609) 424-0100 


Parsippany - 
TEL: (201) 515-5300 


NEW MEXICO 


Hamilton/Avnet 
Albuquerque | 
TEL: (505) 345-0633 


NEW YORK 


Arrow/Schweber 
Hauppauge 

TEL: (516) 231-1000 
Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1277 
Rochester 

TEL: (716) 427-0300 
Hamilton/Avnet_. 
Syracuse 

TEL: (315) 434-2426 
Hauppauge 

TEL: (516) 434-7490 
Rochester . 
TEL: (716) 475-9130 


Westbury 
TEL: (516) 997-6868 


NORTH CAROLINA 


Arrow/Schweber 
Raleigh 

TEL: (919) 876-3132 
Hamilton/Avnet 
Raleigh — 


TEL: (919) 878-0819 . 


OHIO 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 
Centerville 

TEL: (513) 435-5563 


Hamilton/Avnet 
Dayton 

TEL: (513) 439-6700 
TEL: (513) 439-6721 


OKLAHOMA 
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Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 
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Hamilton/Avnet 
Tulsa <-% 
TEL: (918) 252-7297 


OREGON 


Hamilton/Avnet 
Beaverton 
(503) 627-0201 


PENNSYLVANIA 


Arrow/Schweber 
Pittsburgh 

TEL: (412) 963-6807 | 
Hamilton/Avnet 
Pittsburgh 
TEL: (412) 772-1881 


TEXAS 


Arrow/Schweber | 
Austin 

TEL: (512) 835-4180 
Dallas 

TEL: (214) 380-6464 
Houston . 

TEL: (713) 530-4700 
Hamilton/Avnet 
Austin 

TEL: (512) 832-4306 
Dallas 

TEL: (214) 404-9906 
Houston 

TEL: (713) 861-8517 | 


UTAH 


Arrow/Schweber 
Salt Lake City 

TEL: (801) 973-6913 
Hamilton/Avnet 
Salt Lake City 

TEL: (801) 972-4300 


WASHINGTON | 


Almac/Arrow 
Bellevue 

TEL: (206) 643-9992 
Spokane 

TEL: (509) 924-9500 


Hamilton/Avnet 
Redmond 
TEL: (206) 881-6697 


WISCONSIN 


Arrow/Schweber 
Brookfield . 
TEL: (414) 792-0150 
Hamilton/Avnet — 
Waukesha 

TEL: (414) 784-4518 


European Sales Offices 


European Sales Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee, 100 
1130 Brussels, Belgium 
TEL: 32 2 246 21 11 
FAX: 32 2 246 22 05 
FAX: 32 2 246 22 06 
TLX: 61566 


FRANCE 

* Harris Semiconducteurs SARL 
2-4, Avenue de I'Europe 
F - 78140 Velizy 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 
TLX: 697060 


GERMANY 

* Harris Semiconductor 
GmbH 
Putzbrunnerstrasse 69 
8000 Muenchen 83 
TEL: 49 89 63813 0 
FAX: 49 89 6376201 
TLX: 529051 


Harris Semiconductor 
GmbH 

Kieler strasse 55 - 59 
2085 Quickborn 

TEL: 49 4106 5002 04 
FAX: 49 4106 68850 
TLX: 211582 


Harris Semiconductor 
GmbH 

Wegener Strasse, 5/1 
7032 Sindelfingen 
TEL: 49 7031 8694-0 
FAX: 49 7031 873 849 
TLX: 7265431 
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ITALY 
* Harris SRL 
Viale Fulvio Testi, 126 
20092 Cinisello Balsamo 
TEL: 39 2 262 07 61 
(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 
FAX: 39 2 248 66 20 
39 2 262 22 158 (ROSE) 
TWX: 324019 


UNITED KINGDOM 
* Harris Semiconductor Ltd 
Riverside Way 
Camberley 
Surrey GU15 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 


Asian Pacific Sale Office and Authorized Distributor 


Asian Sales Headquarters 
JAPAN 
Harris K.K. 
Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163-08 
Japan . 
TEL: 81-3-3345-8911 
FAX: 81-3-3345-8910 


Authorized Distributor 
JAPAN 
Jepico Corp. 


Shinjuku Daiichi Seimei Bldg. 


2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX: 03-3348-0623 
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